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CONSTITUTION. 

REVISED   AT   THE   FIFTH,   EIGHTH    AND   TWELFTH    ANNUAL    CONVENTIONS. 

ARTICLE  I. 

Na      e  NAME,   OBJECT   AND   LOCATION. 

1.  The  name  of  this  Association  is  the  American  Railway  Engi- 
neering Association. 

Object. 

2.  Its  object  is  the  advancement  of  knowledge  pertaining  to  the 
scientific  and  economic  location,  construction,  operation  and  maintenance 
of  railways. 

Means  to  Be  Used. 

3.  The  means  to  be  used  for  this  purpose  shall  be  as  follows: 

(a)  Meetings  for  the  reading  and  discussion  of  reports  and  papers 
and  for  social  intercourse. 

(b)  Investigation  of  matters  pertaining  to  the  objects  of  the  Asso- 
ciation through  Standing  and  Special  Committees. 

(c)  The  publication  of  papers,  reports  and  discussions. 

(d)  The  maintenance  of  a  library. 
Responsibility. 

4.  Its  action  shall  be  recommendatory,  and  not  binding  upon  its 
members. 

Location  of  Office. 

5.  Its  permanent  office  shall  be  located  in  Chicago,  111.,  and  the 
annual  convention  shall  be  held  in  that  city. 

ARTICLE  II. 
Membership  Classes.  MEMBERSHIP. 

1.     The   membership  of   this  Association  shall   be  divided   into  three 
classes,  viz.:    Members,  Honorary   Members  and  Associates. 
Membership   Qualifications. 

(2)     A  Member  shall  be: 

(a)  Either  a  Civil  Engineer,  a  Mechanical  Engineer,  an  Electrical 
Enginaer,  or   an   official   <>f   a   railway  corporation,   who   has   had   not   less 
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18  CONSTITUTION. 

than  five  (5)  years'  experience  in  the  location,  construction,  maintenance 
or  operation  of  railways,  and  who,  at  the  time  of  application  for  member- 
ship, is  engaged  in  railway  service  in  a  responsible  position  in  charge  of 
work  connected  with  the  Location,  Construction,  Operation  or  Mainte- 
nance of  a  Railway;  provided,  that  all  persons  who  were  Active  Members 
prior  to  March  20,  1907,  shall  remain  Members  except  as  modified  by 
Article  II,  Clause  9. 

(b)     A  Professor  of  Engineering  in  a  college  of  recognized  standing. 

Honorary    Membership  Qualifications. 

3.  An  Honorary  Member  shall  be  a  person  of  acknowledged  emi- 
nence in  railway  engineering  or  management.  The  number  of  Honorary 
Members  shall  be  limited  to  ten. 

Associate    Membership    Qualifications. 

4.  An  Associate  shall  be  a  person  not  eligible  as  a  Member,  but 
whose  pursuits,  scientific  acquirements  or  practical  experience  qualify 
him  to  co-operate  with  Members  in  the  advancement  of  professional 
knowledge,  such  as  Consulting,  Inspecting,  Contracting,  Government  or 
other  Engineers,  Instructors  of  Engineering  in  Colleges  of  recognized 
standing,  and  Engineers  of  Industrial  Corporations  when  their  duties  are 
purely  technical. 

Membership   Rights. 

5.  (a)  Members  shall  have  all  the  rights  and  privileges  of  the 
Association. 

(b)  Honorary  Members  shall  have  all  the  rights  of  Members,  except 
that  of  holding  office,  and  shall  be  exempt  from  the  payment  of  dues. 

(c)  Associates  shall  have  all  the  rights  of  Members,  except  those  of 
voting  and  holding  office. 

Age    Requirement. 

6.  An  applicant  to  be  eligible  for  membership  in  any  class  shall  not 
be  less  than  twenty-five  (25)  years  of  age. 

"Railway"    Defined. 

7.  The  word  "railway"  in  this  Constitution  means  one  operated  by 
steam  or  electricity  as  a  common  carrier,  dependent  upon  transportation 
for  its  revenue.  Engineers  of  street  railway  systems  and  of  railways 
which  are  used  primarily  to  transport  the  material  or  product  of  an 
industry  or  industries  to  and  from  a  point  on  a  railway  which  is  a 
common  carrier,  or  those  which  are  merely  adjuncts  to  5iich  industries, 
arc  eligible  only  as  Associates. 
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Changes  in  Classes. 

8.  A  Member,  elected  after  March  20,  1907,  who  shall  leave  the 
railway  service,  shall  cease  to  be  a  Member,  but  may  retain  membership 
in  the  Association  as  an  Associate,  subject  to  the  provisions  of  Article  II, 
Clause  9;  provided,  however,  if  he  re-enters  the  railway  service,  he  shall 
be  restored  to  the  class  of  Members. 

Supply    Men. 

9.  Persons  whose  principal  duties  require  them  to  be  engaged  in 
the  sale  or  promotion  of  railway  patents,  appliances  or  supplies,  shall 
not  be  eligible  for,  nor  retain  membership  in  any  class  in  this  Association, 
except  that  those  who  were  Active  Members  prior  to  March  20,  1907, 
may  retain  membership  as  Associates;  provided,  however,  that  anyone 
having  held  membership  in  the  Association  and  subsequently  having  be- 
come subject  to  the  operation  of  this  clause,  shall,  if  he  again  becomes 
eligible,  be  permitted  to  re-enter  the  Association,  without  the  payment  of 
a  second  entrance  fee. 

Transfers. 

10.  The  Board  of  Direction  shall  transfer  members  from  one  class 
to  another,  or  remove  a  member  from  the  membership  list,  under  the 
provisions  of  this  Article. 

ARTICLE  III. 

ADMISSIONS    AND   EXPULSIONS. 

Charter   Membership. 

1.  The  Charter  Membership  consists  of  all  persons  who  were  elected 
before  March  15,  1900. 

Application  for   Membership. 

2.  The  Charter  Membership  having  been  completed,  any  person 
desirous  of  becoming  a  member  shall  make  application  upon  the  form 
prescribed  by  the  Board  of  Direction,  setting  forth  in  a  concise  statement 
his  name,  age,  residence,  technical  education  and  practical  experience. 
He  shall  refer  to  at  least  three  members  to  whom  he  is  personally  known, 
each  of  whom  shall  be  requested  by  the  Secretary  to  certify  to  a  personal 
knowledge  of  the  candidate  and  his  fitness  for  membership. 

Election   to    Membership. 

3.  Upon  receipt  of  an  application  properly  endorsed,  the  Board  of 
Direction,  through  its  Secretary,  or  a  Membership  Committee  selected 
from  its  own  members,  shall  make  such  investigation  of  the  candidate's 
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fitness  as  may  be  deemed  necessary.  The  Secretary  will  furnish  copies 
of  the  information  obtained  and  of  the  application  to  each  member  of  the 
Hoard  of  Direction.  At  any  time,  not  less  than  thirty  days  after  the 
filing  of  the  application,  the  admission  of  the  applicants  shall  be  canvassed 
by  letter-ballot  among  the  members  of  the  Board,  and  affirmative  votes 
by  two-thirds  of  its  members  shall  elect  the  candidate;  provided,  how- 
ever, that  should  an  applicant  for  membership  be  personally  unknown  to 
three  members  of  the  Association,  due  to  residence  in  a  foreign  country, 
or  in  such  a  portion  of  the  United  States  as  precludes  him  from  a  suffi- 
cient acquaintance  with  its  members,  he  may  refer  to  well-known  men 
engaged  in  railway  or  allied  professional  work,  upon  the  form  above 
described,  and  such  application  shall  be  considered  by  the  Board  of 
Direction  in  the  manner  above  set  forth,  and  the  applicant  may  be  elected 
to  membership  by  a  unanimous  vote  of  the  Board. 
Subscription  to  Constitution. 

4.  All  persons,  after   due  notice   from   the   Secretary  of  their  elec- 
tion, shall  subscribe  to  the  Constitution  on  the   form  prescribed  by  the 
Board  of  Direction.     If  this  provision  be  not  complied  with  within  six 
months  of  said  notice,  the  election  shall  be  considered  null  and  void. 
Reinstatement. 

5.  Any  person  having  been  a  member  of  this  Association,  and  hav- 
ing, while  in  good  standing,  resigned  such  membership,  may  be  reinstated 
without  the  payment  of  a  second  entrance  fee;  provided  his  application 
for  reinstatement  is  signed  by  five  members  certifying  to  his  fitness  for 
same,  and  such  application  is  passed  by  a  two-thirds  majority  of  the 
Board  of  Direction. 

Honorary   Membership. 

6.  Proposals  for  Honorary  Membership  shall  be  submitted  by  ten  or 
more  Members.  Each  member  of  the  Board  of  Direction  shall  be  fur- 
nished with  a  copy  of  the  proposal,  and  if,  after  thirty  days,  the  nominee 
shall  receive  the  unanimous  vote  of  said  Board,  he  shall  be  declared  an 
I  tonorary  Member. 

Expulsions. 

7.  When  charges  are  preferred  against  a  Member  in  writing  by  ten 
or  more  Members,  the  Member  complained  of  shall  be  served  with  a  copy 
of  such  charges,  and  he  shall  be  called  upon  to  show  cause  to  the  Board 
of  Direction  why  he  should  not  be  expelled  from  the  Association.  Not 
less  than  thirty  days  thereafter  a  vote  shall  be  taken  on  his  expulsion, 
and  he  shall  be  expelled  upon  a  two-thirds  vote  of  the  Board  of  Direction. 
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Resignations. 

8.  The  Board  of  Direction  shall  accept  the  resignation,  tendered  in 
writing,  of  any  Member  whose  dues  are  fully  paid  up. 

ARTICLE  IV. 

Entrance  Fee.  DUES- 

1.  An  entrance  fee  of  $10.00  shall  be  payable  to  the  Association 
through  its  Secretary  with  each  application  for  membership ;  and  this 
sum  shall  be  returned  to  the  applicant  if  not  elected. 

Annual  Dues. 

2.  *The  annual  dues  are  $10.00,  payable  during  the  first  three  months 
of  the  calendar  year. 

Arrears. 

3.  Any  person  whose  dues  are  not  paid  before  April  1st  of  the  cur- 
rent year  shall  be  notified  of  same  by  the  Secretary.  Should  the  dues 
not  be  paid  prior  to  July  1st,  the  delinquent  Member  shall  lose  his  right 
to  vote.  Should  the  dues  remain  unpaid  October  1st,  he  shall  be  notified 
on  the  form  prescribed  by  the  Board  of  Direction,  and  he  shall  no  longer 
receive  the  publications  of  the  Association.  If  the  dues  are  not  paid  by 
December  31st,  he  shall  forfeit  his  membership  without  further  action 
or  notice,  except  as  provided  for  in  Clause  4  of  this  Article. 
Remission  of  Dues. 

4.  The  Board  of  Direction  may  extend  the  time  of  payment  of 
dues,  and  may  remit  the  dues  of  any  Member  who,  from  ill-health, 
advanced  age  or  other  good  reasons,  is  unable  to  pay  them. 

ARTICLE  V. 
Officers.  board  of  direction. 

1.  The  officers  of  the  Association  shall  be  Members  and  shall  con- 
sist of : 

A   President, 

A    First    Vice-President, 

A  Second  Vice-President, 

A  Treasurer, 

A  Secretary, 

Nine    Directors, 


•The  annual  payment  <»r  iio.no  made   by   enc\\    member   is   to   be  aub- 

ilvM.-.l    and    credited  on    the  books   of  the  Association,  as  follows:    To  mem- 
ber's subscription    to    the    Bulletin.    $6.00;  annual  dues.  $5.00. 
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who,  together  with  the  five  latest  living  Past-Presidents  who  are  Mem- 
bers,  shall  constitute  the   Board   of   Direction  in   which   the  government 
of  the  Association  shall   be  vested,  and  who  shall  act  as   Trustees,  and 
have  the  custody  of  all  property  belonging  to  the  Association. 
Vice-Presidents'   Priority. 

2.  The  offices  of  First  and  Second  Vice-Presidents  shall  be  deter- 
mined by  the  priority  of  their  respective  dates  of   election. 

Terms  of  Office. 

3.  The  terms  of  office  of  the  several  officers  shall  be  as  follows: 

President,  one  year. 
Vice-Presidents,   two  years. 
Treasurer,   one  year. 
Secretary,   one  year. 
1  >irectors,    three    years. 
Officers   Elected  Annually. 

4.  (a)     There  shall  be  elected  at  each  Annual  Convention: 

A    President, 

One   Vice-President, 

A   Treasurer, 

A    Secretary, 

Three  Directors, 
(b)     The  candidates  for  President  and   for   Vice-President  shall  be 
selected  from  the  members  of  the  Board  of  Direction. 
Conditions  of  Re-election  of  Officers. 

5.  The  office  of  President  shall  not  be  held  twice  by  the  same  per- 
son. A  person  who  shall  have  held  the  office  of  Vice-President  or 
Director  shall  not  be  eligible  for  re-election  to  the  same  office  until  at 
least  one  full  term  shall  have  elapsed  after  the  expiration  of  his  previous 
term  of  office. 

Term   of  Officers. 

6.  The  term  of  each  officer  shall  begin  with  his  election  and  con- 
tinue until  his  successor  is  elected. 

Vacancies   in   Offices. 

7.  (a)  A  vacancy  in  the  office  of  President  shall  be  filled  by  the 
First  Vice-President. 

(b)  A  vacancy  in  the  office  of  either  of  the  Vice-Presidents  shall 
be  filled  by  the  Board  of  Direction  by  election  from  the  Directors.  A 
Vice-Presidency  shall  not  be  considered  vacant  when  one  of  the  Vice- 
Presidents  is  filling  a  vacancy  in  the  Presidency. 
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(c)  Any  other  vacancies  for  the  unexpired  term  in  the  membership 
of  the  Board  of  Direction  shall  be  filled  by  the  Board. 

(d)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be 
eligible  for  re-election  to  the  office  he  is  holding;  provided,  however, 
that  anyone  appointed  to  fill  a  vacancy  as  Director  within  six  months 
after  the  term  commences  shall  be  considered  as  coming  within  the  pro- 
vision of  Article  V,  Clause  5. 

Vacation  of  Office. 

8.  When  an  officer  ceases  to  be  a  Member  of  the  Association,  as 
provided  in  Article  II,  his  office  shall  be  vacated,  and  be  filled  as  pro- 
vided in  Article  V,  Clause  7. 

Disability  or  Neglect. 

9.  In  case  of  the  disability  or  neglect  in  the  performance  of  his 
duty,  of  an  officer,  the  Board  of  Direction,  by  a  two-thirds  majority 
vote  of  the  entire  Board,  shall  have  power  to  declare  the  office  vacant, 
and  fill  it  as  provided  in  Article  V,  Clause  7. 

ARTICLE  VI. 

NOMINATION    AND    ELECTION    OF    OFFICERS. 

Nominating  Committee. 

1.  (a)  There  shall  be  a  Nominating  Committee  composed  of  the 
five  latest  living  Past-Presidents  of  the  Association,  who  are  Members, 
and  five  Members  not  officers. 

(b)  The  five  Members  shall  be  elected  annually  when  the  officers 
of  the  Association  are  elected. 

Number  of  Candidates. 

2.  It  shall  be  the  duty  of  this  Committee  to  nominate  candidates  to 
fill  the  offices  named  in  Article  V,  and  vacancies  in  the  Nominating  Com- 
mittee caused  by  expiration  of  term  of  service,  for  the  ensuing  year,  as 

°      '                                                     Number  of  Candi-  Number  of  Candi- 
dates to  Ik-  named  dates  to  be  Elected 
by  Nominating  At  Annual  Election 
Office  to  be  Filled.                           Committee.  of  Officers. 

President     1  1 

Vice-President     1  1 

Treasurer    1  1 

Secretary     1  1 

Directors     9  3 

Nominating    Committee     10  5 
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Chairman. 

3.  The  Senior  Past-President  shall  act  as  permanent  chairman  of 
the  Committee,  and  will  issue  the  call  for  meetings.  In  his  absence  from 
meetings,  the  Past- President  next  in  age  of  service  shall  act  as  Chair- 
man pro  tem.  at  the  meeting. 

Meeting   of   Committee. 

4.  Prior  to  December  1st  each  year,  the  Chairman  shall  call  a  meeting 
of  the  Committee  at  a  convenient  place  and,  at  this  meeting,  nominees 
for  office  shall  be  agreed  upon. 

Announcement  of   Names  of   Nominees. 

5.  The  names  of  the  nominees  shall  be  announced  by  the  perma- 
nent Chairman  to  the  President  and  Secretary  not  later  than  December 
15th  of  the  same  year,  and  the  Secretary  shall  report  them  to  the  mem- 
bers of  the  Association  on  a  printed  slip  not  later  than  January  1st 
following. 

Additional    Nominations   by   Members. 

6.  At  any  time  between  January  1st  and  February  1st,  any  ten  or 
more  Members  may  send  to  the  Secretary  additional  nominations  for  the 
ensuing  year  signed  by  such   Members. 

Vacancies  in   List  of  Nominees. 

7.  If  any  person  so  nominated  shall  be  found  by  the  Board  of 
Direction  to  be  ineligible  for  the  office  for  which  he  is  nominated,  or 
should  a  nominee  decline  such  nomination,  his  name  shall  be  re- 
moved and  the  Board  may  substitute  another  one  therefor;  and  may 
also  fill  any  vacancies  that  may  occur  in  this  list  of  nominees  up  to  the 
time  the  ballots  are  sent  out. 

Ballots   Issued. 

8.  Not  less  than  thirty  days  prior  to  each  Annual' Convention, 
the  Secretary  shall  issue  ballots  to  each  voting  member  of  record  in  good 
standing,  with  a  list  of  the  several  candidates  to  be  voted  upon,  with 
the  names  arranged  in  alphabetical  order  when  there  is  more  than  one 
name  for  any  office. 

Substitution   of   Names. 

9.  Members  may  erase  names  from  the  printed  ballot  list  and  may 
substitute  the  name  or  names  of  any  other  person  or  persons  eligible  for 
any  office,  but  the  number  of  names  voted  for  each  office  on  the  ballot 
must  not  exceed  the  number  to  be  elected  at  that  time  to  such  office. 
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Ballots. 

10.  (a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed 
with  the  name  of  the  voter,  and  mailed  or  deposited  with  the  Secretary 
at  any  time  previous  to  the  closure  of  the  polls. 

(b)  A  voter  may  withdraw  his  ballot,  and  may  substitute  another, 
at  any  time  before  the  polls  close. 

Invalid  Ballots. 

11.  Ballots  not  endorsed  or  from  persons  not  qualified  to  vote  shall 
not  be  opened ;  and  any  others  not  complying  with  the  above  provisions 
shall  not  be  counted. 

Closure  of  Polls. 

12.  The  polls  shall  be  closed  at  twelve  o'clock  noon  on  the  second 
day  of  the  Annual  Convention,  and  the  ballots  shall  be  counted  by  three 
tellers  appointed  by  the  Presiding  Officer.  The  ballots  and  envelopes 
shall  be  preserved  for  not  less  than  ten  days  after  the  vote  is  canvassed. 
Requirements  for  Election. 

13.  The  persons  who  shall  receive  the  highest  number  of  votes  for 
the  offices   for  which  they  are  candidates   shall   be   declared   elected. 
Tie  Vote. 

14.  In  case  of  a  tie  between  two  or  more  candidates  for  the  same 
office,  the  members  present  at  the  Annual  Convention  shall  elect  the  offi- 
cer by  ballot  from  the  candidates  so  tied. 

Announcement. 

15.  The  Presiding  Officer  shall  announce  at  the  convention  the 
names  of  the  officers   elected  in  accordance  with   this  Article. 

First  Nominating  Committee. 

16.  Except  as  to  the  Past-Presidents,  the  first  Nominating  Commit- 
tee and  the  three  additional  Directors  provided  for  shall  be  appointed 
by  the  Board  of  Direction,  one  of  the  Directors  for  one  year,  one  for 
two  years  and  one  for  three  years. 

ARTICLE  VII. 
Duties  of  President.  MANAGEMENT. 

1.  (a)  The  Presidenl  shall  have  general  supervision  of  the  affairs 
of  the  Association,  shall  preside  al  meetings  of  the  Association  and  oi 
the  Hoard  of  Direction,  and  shall  be  ex-offido  member  of  all  Commit- 
tees, except  the  Nominating  Committee, 
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(b)     The    Vice-Presidents,    in    order    of    seniority,    shall    preside    at 
meetings   in    the   absence   of    the    President   and   discharge   his    duties   in 
case  of  a  vacancy  in  his  office. 
Duties  of  Treasurer. 

2.  The  Treasurer  shall  receive  all  moneys  and  deposit  same  in  the 
name  of  the  Association,  and  shall  receipt  to  the  Secretary  therefor.  He 
shall  invest  all  funds  not  needed  for  current  disbursements  as  shall  be 
ordered  by  the  Board  of  Direction.  He  shall  pay  all  bills,  when  properly 
certified  and  audited  by  the  Finance  Committee,  and  make  such  reports 
as  may  be  called  for  by  the  Board  of  Direction. 

Duties   of   Secretary. 

3.  The  Secretary  shall  be,  under  the  direction  of  the  President  and 
Board  of  Direction,  the  Executive  Officer  of  the  Association.  He  shall 
attend  the  meetings  of  the  Association  and  of  the  Board  of  Direction, 
prepare  the  business  therefor,  and  duly  record  the  proceedings  thereof. 
He  shall  see  that  the  moneys  due  the  Association  are  collected  and  without 
loss  transferred  to  the  custody  of  the  Treasurer.  He  shall  personally 
certify  to  the  accuracy  of  all  bills  or  vouchers  on  which  money  is  to 
be  paid.  He  is  to  conduct  the  correspondence  of  the  Association  and 
keep  proper  record  thereof,  and  perform  such  other  duties  as  the  Board 
of  Direction  may  prescribe. 

Auditing   of   Accounts. 

4.  The  accounts  of  the  Treasurer  and  Secretary  shall  be  audited 
annually  by  a  public  accountant,  under  the  direction  of  the  Finance 
Committee  of  the  Board. 

Duties   of   Board. 

5.  The  Board  of  Direction  shall  manage  the  affairs  of  the  Associa- 
tion, and  shall  have  full  power  to  control  and  regulate  all  matters  not 
otherwise  provided  in  the  Constitution. 

Board   Meetings. 

6.  The  Board  of  Direction  shall  meet  within  thirty  days  after  each 
Annual  Convention,  and  at  such  other  times  as  the  President  may  direct. 
Special  meetings  shall  be  called  on  request,  in  writing,  of  five  members  of 
the  Board. 

Board   Quorum. 

7.  Seven  members  of  the  Board  shall  constitute  a  quorum. 
Board  Committees. 

8.  At  the  first  meeting  of  the  Board  after  the  Annual  Convention, 
the    following  committees    from   its   members   shall   be   appointed  by  the 
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President,    and    shall    report    to    and    perform    their    duties    under    the 
supervision    of    the    Board    of    Direction : 

a.  Finance  Committee  of  three  members. 

b.  Publication  Committee  of  three  members. 

c.  Library  Committee  of  three  members. 

d.  Outline  of  Work  of  Standing  Committees  of  five  members. 
Duties  of  Finance  Committee. 

9.  The  Finance  Committee  shall  have  immediate  supervision  of  the 
accounts  and  financial  affairs  of  the  Association;  shall  approve  all  bills 
before  payment,  and  shall  make  recommendations  to  the  Board  of  Direc- 
tion as  to  the  investment  of  moneys  and  as  to  other  financial  matters. 
The  Finance  Committee  shall  not  have  the  power  to  incur  debts  or  other 
obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of 
the  Association,  except  by  previous  action  and  authority  of  the  Board 
of  Direction. 

Duties  of  Publication   Committee. 

10.  The  Publication  Committee  shall  have  general  supervision  of 
the  publications  of  the  Association. 

Duties  of  Library  Committee. 

11.  The  Library  Committee  shall  have  general  supervision  of  the 
Library,  the  property  therein,  and  the  quarters  occupied  by  the  Secre- 
tary; shall  make  recommendations  to  the  Board  with  reference  thereto, 
and  shall  direct  the  expenditure  for  books  and  other  articles  of  perma- 
nent value,  from  such  sums  as  may  be  appropriated  for  these  purposes. 
Duties  of  Committee  on  Outline  of  Work  of  Standing  Committees. 

12.  The  Committee  on  Outline  of  Work  of  Standing  Committees 
shall  present  a  list  of  subjects  for  committee  work  during  the  ensuing 
year  at  the  first  meeting  of  the  Board  of  Direction  after  the  Annual 
Convention. 

Standing    Committees. 

13.  The  Board  of  Direction  may  appoint  such  Standing  Committees 
as  it  may  deem  best,  to  investigate,  consider  and  report  upon  questions 
pertaining  to  railway  location,  construction  or   maintenance. 

Special   Committees. 

14.  Special  Committees  to  examine  into  and  report  upon  any  sub 
ject  connected  with  the  objects  of  this  Association  may  be  appointed 
from  time  to  time  by  the  Board  of  Direction. 
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Discussion   by   Non-Members. 

15.  The  Board  of  Direction  may  invite  discussions  of  reports  from 
persons  not  members  of  the  Association. 

Sanction  of  Acts  of  Board. 

16.  An  act  of  the  Board  of  Direction  which  shall  have  received  the 
expressed  or  implied  sanction  of  the  membership  at  the  next  Annual 
Convention  of  the  Association  shall  be  deemed  to  be  the  act  of  the 
Association,   and   shall  not  afterwards  be   impeached   by  any  Member. 

ARTICLE  VIII. 

.    0  MEETINGS. 

Annual  Convention. 

1.  The  Annual  Convention  shall  begin  upon  the  third  Tuesday 
in  March  of  each  year,  and  shall  be  held  at  such  place  in  the  City  of 
Chicago  as  the  Board  of  Direction  may  select. 

Special    Meetings. 

2.  Special  meetings  of  the  Association  may  be  called  by  the  Board 
of  Direction,  and  special  meetings  shall  be  so  called  by  the  Board  upon 
request  of  thirty  Members,  which  request  shall  state  the  purpose  of 
such  meeting.  The  call  for  such  meeting  shall  be  issued  not  less  than 
ten  days  in  advance,  and  shall  state  the  purpose  and  place  thereof,  and 
no  other  business  shall  be  taken  up  at  such  meeting. 

Notification  of  Annual   Convention. 

3.  The  Secretary  shall  notify  all  members  of  the  time  and  place  of 
the  Annual  Convention  of  the  Association  at  least  thirty  days  in  advance 
thereof. 

Association   Quorum. 

4.  Twenty-five  Members  shall  constitute  a  quorum  at  all  meetings 
of  the  Association. 

Order  of   Business. 

5.  (a)  The  order  of  business  at  annual  conventions  of  the  Asso- 
ciation shall  be  as   follows: 

Reading  of  minutes  of  last  meeting. 
Address  of  the  President. 
Reports  of  the   Secretary  and   Treasurer. 
Reports  of  Standing  Committees. 
Reports  of  Special  Committees. 
Unfinished  business. 
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New  business. 

Election  of  officers. 

Adjournment, 
(b)     This  order  of  business,  however,  may  be  changed  by  a  majority 
vote  of   members  present. 
Rules  of  Order. 

6.  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order," 
except  as  otherwise  herein  provided. 

Discussion. 

7.  Discussion  shall  be  limited  to  members  and  to  those  invited  by 
the  presiding  officer  to  speak. 

ARTICLE  IX. 

A~,-^^~,««+^  AMENDMENTS. 

Amendments. 

1.  Proposed  amendments  to  this  Constitution  shall  be  made  in  writ- 
ing and  signed  by  not  less  than  ten  Members,  and  shall  be  acted  upon  in 
the  following  manner : 

The  amendments  shall  be  presented  to  the  Secretary,  who  shall  send 
a  copy  of  same  to  each  member  of  the  Board  of  Direction  as  soon  as 
received.  If  at  the  next  meeting  of  the  Board  of  Direction  a  majority 
of  the  entire  Board  are  in  favor  of  considering  the  proposed  amend- 
ments, the  matter  shall  then  be  submitted  to  the  Association  for  letter- 
ballot,  and  the  result  announced  by  the  Secretary  at  the  next  Annual 
Convention.  In  case  two-thirds  of  the  votes  received  are  affirmative,  the 
amendments  shall  be  declared  adopted  and  become  immediately  effective. 


GENERAL  INFORMATION. 

(Subject   to  change   from   time   to   time  by  Board  of  Direction.) 

GENERAL    RULES    FOR    THE    PREPARATION,    PUBLICATION 
AND  CONSIDERATION  OF  COMMITTEE  REPORTS. 

(a)     appointment  of  committees  and  outline  of  work. 

Standing  Committees. 

1.  The  following  are  Standing  Committees: 

I.  Roadway. 

II.  Ballast. 

III.  Ties. 

IV.  Rail. 
V.  Track. 

VI.  Buildings. 

VII.  Wooden  Bridges  and  Trestles. 

VIII.  Masonry. 

IX.  Signs,  Fences  and  Crossings. 

X.  Signals  and  Interlocking. 

XI.  Records   and  Accounts. 

XII.  Rules  and  Organization. 

XIII.  Water  Service. 

XIV.  Yards  and  Terminal. 
XV.  Iron  and  Steel  Structures. 

XVI.  Economics  of  Railway  Location. 

XVII.  Wood  Preservation. 

XVIII.  Electricity. 

XIX.  Conservation  of  Natural  Resources. 

XX.  Uniform  General  Contract  Forms. 

XXI.  Economics  of  Railway  Operation. 

XXII.  Economics  of  Railway  Labor, 

Special   Committees. 

2.  Special  Committees  will  be  appointed  from  time  to  time,  as  may 
be  deemed  expedient,  in  the  manner  prescribed  by  Article  VII,  Clause 
14,  of  the  Constitution. 
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Personnel  of  Committees. 

3.  The  personnel  of  all  Committees  will  continue  from  year  to 
year,  except  when  changes  are  announced  by  the  Board  of  Direction. 
Ten  per  cent,  of  the  membership  of  each  Committee  shall  be  changed 
each  year. 

Members  of  committees  who  do  not  attend  meetings  of  committees 
during  the  year  or  render  service  by  correspondence  will  be  relieved  and 
the  vacancies  filled  by  the  Board  at  the  succeeding  Annual  Convention. 

Outline   of  Work. 

4.  As  soon  as  practicable  after  each  Annual  Convention  the  Board 
of  Direction  will  assign  to  each  Committee  the  important  questions 
which,  in  its  judgment,  should  preferably  be  considered  during  the  cur- 
rent year.  Committees  are  privileged  to  present  the  results  of  any 
special  study  or  investigation  they  may  be  engaged  upon  or  that  may  be 
considered   of   sufficient    importance   to   warrant   presentation. 

General  (B)     preparation  of  committee  reports. 

5.  The  collection  and  compilation  of  data  and  subsequent  analysis 
in  the  form  of  arguments  and  criticism  is  a  necessary  and  valuable  pre- 
liminary element  of  committee-work. 

Collection   of   Data. 

6.  Committees  are  privileged  to  obtain  data  or  information  in  any 
proper  way.  If  desired,  the  Secretary  will  issue  circulars  of  inquiry, 
which  should  be  brief  and  concise.  The  questions  asked  should  be  spe- 
cific and  pertinent,  and  not  of  such  general  or  involved  character  as  to 
preclude  the  possibility  of  obtaining  satisfactory  and  prompt  responses. 
They  should  specify  to  whom  answers  are  to  be  sent,  and  should  be  in 
such  form  that  copies  can  be  retained  by  persons  replying  either  by 
typewriter  or  blueprint. 

Plan  of  Reports. 

7.  Committee  reports  should  be  prepared  as  far  as  practicable  to 
conform   to   the    following   general   plan : 

(a)  It  is  extremely  important  that  every  Committee  should  examine 
its  own  subject-matter  in  the  "Manual"  prior  to  each  Annual  Convention, 
and  revise  and  supplement  it,  if  deemed  desirable,  giving  the  necessary 
notice  of  any  recommended  changes  in  accordance  with  Clause  6  (a)  ol 
the  General  Rules  for  the  Publication  of  the  "Manual*  li  no  changes 
are  recommended,  itatemenl  should  be  made  accordingly. 
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(b)  When  deemed  necessary,  the  previous  report  should  be  reviewed. 

(c)  Subjects  presented  in  previous  reports  on  which  no  action 
was  taken  should  be  resubmitted,  stating  concisely  the  action  desired.  It 
may  not  be  necessary  to  repeat  the  original  text  in  the  report,  reference 
to  former  publication  being  sufficient,  unless  changes  in  the  previously 
published  version  are  extensive.  Minor  changes  can  be  explained  in  the 
text  of  the  report. 

Definitions. 

(d)  Technical  terms  used  in  the  report,  the  meaning  of  which  is 
not  clearly  e>tablished,  should  be  denned,  but  defined  only  from  the 
standpoint  of  railway  engineering. 

History. 

(e)  If  necessary,  a  brief  history  of  the  subject-matter  under  dis- 
cussion, with  an  outline  of  its  origin  and  development,  should  be  given. 
Analysis. 

(f)  An  analysis  of  the  most  important  elements  of  the  subject- 
matter  should  be  given. 

Argument. 

(g)  The  advantages  and  disadvantages  of  the  present  and  recom- 
mended  practices   should  be   set   forth. 

Illustrations. 

(h)  Illustrations  accompanying  reports  should  be  prepared  so  that 
they  can  be  reproduced  on  one  page.  The  use  of  folders  should  be 
avoided  as  much  as  possible,  on  account  of  the  increased  expense  and  in- 
convenience in  referring  to  them.  Plans  showing  current  practice,  or 
necessary  for  illustration,  are  admissible,  but  those  showing  proposed 
definite  design  or  practice  should  be  excluded.  Recommendations  should 
be  confined  to  governing  principles. 

Illustrations  should  be  made  on  tracing  cloth  with  heavy  black  lines 
and  figures,  so  as  to  stand  a  two-thirds  reduction;  for  example:  To  come 
within  a  type  page  (4  inches  by  7  inches),  the  illustration  should  be  made 
three  times  the  above  size. 

To  insure  uniformity,  the  one-stroke,  inclined  Gothic  lettering  is 
recommended. 

Photographs  should  be  clear  and  distinct  silver  prints. 
Conclusions. 

(i)  The  conclusions  of  the  Committee  which  are  recommended  for 
publication   in   the   Manual   should  be  stated   in   concise  language,  logical 
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sequence,  and  grouped  together,  setting  forth  the  principles,  specifications, 
definitions,  forms,  tables  and  formulas  included  in  the  recommendation. 
Portions  of  the  text  of  the  report  which  are  essential  to  a  clear  inter- 
pretation and  understanding  of  the  conclusions,  should  be  included  as 
an  integral  part  thereof. 

(c)       PUBLICATION    OF    COMMITTEE    REPORTS. 

Reports  Required. 

8.  (a)  Reports  will  be  required  from  each  of  the  Standing  and 
Special  Committees  each  year. 

(b)  Although  several  subjects  may  be  assigned  to  each  Committee 
by  the  Board  of  Direction,  a  full  report  on  only  one  subject  is  expected 
at  each  Annual  Convention,  but  the  preliminary  work  on  some  of  the 
remaining  subjects  should  be  in  progress,  and,  when  deemed  advisable, 
partial  reports  of  progress  should  also  be  presented.  This  method  allows 
time  for  their  proper  preparation  and  consideration. 
Date   of   Filing   Reports. 

9.  Committee  reports  to  come  before  the  succeeding  convention  for 
discussion  should  be  filed  with  the  Secretary  not  later  than  November 
30th  of  each  year. 

10.  Committees  engaged  upon  subjects  involving  an  extended  investi- 
gation and  study  are  privileged  to  present  progress  reports,  giving  a 
brief  statement  of  the  work  accomplished,  and,  if  deemed  expedient,  a 
forecast  of  the  final  report  to  be  presented. 

Publication  of  Reports. 

11.  Committee  reports  will  be  published  in  the  Bulletin  in  such 
sequence  as  the  Board  of  Direction  may  determine,  for  consideration  at 
the  succeeding  convention.  Reports  will  be  published  in  the  form  pre- 
sented by  the  respective  Committees.  Alterations  ordered  by  the  conven- 
tion will  be  printed  as  an  appendix  to  the  report. 

Written   Discussions. 

12.  Committees  should  endeavor  to  secure  written  discussions  of 
published  reports.  Written  discussions  will  be  transmitted  to  the 
respective  Committees,  and  if  deemed  desirable  by  the  Committee,  the 
discussions  will  be  published  prior  to  the  convention  anil  bo  considered 
in   connection   with   the   report. 

Verbal    Discussions. 

13.  Each  speaker's  remarks  will  be  submitted  to  him  in  writing 
before  publication  in  the  Proceedings,  for  the  correction  of  diction  anil 
errors  of  reporting,  but  not  for  the  elimination  of  remarks. 
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(d)     consideration  of  committee  reports. 
Sequence. 

14.  The  sequence  in  which  Committee  reports  will  be  considered  by 
the  convention  will  be  determined  by  the  Board  of  Direction. 

Method. 

15.  The  method  of  consideration  of  Committee  report-  will  be  one 
of  the  followin 

Reading  by  title. 
(In     Reading,   discussing   and  acting   upon  each  conclusion   sep- 
arately. 
I     By    majority    vote,    discussion    will    lit-    had   on    each    item. 
Clauses   not   objected   to   when    read   will   be   considered 
as  voted  upon  and  adopted. 
Final   Action. 

16.  Action  by  the  convention  on  Committee  reports  will  be  one  oi 
the   following,  after  discussion  is  closed: 

(a)     Receiving  as  information. 

(h)     Receiving  as  a  progress  report. 

Adoption    of    a    part    complete    in    itself    and    referring    re- 
mainder hack  to  Committee. 
( <1 )     Adoption  as  a  whole. 
(e)      Recommittal  with  or  without  instruction-. 
(  i  )     Adoption  as  a  whole. 
(g)     Recommendation  to  publish  in  the  Manual. 
Note.  -An  amendment  which  affects  underlying  principle-,  it  adopted, 
shall    of    itself   constitute    a    recommittal    oi    such    part    of   the    report   as 
ili'    '  lommittee  considers  affected. 

The  (  hair  will  decline  to  entertain  amendments  which  in  his  opinion 
lie  entirely  within  the  duties  of  the  Editor. 

(I  )       PUBLICATION    BY    TECHNICAL   JOURNALS. 

The  fellowing  rules  will  govern  the  releasing  of  matter  for  publica- 
tion in  technical  journal-  : 

Committee  reports,  requiring  action  by  the  Association  at  the  annual 
convention,  will  not  be  released  until  after  presentation  to  the  conven- 
tion; special  article-,  contributed  by  members  and  others,  on  which  no 
action  by  the  Association  i-  necessary,  are  to  be  released  For  publication 
by  the  technical  journal-  alter  issuance  in  the  Bulletin;  provided,  appli- 
cation therefor  i-  made  in  writing  and  proper  credit  be  given  the  Asso- 
ciation, authors  or  Committees  presenting  such  material. 


GENERAL  RULES  FOR  THE  PUBLICATION  OF  THE 
"MANUAL." 

Title. 

1.  The  title  of  the  volume  will  be  "Manual  of  the  American  Railway 
Engineering  Association." 

2.  The  Board  of  Direction  shall  edit  the  Manual  and  shall  have 
authority  to  withhold  from  publication  any  matter  which  it  shall  con- 
sider as  not  desirable  to  publish,  or  as  not  being  in  proper  shape,  or  as  not 
having   received   proper   study   and   consideration. 

Adoption  of  Reports  Not  Binding. 

3.  Matters  adopted  by  the  Association  and  subsequently  published 
in  the  Manual  shall  be  considered  in  the  direction  of  good  practice,  but 
shall  not  be  binding  on  the  members. 

Contents. 

4.  The  Manual  will  only  include  conclusions  relating  to  definitions, 
specifications  and  principles  of  practice  as  have  been  made  the  subject  of 
a  special  study  by  a  Standing  or  Special  Committee  and  embodied  in  a 
Committee  report,  published  not  less  than  thirty  days  prior  to  the  Annual 
Convention,  and  submitted  by  the  Committee  to  the  Annual  Convention, 
and  which,  after  due  consideration  and  discussion,  shall  have  been  voted 
on  and  formally  adopted  by  the  Association.  Subjects  which,  in  the 
opinion  of  the  Board  of  Direction,  should  be  reviewed  by  the  American 
Railway  Association,  may  be  referred  to  that  Association  before  being 
published  in  the   Manual. 

5.  All  conclusions  included  in  the  Manual  must  be  in  concise  and 
proper  shape  for  publication,  as  the  Manual  will  consist  only  of  a  summary 
record  of  the  definitions,  specifications  and  principles  of  practice  adopted 
by  the  Association,  with  a  brief  reference  to  the  published  Proceedings 
of  the  Association  for  the  context  of  the  Committee  report  and  subsequent 
discussion  and  the  final  action  of  the  Association. 

Revision. 

6.  Any  matter  published  in  the  Manual  may  be  amended  or  with- 
drawn by  vote  at  any  subsequent  Annual  Convention,  provided  such  changes 
are  proposed  in  time  for  publication  not  less  than  thirty  days  prior  to 
(he  Annual  Convention,  and  in  the  following  tnannei  :     <.i)  Upon  recom 
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mendation  of  the  Committee  in  charge  of  the  subject;  (b)  upon  recom- 
mendation of  the  Board  of  Direction;  (c)  upon  request  of  five  members, 
made   to  the   Board   of   Direction. 

7.  The  Manual  will  be  revised  either  by  publishing  a  new  edition  or 
a  supplemental  pamphlet  as  promptly  as  possible  after  each  Annual  Con- 
vention. 


BUSINESS    SESSION 


PROCEEDINGS 


The  object  of  this  Association  is  the  advancement  of   knowledge  pertaining  to  the 

scientific  and  economic  location,  construction,  operation,  and  maintenance 

of  railways.     Its  action  is  not  binding  upon  its  Members. 


TUESDAY,  MARCH   19,  1918. 
MORNING  SESSION. 

The  Nineteenth  Annual  Convention  of  the  American  Railway  En- 
gineering Association  was  called  to  order  in  the  Florentine  Room  of  the 
Congress  Hotel,  Chicago,  at  9 :30  a.  m.,  by  the  President,  John  G.  Sul- 
livan, Chief  Engineer,  Western  Lines,  Canadian  Pacific  Railway. 

The  President : — The  Nineteenth  Annual  Convention  of  the  American 
Railway  Engineering  Association  is  now  declared  open  for  the  transac- 
tion of  business. 

The  first  order  of  business  is  the  reading  of  the  Minutes  of  the  last 
Annual  Meeting.  Tliese  Minutes  are  quite  voluminous,  and  as  they  have 
been  furnished  to  each  Member,  unless  there  is  objection,  they  will  be 
considered  approved.  There  being  no  objection,  the  Minutes  will  stand 
approved  as  printed. 

The  privileges  of  the  floor  are  extended  to  any  railway  officials  pres- 
ent who  are  not  members  of  the  Association;  also,  to  Professors  of  Col- 
leges and  Universities,  and  they  are  cordially  invited  to  enter  into  the  dis- 
cussions. We  would  also  be  glad  if  any  Government  officials  who  may 
be  present,  representing  any  of  the  departments,  would  take  part  in  the 
discussions  of  the  reports. 

The  next  order  of  business  is  the  Address  of  the  President.  This 
address  is  somewhat  different  from  the  usual  lines,  and  instead  of  dealing 
primarily  with  the  affairs  of  the  Association,  it  will  deal  with  some  ques- 
tions of  public  interest,  and  the  Chair  believes  that  the  matter  presented 
in  the  address  will  justify  this  departure  from  the  usual  practice. 

PRESIDENT'S  ADDRESS 
Fellow-Members: 

Since  we  last  met  in  this  auditorium,  events  have  occurred  in  tins 
country  of  such  world-wide  importance  thai  ordinary  problems,  business 
and  occupations  arc  more  or  lc^s  disorganized.  It  i--  therefore  gratifying 
to  see  such  a  large  assembly  at  this,  the  nineteenth  annual  meeting',  of 
your  Association.  It  is  an  evidence  that  you  have  come  here  determined 
to  do  what  you  can  to  help  solve  the  all  important  problem  of  winning 

the  war.      What   our  members  arc  doing  in  the   ser\  ice  of   their  COUntfJ    IS 

indicated  bj  this  Service  Flag  you  see  before  you;  and  what  yout  Com 
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mittces  have  done  during   the  year  you   will   better  appreciate  by  an  in- 
spection   of   their   reports. 

I  propose  to  somewhat  vary  my  address  from  the  usual,  and,  instead 
of  devoting  as  much  time  as  I  possibly  should  to  the  Assoication  affairs, 
1  am  K"i"^  to  discuss  a  subject  that  is  rather  foreign  to  engineering,  and 
that  is  politics,  and  before  I  finish,  I  think  I  will  have  made  my  reason 
for  this  deviation  plain  to  all. 

ASSOCIATION    AFFAIRS. 

The  statistics  of  the  Association's  affairs  will  be  given  to  you  in  the 
tary*s  and  Treasurer's  reports.  The  financial  affairs  of  the  Associa- 
tion are  sound.  Our  working  expenses  have  been  kept  within  our  receipts, 
notwithstanding  the  fact  that  we  are  remitting  the  dues  of  the  Members 
who  are  serving  their  country.  The  Association  has  shown  its  patriotism 
by  the  purchase  of  Liberty  Bonds  and  also  by  the  purchase  of  a  Victory 
Bond  of  $1000  issued  by  the  Dominion  of  Canada,  and  I  know  that  our 
Canadian  Members  appreciate  this  courtesy  and  the  confidence  that  you 
have  placed  in  that  country 

ENGINEERING   WORKS. 

Among  the  notable  engineering  works  completed  during  the  past  year 
is  that  of  the  Quebec  Bridge,  spanning  the  St.  Lawrence  River  in  Can- 
ada. The  Engineering  profession  has  been  kept  informed  as  to  the 
details  of  this  stupendous  undertaking  through  the  pages  of  technical 
journals — of  the  difficulties  encountered,  the  discouragements  and  the 
final  triumph — and  it  is  therefore  unnecessary  to  repeat  here  the  history 
of  this  great  work.  It  is  gratifying  to  record,  however,  that  five  members 
of  your  Association  have  been  prominently  identified  with  the  Quebec 
Bridge — Lieut-Col.  C.  N.  Monsarratt,  Chairman  of  the  Board  and  Chief 
Engineer;  Ralph  Modjeski  and  the  late  C.  C.  Schneider,  Consulting  En- 
gineers; Phelps  Johnson,  President,  and  F.  P.  Shearwood,  Assistant 
Engineer,  Dominion  Bridge  Company. 

In  view  of  the  highly  important  part  that  aviation  has  played  in  the 
m  world  war  it  may  not  be  out  of  place  to  recall  that  to  a  member 
of  your  Association — the  late  Octave  Chanute — is  due  a  large  measure  of 
thi  credit  for  the  successful  accomplishment  of  this  new  mode  of  trans- 
portation 

LABOR   CONDITIONS. 

One  "I  the  most  serious  problems  that  the  railroads  on  this  Continent 
will  have  to  meet  in  the  next  year  is  that  of  Labor.  Committee  XXII. 
studying  the  question  of  Economics  of  Railway  Labor,  has  prepared  for  a 
very  full  discussion  of  tlii^  serious  problem  and  it  is  hoped  that  all  mem- 
bers of  tin  Association  will  be  present  at  this  discussion,  beginning 
Wednesdaj   mi  'ruing. 

On    behalf    of    the     Association,    your    President    invited    the    Oirector- 

General  of   Railroads,  the   Hon.  William  (..  McAdoo,  to  semi  a  repre- 
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sentative  to  take  part  in  this  discussion.     Mr.  McAdoo  replied  in  part  as 

follows : 

"While  I  appreciate  the  suggestion  and  recognize  the 
"value  of  a  discussion  of  this  character,  my  organiza- 
tion has  not  been  expanded  to  a  point  where,  at  this 
"time,  anyone  can  be  spared.  I  hope  you  will  have  a 
"very  successful  meeting.'' 

THE   RAILWAY    SITUATION    AND    POLITICS. 

A  study  of  the  railway  situation  for  the  past  thirty  years  in  the 
United  States  indicates  that  the  boom  year  for  construction  was  some 
thirty  years  ago,  when  nearly  13,000  miles  of  new  railways  were  con- 
structed in  the  year  1887.  In  the  years  1894  to  1897  this  rate  of  construc- 
tion dropped  to  less  than  2000  miles  per  annum.  From  1900  to  1907  the 
average  was  about  5000  miles  per  annum — a  gradual  decrease  from  that 
time  until  1917,  when  the  construction  was  less  than  1000  miles. 

In  Canada,  the  rate  of  construction  1901  to  1904  averaged  about  500 
miles.  This  rate  gradually  increased  until  1913,  when  it  reached  a  max- 
imum of  3000  miles.  It  has  decreased  from  that  time  until  the  present 
and  the  track  mileage  last  year  was  actually  decreased  on  account  of  some 
lines  taken  up ;  the  steel  being  shipped  to  France. 

During  the  past  ten  years  in  Canada  we  have  not  suffered  through 
adverse  railway  legislation  or  regulation,  but  on  the  contrary  the  people 
and  the  country  are  suffering  from  the  encouragement  of  legislation  to 
this  unnatural  rapid  development,  resulting  in  the  expenditure  of  enor- 
mous sums  of  money  and  the  building  of  unnecessary  railways — railways 
that  canno^  for  the  present,  or  any  time  in  the  near  future,  pay  operating 
expenses,  to  say  nothing  of  paying  interest  on  the  investment. 

The  annual  report  of  the  Department  of  Railways  and  Canals  of 
Canada  to  March  31,  1916,  shows  that  for  the  nine  years  beginning  with 
1907  the  Government  bad  expended  on  Government  railway  construction 
over  $22,000,000  per  year.  The  working  expenses  during  this  same  period 
exceeded  their  revenues  by  $2,(X)0,000,  and  at  the  present  time  the  work- 
ing expenses  are  considerably  over  $1,000,000  per  year  greater  than  the 
revenues.  In  addition  to  this  expenditure  made  directly  by  the  Govern 
ment,  the  Federal  Government  and  the  Provincial  Governments  have 
guaranteed  tin-  interest  on  bond-  up  to  a  sum  between  three-quarters  of  a 

billion    and   one   billion    dollars,   and   during    this   same   period  of   time   the\ 

have  also  granted  large  Mini-  of  money  in  the  way  of  subsidies  to  pri\ 
at<  1\  owned  railways;  some  Provincial  Governments  going  -<>  far  a-  to 
get  wealth}  contractors  to  organize  railway  companies  (tempted, no doubl 
by  the  hope  of  profits  on  construction)  and  to  build  railways  where  the 
present  transportation  companies  of  Canada  could  not  be  induced  to  build, 
even  though  the  bomb  might  be  guaranteed  by  tin  Government.  Would  it, 
therefore,  l>e  an)  en  at  surprise,  if  assuming  this  meat  world  war  was  not 
being  carried  mi,  public  opinion  regarding  railways  as  represented  by 
legislation  would  not  show  signs  of  modification  in  Canada  and  it  we 
should  hear  threats  of  anti  railwaj   legislation  of  the  mosl  radical  char- 
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acter?     Nevertl  already  explained,  the  railway  troubles  of  Can- 

ada are  not  due  any  more  to  the  efforts  of  railway  promoters  and  builders 
than  i"  an  uninformed  and  oversanguine  public  opinion.    Is  it  not  logical 

ime  that  similar  boom  conditions  existed  in  the  United  States  prior 
to  the  year  1887?  Then  was  created  the  Interstate  Commerce  Commis- 
sion; then  followed  the  numerous  State  Commissions.  A  study  of  the 
Interstate  Commerce  Commission  reports  show  that  for  the  past  thirty 
years  only  in  two  or  three  years  did  the  dividends  paid  on  stocks  of 
railway  companies  amount  to  over  5  per  cent,  on  the  total  issue,  while 
for  six  or  -even  years  the  interest  was  less  than  1  per  cent,  and  that 
never  in  that  time  has  over  68  per  cent,  of  the  stocks  paid  dividends,  and 
there  were  years  when  less  than  30  per  cent,  of  the  railway  stocks  of  the 
United  States  paid  dividends.  These  reports  also  show  that  the  interest 
on  tin  bonded  indebtedness  never  amounted  to  5  per  cent,  and  there  was 
always  a  considerable  percentage  of  bonds  which  paid  no  interest;  they 

low  that  by  either  comparing  the  tons  of  freight  handled,  or  more 
properly,  the  tons  of  freight  carried  one  mile,  the  buisness  of  the  country 
has  increased  nearly  twice  as  fast  as  the  capital  invested.  Further  they 
show  that  the  number  of  cars  and  locomotives  in  service  have  not  kept 
pace  with  the  business.  We  must,  of  course,  take  into  account,  in  con- 
sidering this  factor,  the  increased  weight  of  the  individual  locomotive 
and  the  increased  capacity  of  the  cars.  These  reports  also  indicate  that 
the  miles  of  track  have  not  increased  anything  like  the  rate  of  increase  in 
business,  but  more  significant  is  the  rate  of  increase  of  sidings  and  yards. 
The  reports  do  not  separate  passing  sidings  from  terminal  yards  and 
other  business  yards,  but  when  we  consider  the  necessarily  large,increase 
in  amount  of  passing  sidings  required  for  an  increase  in  business  it  is 
self-evident  that  the  increase  in  terminals  and  business  tracks  has  not 
kept  pace  with  increased  traffic.  To  illustrate  the  necessity  for  increase 
in  passing  sidings,  if  we  assume  an  operating  division  of  say  130  miles 
and  have  only  one  train  each  way  per  day:  by  placing  the  trains  on  a 
regular  schedule  the  division  might  be  operated  with  only  one  passing 
siding,  as  there  would  be  only  one  meet.  If  the  traffic  was  increased  to 
four  trains  in  each  direction  in  the  space  of  time  it  took  a  train  to  go 
over  the  division,  there  would  he  sixteen  meets.  This  traffic  could  not  be 
handled  with  Eour  passing  sidings.  It  might  not  require  sixteen,  but  it  is 
plain  to  an}  railroad  man  that  the  necessary  rate  of  increase  in  passing 
siding  l-  greater  than  tlie  rate  of  increase  in  business,  and  to-day  we 
find  congestion,  embargo  and  a  complaint  of  a  shortage  of  railway  equip- 
ment and  facilities  on  a  greal  many  of  the  railway  lines.  It  may  seem 
strange  to  you  that  1  should  bring  up  this  subject  at  this  time  when  the 
"house  is  on  tire"  and  when  the  Government  has  stepped  in  and  has 
asked  all  hands  to  aid  in  putting  out  the  fire,  making  no  reference  to  what 
has  caused  the  trouble,  it  onlj  being  intimated  by  a  very  few  discredited 
radicals  that  tin  railwaj  nun  were  to  blame  for  the  setting  of  the  fire. 
It  is  generally  conceded  that  lack  of  capital  has  been  the  cause  of  the 
difficulty,  and  that  capital  has  been  frightened  away  by  anti-railway  legis- 
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lation  and  regulation.  A  great  many  are  apt  to  blame  our  Governments 
for  this  condition,  when  as  a  matter  of  fact  it  is  you  and  I,  citizens  and 
voters  of  this  country — the  responsible  parties — who  are  actually  to  blame, 
cuicl  it  is  for  this  reason  that  I  have  brought  up  the  subject  and  wish  to 
discuss  politics.  I  wish  to  emphasize  that  we  Engineers  as  a  body  are 
more  to  blame  than  any  other  class  of  men,  fur  the  reason  that  we  take 
less  interest  in  public  affairs  than  any  other  class. 

Another  reason  why  I  wish  to  discuss  this  subject  somewhat  further 
is  the  fact  that  if  we  do  not  win  this  war,  nothing  much  matters.  If, 
however,  as  we  all  hope,  Democracy  will  come  out  victorious,  then  our 
responsibilities  will  be  the  greater  and  we  must  meet  those  responsibil- 
ities with  courage  and  do  our  duty  as  men. 

Now,  to  make  my  meaning  a  little  more  clear,  I  will  ask  you  to 
consider  how  you  railway  men  would  think  the  railways  of  the  country 
would  be  managed  if  they  were  operated  by  office-seekers  rather  than  by 
men  chosen  on  account  of  their  ability  and  fitness.  1  venture  to  say 
that  there  are  very  few  Chief  Engineers  in  this  room  who  did  not  protest 
at  their  first  promotion  to  take  charge  of  a  location  party  or  a  party  on 
construction.  I  further  venture  to  say  that  there  is  not  a  Locating  En- 
gineer in  this  room  who  at  some  time  did  not  have  the  experience  of 
having  a  rodman  or  stakeman  mistaken  for  the  chief  of  the  party,  and 
I  will  go  further  and  say  that  if  his  party  had  been  a  political  organiza- 
tion the  chances  are  ten  to  one  that  the  said  rodman  or  stakeman  would 
have  been  in  charge.  Only  the  other  day  I  asked  a  prominent  citizen  of 
a  town  in  Western  Canada  how  it  happened  that  a  certain  man  had  been 
elected  as  Member  of  Parliament.  His  reply  was,  "He  was  not  as  well 
known  as  the  other  fellows."  Every  railway  man  should  realize  that  his 
own  welfare  depends  on  the  welfare  of  the  country  and  the  company  he 
serves,  whether  he  he  section  laborer,  Chief  Engineer,  or  President,  and 
he  should  take  the  same  interest  in  selecting'  representatives  to  the  legis- 
lature, who  make  laws  controlling  the  actions  of  railways,  as  he  would 
selecting  Directors  of  a  railroad  company  if  he  were  a  stockholder. 

Now,  in  conclusion,  let  me  impress  on  your  mind  the  necessity  of 
taking  an  active  interest  in  public  affairs,  not  alone  in  going  to  the  polls 
and  voting  for  the  least  objectionable  office-seeker,  hut  by  taking  an  active 
interest  in  the  selection  of  the  candidates  and,  if  necessary,  sacrifice  time 
and  other  interests  to  become  yourselves  public  officials,  it'  called  upon  to 
do    SO,   remembering   that    when    this    war    is   over   the    responsibility    placed 

on  the  voters  of  democracies  will  be  greatly  increased  and  especially  so 
in  the  l  nited  States,  where  you  have  gone  one  step  farther  than  demo 
cratic   Canada    and   other    less    radical    democracies,    bj    the    tact    that    you 
ii,, i  ,,nl\   eleel  your  legislative  bodies,  hut  you  also  elect  In   popular  vote 
your  judiciary  and  executive  officers     And  realize  further,  that  you  need 

honest,    intelligent    and    capable    representatives    more       in    times    of    pros 

peritj  than  you  do  in  times  ,,i  adversity.    In  the  meantime,  lei  us  all  join 

hands  with  the  Government,  put  out  shoulders  to  the  wheel,  and  do  all 
in    our    power    t"    »m    this    war    l,,r     freedom    and    democracy,    and    alter 
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victory,  let  us  then  not  shirk  cur  duty,  but  assume  the  responsibilities 
of  self-government,  making  sacrifices  where  necessary  and  thereby  mak- 
ing Democracy  a  real  success.     (Applause.) 

I  hi  President :— The  next  order  of  business  is  the  reading  of  reports 
of  the  Secretary  and  of  the  Treasurer. 

Secretary  E.  II.  Fritch  presented  the  following  reports  of  the  Secre- 
tary and  of  the  Treasurer: 

REPORT  O/F  THE  SECRETARY. 

To  the  Members  of  the  Association: 

Tlie  following  report  on  the  general  affairs  of  the  Association  for 
the  past  year  is  respectfully  submitted: 

Membership. 

Number  of  members  last  annual   report 1370 

Admitted  during  the  vear    80 

Deaths    8 

Resigned    29 

Dropped     26 

63     63 

Net  gain   for  the  year 17  17 

Total    Membership    1387 

Members   in    Military   Service. 

One  hundred  and  three  members  of  the  Association  are  in  military 
service  of  the  United  States,  Great  Britain  or  with  the  Canadian  Ex- 
peditionary forces  in  France. 

iptain  L.  V.  Manspeaker,  U.  S.  R.,  died  on  February  9,  1917. 

Deceased    Members. 

The  losses  by  death  during  the  year  were  as   follows: 
A     H.   Stead  James    Burke 

Prop.  C.  I-.  Crandall  W.   S.    Danes 

I.    V   Davenport  C.  \V.  Beam 

Capt.  L.  V.  Manspeaker,  U.  S.  R.      G.  F.  Cotter 

Finances. 

By  reference  to  the  Financial  Statement  it  will  be  noted  that  the  cash 
balance  on  hand  at  the  end  of  the  fiscal  year,  December  31,  1917,  was 
$30,894.48. 

Ycair  Association  during  the  past  year  has  subscribed  for  $3500  of 
United  States  Liberty  Bonds  and  $1000  of  the  Canadian  Victory  Loan 
Bonds. 

Publications. 

In  addition  to  the  usual  number  of  Bulletins  and  the  annual  volume 
of  the  Proceedings,  issued  during  the  year,  the  General  Index  to  the  Pro- 
ceedings  lias  also  been  published.  This  latter  publication  will  make  the 
vast  amount  of  data  in  the  several  volumes  more  readily  accessible. 
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Con.mittee    Reports. 

The  reports  presented  for  your  consideration  by  the  respective  Stand- 
ing and  Special  Committees  are  of  great  value  and  interest,  and  will  add 
materially  to  the  common  fund  of  knowledge. 

Taking  cognizance  of  the  prevailing  conditions,  several  of  the  Com- 
mittees have  submitted  information  that  is  of  distinct  service  to  the  rail- 
ways and  to  the  Government  at  the  present  time. 

The  Chairmen,  Vice-Chairmen  and  members  of  the  several  Commit- 
tees are  to  be  commended  for  their  good  work  during  the  past  year,  more 
particularly  in  view  of  the  fact  that  such  work  has  been  performed  under 
difficulties  due  to  the  war  conditions. 

Respectfully  submitted, 

E.  H.  FRITCH,  Secretary. 
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FINANCIAL    STATEMENT    FOR    CALENDAR    YEAR    ENDING 

DECEMBER  31,   1917. 

Balance  on  hand  January  1,  1917 $30,809.38 

RECEIPTS. 
Membership  Account 

Entrance  Fees   $  1,130.00 

Dues    5,538.50 

Subscriptions  to  Bulletin 5,538.50 

Binding  Proceedings   and   Manual 620.30 

Badges    22.00 

Sales  of  Publications 

Proceedings     4,068.88 

Bulletins     708.79 

Manual    • 1,159.00 

Specifications    68.90 

Leaflets    134.35 

General  Index    346.25 

Advertising 

Publications  2,835.80 

Interest  Account 

Investments    562.50 

Bank  Balance 122.91 

Annual    Meeting 

Sales  of  Dinner  Tickets  1,032.50 

Miscellaneous  19.48 

American   Railway  Association 

Rail  Committee  5,659.20 

Total    $29,567.86 

DISBURSEMENTS. 

Salaries    $  5,962.66 

Proceedings    5,607.90 

Bulletins    5,039.89 

Manual    43.20 

General  Index   1,134.78 

Miscl.  Stationery  and  Printing 499.82 

Rents    1,140.02 

Light   30.40 

Telephone  and  Telegrams 147.47 

Equipment    57.50 

Supplies    , 396.26 

Expressage    518.96 

Postage    786.27 

Exchange   56.25 

Audit    200.00 

Impart  Tests  on  Electrified  Railways 250.99 

Annual   Meeting   Expenses 1,819.80 

Miscellaneous  116.39 

Rail  Committee   5,674.20 

Total    $29,482.76 

Excess  of   Receipts   over    Disbursements $        85.10 

Balance  on  hand.  December  31,  1917 $30,894.48 

Consisting  of: 

Railroad   Bonds  $25,674.67 

Lit..  ids    2,500.00 

Canadian    Victory    Rond 991.09 

Cash  In  S.   T.   &■  S.    Hank 1, 80S. 83 

Tetty  Cash   Fund   In   Secretary's  office...  25.00 

$30,894.48 
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STRESSES  IN  TRACK  FUND. 

Balance  on  hand  January  1,  1917 $  4,126.36 

Received  from  Interest  during  1917 110.39 

$  4,236.75 
Disbursements   $  1,547.78 

Balance  of  fund  on  hand  in  Standard  Trust  &  Savings 

Bank,  December  31,  1917 $  2,688.97 

Respectfully  submitted, 

BOARD  OF  DIRECTION. 

REPORT   OF  THE   TREASURER. 

Balance  on  hand  January  1,  1917 $30,809.38 

Receipts  during  1917 $29,567.86 

Paid  out  on  audited  vouchers  during  1917. .   29,482.76 

Excess  of  Receipts  over  Disbursements $        85.10 

Balance  on  hand  December  31,  1917 $30,894.48 

Consisting  of: 

Railroad  Bonds   $25,574.57 

Liberty    Bonds    2,500.00 

Canadian   Victory   Bond 991.08 

Cash  in  S.  T.  &  S.  Bank 1,803.83 

Petty  Cash  Fund  in   Secretary's  office...  25.00 

$30,894.48 

STRESSES   IN  TRACK    FUND. 

Balance  on  hand  January  1,  1917 $  4,126.36 

Received  from  Interest  during  1917 110.39 

Total    $  4,236.75 

Paid  out  on  audited  vouchers  during  1917 1,547.78 

Balance  of  fund  on  hand  December  31,  1917. $     2,688.97 

The  securities   listed  above  are   in  a   safety   deposit   box   of  the 
Merchants'  Loan  &  Trust  Safe  Deposit  Company,   Chicago. 
Respectfully  submitted, 

GEO.  H.  BREMNER, 

Treasurer. 

I  have  made  an  audit  of  the  accounts  of  the  American  Railway 
Engineering  Association  for  the  year  ending  December  31,  1917,  and 
find  them  in  accordance  with  the  foregoing  financial  Statements. 

CM  \S.  CAMPBELL, 

\nilitoi 

On  motion,  duly  carried,  tin-  reports  of  ili>'  Secretary  and  of  the 
Treasurer  were  approved. 
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GENERAL   BALANCE    SHEET. 
December  31,   1917. 

ASSETS.                                                                                                      1917.  1916. 

Due   I'nmi   Members $2,817.85  $1,792.85 

Due  from  Sales  of  Publications 1,421.17  1.609.90 

Due   from    Advertising    440.00  700.00 

Due  from   Amer.   Ry.  Assn.   (Rail  Committee) 431.66  416.66 

Furniture  and  Fixtures  (cost) 997.40  997.40 

Gold    Badges    67.50  76.50 

Publications  on  hand   (estimated) 6,000.00  5,000.00 

Extensometers    (estimated   value)    500.00  500.00 

I. iv.  st  m.  tits    29,065.65  25,574.57 

Interest  on   Investments    (accrued) 828.15  26.26 

Cash  in  Standard  Trust  &  Savings  Bank 1,803.83  5,209.81 

Petty  cash  fund   25.00  25.00 

Total     $44,398.21  $41,928.95 

LIABILITIES. 

Members'   dues  paid   in  advance $1,371.50  $3,329.50 

Impact  test  fund- on  electrified  railways 285.46  536.45 

Advertising  paid   in  advance 75.00 

Surplus     42,666.25  38,063.00 

Total    $44,398.21  $41,928.95 
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The  President : — We  are  met  to-day  under  different  conditions  to 
those  prevailing  a  year  ago,  and  in  the  judgment  of  the  Chair  we  should 
devote  our  hest  thought  and  action  to  solving  the  problems  of  railway 
transportation. 

We  have  a  long  program,  and  in  order  to  accomplish  all  we  have 
before  us  the  members  are  requested  to  be  prompt  in  attendance  at  the 
different  sessions.  By  being  on  time  at  the  meetings,  and  confining  re- 
marks to  the  subjects  in  hand,  it  is  believed  we  can  get  through  with  our 
program. 

Full  discussion  on  ever}-  subject  is  desired.  It  is  preferable  to  dis- 
pose of  one  subject  thoroughly  rather  than  to  skim  over  a  number  of 
topics  in  a  superficial  manner. 

It  is  an  unwritten  law  with  us  not  to  discuss  definitions  of  terms  or 
grammatical  or  simple  errors  on  the  floor  of  the  convention.  Members 
having  criticisms  along  these  lines  will  confer  a  favor  by  handing  such 
suggestions  as  they  may  have  to  the  Secretary,  and  they  will  be  submitted 
to  the  proper  committee  for  consideration. 

With  a  view  to  economy  in  printing  and  engraving,  a  number  of 
illustrations  have  been  omitted  from  the  printed  reports,  but  these  will 
be  shown  by  means  of  lantern  slides.  It  is  believed  that  this  method  will 
be  quite  as  acceptable  to  the  members,  and  lend  added  interest  to  the  dis- 
cussions and  to  the  meetings. 

The  Chair  asks  unanimous  consent  to  vary  from  the  published  pro- 
gram, and  to  substitute  for  the  report  on  Track,  scheduled  for  to-day, 
the  report  on  Rules  and  Organization,  placed  on  the  program  for  the 
last  day  of  the  convention.  The  chairman  of  the  Track  Committee,  Mr. 
Ray,  is  unable  to  be  with  us  on  account  of  ill-health,  and  the  request 
for  postponement  of  the  Track  Report  is  made  by  the  \  ice-Chairman,  Mr. 
Leighty,  and  the  Chair  hopes  the  request  of  the  Track  Committee  will  be 
agreeable  to  the  convention.  There  being  no  objection,  the  change  indi- 
cated will  be  made. 

The  first  Committee  report  to  be  taken  up  is  that  on  Signals  and  In- 
terlocking, Mr.  J.  A.  Peabody,  Signal  Engineer  of  the  Chicago  &  North- 
western Railway,  Chairman.  Mr.  IVabodv  will  present  the  report  and 
indicate  what  action  is  to  be  taken  on  it. 

(See  nport,  pp.  65-91;  discussion,  pp.  1077-1086.) 

The  President :— The  second  report  to  be  considered  is  that  '^  the 
Committee  on  Conservation  of  Natural  Resources.  In  the  absence  of 
the  Chairman,  Mr.  Voting,  the  Vice-Chairman,  Prof.  S.  NT.  Williams, 
will  present  the  report,  .nid  make  the  preliminary   statement. 

(See  report,  pp   187-206;  discussion,  pp.  1087  1089.) 

ai  II  RN00M    SI  BSION. 

The  President      The  first  business  at  this  afternoon  session  is  the 
consideration  of  the  report  of  the  Committee  on  Buildings     The  Chair 
man  of  the  Committee,   Mr.   M.    \    Long,    Assistant   to  Chief   Engineer, 
Baltimore  ft  Ohio  Railroad,  will  present  the  report  and  state  what  action 
the  (  i  immittee  desii  es  on  it  -  feport 
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report,  pp.  243-270;  discussion,  pp.  1090-1903.) 
The  President :— As  agreed  to  at  the  morning  session,  the  report  of 
the  Committee  <»n  Rules  and  Organization  lias  been  substituted  for  that 
on  Track  at  this  session,  and  it  will  be  presented  to  you  by  Mr.  A.  J. 
Mimes.  Engineer  of  Valuation  of  the  New  York,  Chicago  &  St.  Louis 
Railroad,  in  the  absence  of  both  the  Chairman  and  Vice-Chairman  of  the 
Committee.  Mr.  Himes  will  indicate  to  the  convention  what  action  is 
desired  on  the  report. 

(See  report,  pp.  763-776;  discussion,  pp.  1094-1098.) 
The  President: — The  report  of  the  Committee  on  Water  Service  will 
be  presented  by  the  Chairman,  Mr.  A.  F.  Dorley,  Engineer  Maintenance 
of   Way,  Missouri   Pacific  Railroad,  who  will  make  the  preliminary  state- 
ment. 

(See  report,  pp.  213-242;  discussion,  pp.   1099-1103.) 
The  President : — The  report  of  the  Committee  on  Records  and  Ac- 
counts will  be  submitted  by  the  Chairman,   Mr.   \Y.   A.   Christian,  of  the 
Bureau  of  Valuation,   interstate  Commerce   Commission.     Mr.   Christian 
will   indicate   what  action   the   convention   is   to   take   on   the   report. 
(See  report,  pp.  207-211;  discussion,  pp.   1104-1106.) 
The  President : — We  are  up  to  schedule  time,  and  the  Chair  suggests 
that  we  now  adjourn  to  give  members  an  opportunity  to  visit  the  exhibit 
of   the   National   Railway   Appliances  Association  at  the   Coliseum.     The 
exhibit  is   well   worth   your   careful   study   and  the  time   spent  in   visiting 
the  exhibit  will  be  amply  repaid  by  the  useful  and  practical  information 
to  be  gained. 

(The  meeting  adjourned  to  9:30  a.  m.  Wednesday.) 

WEDNESDAY,  MARCH  20,  1918. 
MORNING  SESSION. 

The  President : — As  suggested  by  the  Chair  yesterday,  we  have  a 
long  program,  and  in  order  to  make  progress,  members  are  requested  to 
confine  their  remarks  to  essentials  and  to  be  brief  and  concise  in  their 
discussions. 

rhese  remarks  arc  not  intended  to  discourage  discussions,  but  are 
intended  to  facilitate  the  dispatch  of  business  and  to  bring  out  discussion 
i in   vital  points. 

The  first  report  to  be  taken  up  at  this  session  is  that  of  the  Com- 
mittee on  Electricity,  of  which  Mr.  E.  B.  Katte,  Chief  Engineer  of  Elec- 
tric  Traction,  New  York  Central  Railroad,  is  Chairman.  Mr.  Katte  will 
present  tin-  report   and   make   the  preliminary   statement. 

(See  report,  pp.  545-582;  discussion,  pp.  1107-1119.) 

The  President: — The  polls  for  voting  for  officers  for  the  ensuing  year 
will  close  at  noon  to-day.  The  Chair  would  appoint  the  following  mem- 
bers as  Tellers  to  canvass  the  votes :  H.  S.Wilgus,  Chairman;  C.  J.  Chen- 
worth,    W.    II     Gardner,   Jr.,   W.   J.    Bergen,    I-'.    M.    Hawthorne,    II.   H. 
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Edgerton.  The  Secretary  will  turn  over  the  ballots  to  the  Tellers,  and 
they  will  retire  to  the  anteroom  and  make  their  report  before  the  close 
of   the   afternoon   session. 

We  will  now  consider  the  report  of  the  Committee  on  Yards  and 
Terminals.  Owing  to  the  absence  of  the  Chairman,  Mr.  E.  B.  Temple, 
the  report  will  be  presented  by  the  Vice-Chairman,  Mr.  B.  H.  Mann, 
Signal  Engineer  of  the  Missouri  Pacific  Railroad.  Mr.  Mann  will  indi- 
cate what  action  the  convention  is  to  take  on  the  report. 
(See  report,  pp.  315-348;  discussion,  pp.  1120-1122.) 
The  President: — The  report  on  the  Economics  of  Railway  Labor  will 
be  submitted  by  the  Chairman,  Mr.  E.  R.  Lewis,  Assistant  to  the  General 
Manager  of  the  Duluth,  South  Shore  &  Atlantic  Railroad.  Mr.  Lewis  will 
make  the  usual  introductory  statement. 

AFTERNOON    SESSION. 

The  President : — The  further  consideration  of  the  report  of  the  Com- 
mittee on  Economics  of  Railway  Labor  will  be  in  order. 

(See  report,  pp.  114-185;  discussion,  pp.  1123-1168.) 

The  next  report  to  be  taken  up  is  that  of  the  Committee  on  Ballast. 
Mr.  H.  E.  Hale,  Group  Engineer  of  the  Presidents'  Conference  Commit- 
tee, Chairman  of  the  Committee,  will  indicate  to  the  convention  what 
action  is  desired  on  the  report. 

(See  report,  pp.  675-718,  pp.   1183-1187.) 

The  President :— In  the  absence  of  both  the  Chairman  and  Vice- 
Chairman  of  the  Committee  on  the  Economics  of  Railway  Operation, 
Mr.  S.  S.  Roberts  will  present  the  report.  Mr.  Roberts  will  make  the 
customary  introductory  statement. 

(See  report,  pp.  271-314;  discussion,  pp.  1169-1174.) 

The  President :— -  The  next  report  to  be  taken  up  for  consideration  is 
that  of  the  Committee  on  Uniform  General  Contract  Forms.  Mr.  E.  H. 
Lee,  Vice-President  and  Chief  Engineer  of  the  Chicago  &  Western  In- 
diana Railroad,  Chairman  of  the  Committee,  will  present  the  report  to 
you. 

(See  report,  pp.  349-365;  discussion,  pp.  1175-1177.) 

The  .President:  The  United  Slate-  Fuel  Administration,  Illinois 
Section-,  has  kindly  delegated  one  of  their  representatives,  Mr.  Osborn 
Moniett,  t<>  address  the  convention  briefly  on  the  all-important  subject 
of  coal  conservation. 

Mr.  Osborn  Monetl  (United  States  Fuel  Administration):  I  am 
sure  it  will  not  In-  necessary  for  me  to  remind  anyone  here  <>i  the  fuel 

Mi-i-    through   which    we   have   passed   during    the    recent    winter.      We   find 

in  our  work  in  the  fuel  conservation  movement  that  we  have  no  more 
ill. in  passed  through  "in-  crisis  than  wi  are  confronted  with  the  prob- 
lem mi  supplying  <  :oal   for  the  nexl   winter. 

The  l  nited  States  will  require  during  the  peai  1918,  bituminous 
coal  t,,  the  extent  of  six  hundred  million  tons,  ami  (<■  the  I.,  -t  <>i  our 
knowledge  ami    from   all   the   information   availabli    the   production   will 
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nol  be  in  excess  ol  550  million  tons,  producing  a  shortage  of  50  million 
tons  of  bitumiuous  coal.  This  coal  must  be  saved  either  by  more 
scientific  methods  of  combustion,  more  careful  methods  of  conservation, 
or  by  shutting  down  some  of  our  less  important  industries. 

Tin  U.  S  Geological  Survey  in  1915  estimated  that  the  railroads 
were  burning  28  per  cent,  of  the  bituminous  coal  produced  in  the  United 
States.  ( )n  this  basis  in  1918  the  railroads  will  burn  about  170  million 
tons.  Of  course,  that  is  in  excess  of  the  normal  coal  consumption,  but 
it  is  necessary  during  this  present  crisis.  If  we  could  save  10  per  cent. 
of  the  railroad  fuel,  we  would  save  one-third  of  all  the  fuel  necessary 
to  get  by  next  winter. 

1  realize  that  the  membership  of  this  Association  does  not  person- 
ally supervise  the  burning  of  coal  on  railroads,  as  a  general  thing,  but 
there  js  one  phase  of  this  question  which  should  he  of  interest  and 
value  to  the  members  in  their  practice,  and  that  is  the  storage  of  coal 
with   relation   to  its  loss  by  spontaneous  combustion. 

Then-  are  several  types  of  storage:  First  and  best,  under-water 
storage.  Bituminous  coal  can  be  stored  under  water  for  any  length  of 
time  without  appreciable  deterioration  or  loss.  Under-water  storage, 
•however,  has  not  come  into  general  use  for  railroad  practice,  and  as 
an  emergency  measure  owing  to  the  preparation  necessary,  it  would 
not  meet  the  conditions.  The  second  method  of  storing  is  in  covered 
bins.  This  relates  more  particularly  to  storage  for  smaller  industries, 
and   would   not   meet    the    railroad   situation. 

The  general  method  of  storing  coal  lor  railroad  use  is  in  open 
piles  located  with  particular  reference  to  transportation  and  availability 
for  use  in  the  winter  time.  Broadly  speaking,  bituminous  coal  can  be 
stored  in  this  way  without  loss  in  the  larger  sizes.  The  Commonwealth 
Edison  Company  of  Chicago  keeps  on  hand  nearly  40^,000  tons  of  bi- 
tuminous coal,  with  practically  no  loss  from  spontaneous  combustion. 
That  corporation  stores  coal  from  the  size  of  No.  3  washed  up,  that  is, 
including  No.  3  washed  or  chestnut  size,  No.  2  and  No.  1  nut,  small 
egg  and  large  egg,  and  lump  si/es.  Lump-size  coal  can  be  piled  in  any 
convenient  manner  and  to  any  practical  height  without  any  appreciable 
loss,  but  the  smaller  sizes  must  be  graded  in  depth  of  pile  according  to 
the  size,  that  is,  the  smaller  size  should  not  be  piled  as  high  as  the 
sizes.  The  reason  lump  coal  will  keep  better  is  on  account  of  the 
smaller  surface  exposed  to  oxygen  as  compared  with  the  surfaces  ex- 
I  by  mine-run  and  screenings,  etc.  Spontaneous  combustion  takes 
place  from  oxidation,  it  being  nothing  more  or  less  than  a  slow  oxida- 
tion process.  Authorities  do  not  agree  as  to  the  primary  cause  of 
spontaneous  combusion,  but- it  seems  to  be  a  fact  that  tin  presence  of 
sulphur  in  more  or  less  degree  has  a  particular  effect  on  spontaneous 
combustion.  Oxygen  acting  on  the  sulphurous  compounds  in  coal  disin- 
tegrates them,  breaks  up  the  coal,  increases  the  number  of  surfaces 
upon    which   oxygen   can   work  and   finally  a   fire   develops. 

The   temperature  at   which   serious   deterioration   takes  place,   or  at 
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which  danger  will  be  encountered,  is  about  250  degrees  Fahrenheit,  so 
that  piles  of  coal  should  be  closely  watched  and  a  thermometer  used  to 
get  the  temperature.  If  the  temperature  goes  above  150  degrees  the 
pile  should  be  closely  watched,  and  at  180  or  210  degrees  this  portion 
of  the  pile  should  be  marked   for  early  consumption. 

After  250  degrees  has  been  reached,  the  action  becomes  automatic 
and  continuous  according  to  the  formula  expressed  in  plain  language — ■ 
iron  pyrites,  plus  oxygen,  plus  moisture  equals  iron  sulphates,  plus  sul- 
phuric acid,  plus  heat. 

The  heat  generated  by  this  action  is  augmented  by  the  heat,  sup- 
plied by  the  sulphuric  acid  formed  and  the  excess  moisture  present,  and 
the  process  continues,  until  it  gets  to  750  degrees,  when  the  coal  takes 
fire. 

I  believe  I  can  do  no  better  than  to  read  a  few  of  the  suggestions 
as  to  precautions  recommended  for  minimizing  the  danger  of  spon- 
taneous  combustion   on   coal   in   storage : 

(1)  Eliminate  coal  dust  and  fine  coal. 

(2)  Store  dry  coal,  if  possible,  and  keep  it  as  dry  as  possible, 
store  it  compactly,  so  as  to  exclude  the  oxygen. 

(3)  Put  the  coal  on  the  ground  in  a  clean  dry  place,  well 
drained. 

(4)  Don't  pile  the  coal  too  high.  Shallow  piles  offer  the  best 
chance  of  escape  of  heat  from  the  interior.  Coal  is  a  poor  conductor 
of  heat,  and  when  heat  commences  to  develop  in  a  pile  of  coal,  it 
stays  right  in  the  pile  generally,  and  makes  a  fire  if  conditions  are 
favorable.  It  does  not  radiate  heat  rapidly  and  for  this  reason  ig- 
nites   more   quickly. 

(5)  Store   as   large   sizes   of  coal   as   possible. 

(6)  Watch  the  interior  temperature  of  the  pile  with  a  thermom- 
eter, and  if  any  abnormal  rise  in  temperature  occurs,  mark  that  spot 
as  the  next  one  to  draw  on  when  fuel  is  called  for  from  that  par- 
ticular pile,  or  if  the  conditions  seem  serious,  overhaul  the  pile  at  that 
point. 

The  President : — On  behalf  of  the  Association,  the  (hair  thanks 
the  United  States  Fuel  Administration,  through  Mr.  Monett,  for  the 
helpful  suggestions  In-  has  given  us  regarding  the  conservation  of  coal. 

Prof.  S.  N.  Williams  (Professor  Emeritus,  Cornell  College)  Mi 
President,  may  I  express  my  appreciation  of  the  kindness  shown  me  as 
a  classmate  "f  the  late  Professor  Crandall,  whose  Memoir  appears  in 
Bulletin  201.  He  was  my  most  beloved  friend  at  Cornell  University,  an. I 
I  desire  to  heartih  endorse  all  that  has  been  s,,  well  said  in  thai 
Memoir  While  we  ;,n  exceedingly  regret  In-  earl)  passing  over  into 
eternal  rest,  let  us  remember  thai  "though  the  workman  tails,  the  work 

oil." 

(  I  lie  meeting  adjourned  to  9:30  a    m.  Thursday  I 
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THURSDAY,  MARCH  21,  1918. 
MORNING  SESSION. 

The  President :— The  first  order  of  business  this  morning  will  be  the 
report  of  the  Committee  on  Roadway.  In  the  absence  of  the  Chairman 
of  the  Committee.  Mr.  Daw  lev,  the  Vice-Chairman,  Mr.  J.  A.  Spielmann, 
Assistant  to  the  General  Superintendent,  Baltimore  &  Ohio  Railroad,  will 
present  the  report  and  indicate  what  action  is  to  be  taken  thereon. 

(See  report,  pp.  403-407;  discussion,  pp.  1179-1181.) 

The  President: — The  next  report  is  that  of  the  Committee  on  Iron 
and  Steel  Structures.  Mr.  O.  E.  Selby,  the  Chairman,  will  make  the 
usual  introductory  remarks,  and  state  what  action  the  convention  is  to 
take  on  the  report. 

(See  report,  pp.  777-872;  discussion,  pp.  1189-1214.) 

(Vice-President  Earl  Stimson  in  the  Chair.) 

The  Vice-President : — The  report  of  the  Committee  on  Wooden 
Bridges  and  Trestles  is  the  next  order  of  business.  The  report  will  be 
presented  to  you  by  the  Chairman,  Mr.  E.  A.  Frink,  Principal  Assistant 
Engineer  of  the  Seaboard  Air  Line.  Mr.  Frink  will  make  the  preliminary 
statement. 

(Sec  report,  pp.  583-609,  pp.  1215-1225.) 

AFTERNOON   SESSION. 

The  President : — The  first  report  to  be  considered  at  this  session  is 
that  of  the  Masonry  Committee,  Mr.  F.  L.  Thompson,  Assistant  Chief 
Engineer  of  the  Illinois  Central,  Chairman.  Mr.  Thompson  will  intro- 
duce the  report  and  state  what  action  we  are  to  take  on  it. 

(See  report,  pp.  719-762;  discussion,  pp.  1227-1231.) 

The  President:-  Mr.  W.  F.  Strouse,  Assistant  Engineer,  Baltimore  & 
Ohio  Railroad,  Chairman  of  the  Committee  on  Signs,  Fences  and  Cross- 
ings, will  present  the  report  of  that  Committee  for  your  action.  Mr. 
Strouse  will  make  the  customary  introductory  statement. 

(Sec  report,  pp.  611-674;  discussion,  pp.  1232-1238.) 

The  President : — The  report  of  the  Tie  Committee  is  the  next  order  of 
business.  Mr.  F.  R.  Layng,  Engineer  of  Track,  Bessemer  &  Lake  Eric 
Railroad,  the  Chairman  of  the  Committee,  will  present  the  report  and 
indicate  the  action  desired. 

(See  report,  pp.  367-402.) 

Mr.  F.  K  Layng  (Bessemer  S:  Lake  Erie)  : — In  view  of  the  limited 
time  before  us  and  the  further  fact  that  what  the  Committee  has  to 
•  on  is  largely  in  the  nature  of  information,  with  merely  two  recom- 
mendations  for  action,  which  can  readily  go  over  for  another  year,  I 
think  that  no  action  need  be  taken  on  the  report  at  this  time.  I  there- 
fore  suggest   that  the  report  be  received  as  information. 

The    President: — The   report    of   the   Tie   Committee   will    be    so   re- 
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The  report  of  the  Special  Committee  on  Stresses  in  Railroad  Track 
will  be  presented  by  the  Chairman,  Professor  A.  N.  Talbot,  of  the  Uni- 
versity of  Illinois.  Prof.  Talbot  will  point  out  to  us  the  salient  points 
in  this  report. 

(See  report,  pp.  871-1058;  discussion,  pp.   1239;   1240.) 

The  President : — The  report  of  the  Rail  Committee  will  be  presented 
to  you  by  Mr.  Chas.  S.  Churchill,  Assistant  to  the  President,  Norfolk  & 
Western  Railway,  in  the  absence  of  both  the  Chairman  and  Vice-Chair- 
man of  the  Committee. 

(See  report,  pp.  409-544;  discussion,  pp.  1241-1262.) 

The  President : — The  report  of  the  Track  Committee  will  be  pre- 
sented by  the  Vice-Chairman,  Mr.  J.  R.  Leighty,  Engineer  of  Mainte- 
nance, Missouri  Pacific  Railroad,  in  the  absence  of  the  Chairman,  Mr. 
Ray.  Mr.  Leighty  will  outline  briefly  the  action  that  is  to  be  taken  on 
this  report. 

(See  report,  pp.  93-113;  discussion,  pp.   1263-1268.) 

The  President : — Mr.  Earl  Stimson,  Engineer  Maintenance  of  Way, 
Baltimore  &  Ohio  Railroad,  Chairman  of  the  Committee  on  Wood  Pres- 
ervation, informs  the  Chair  that  the  Committee  has  no  recommendations 
to  make,  and  requests  that  the  report  be  read  by  title  only  and  received 
as  information.     If  there  is  no  objection,  that  course  will  be  pursued. 

(See  report,  pp.   1059-1074.) 

No  reports  have  been  presented  by  the  Committees  on  Economics  of 
Railway  Location  and  Grading  of  Lumber. 

This  completes  the  consideration  of  reports  of  Standing  and  Special 
Committees.    The  next  in  order  is  "New  Business." 

Mr.  H.  R.  Safford  (Grand  Trunk)  : — I  offer  the  following  resolution: 

"To  the  Honorable  William  G.  McAdoo, 

"I  lirector-General   of   Railroads, 
'  Washington. 

"The  American   Railway  Engineering   Association,   in    convention  as- 
sembled, expresses  its  desire  to  render  all  possible  assistance  t'>  you  and 
your  staff  in  maintaining  the  high   degree  of   efficiency  of  railway  opera- 
tion and  maintenance  so  essential  to  an  early  victory  in  the  meat  world 
wide  conflict. 

"Tin-  members  arc  principally  officers  in  railway  service,  although 
gome  an-  in  Government  and  other  branches  of  Engineering  Service  re 
lated  to  railways  operating  on  the   North    American  Continent. 

"Tin  \  arc  intensely  interested  in  the  many  problems  incidental  to  the 
construction,  maintenance  and  operation  of  railways;  and  particularly  in 
the  standardization  of  materials  and  methods  of  doing  work, 

"We  are  hopeful  that  our  efforts  may  he  the  means  of  assistance  t" 
the  Federal  Government  and  that  yon  will  feel   free  to  call  upon  us  for 

sin  li    assistant  e  " 

(The  resolution  was  adopted  unanimousl)  I 

Mr  ('.  !•"..  Lindsay  (New  York  Central):     1  move  the  following  reso 

lutions  : 

"Resolved,  Bj  the  American  Railwaj  Engineering  Association,  in  con- 
vention a    embled,  that   its  thanks  are  herein    extended  t" 
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"Sir  Edmund  Walker,  Rev.  Dr.  Stephen  K.  Malum,  and  Mr.  Edward 
R.  Kelsey,  for  their  excellent  addresses  at  the  War  Dinner'  on  the  even- 
ing of  March  twentieth. 

"To  the  Chairmen,  Vice-Chairmen  and  members  of  the  several  Com- 
mittees  for  their  labors  during  the  past  year  and  for  the  valuable  reports 
presented  to  this  meetui 

"To   the    Committee   on    Arrangements    for    the    splendid    manner   in 
which   the  arrangements   for  this   convention   have  been  carried  out. 
secretary  and  his  staff  for  courtesies  and  efficient  service. 

"To  the  technical  press  for  courtesies  extended  during  the  year  and 
als<  i  during  this  convention. 

"To  the  National  Railway  Appliances  Association  for  the  compre- 
hensive  and  instructive  exhibit  of  railway  devices  used  in  the  construc- 
tion,  operation  and  maintenance  of  railways. 

"To  the  I nger soil-Rand  Company,  the  Cleveland  Tractor  Company, 
and  the  Universal  Portland  Cement  Company  for  the  instructive  and 
interesting  views  shown  at  this  convention,  relating  to  demonstrations 
of  labor-saving  devices,  etc." 

(The   resolutions   were   adopted   unanimously.) 

Mr.  W.  B.  Storey  (Atchison,  Topeka  &  Santa  Fe)  :— I  offer  the  fol- 
lowing resolution  : 

"Resolved,  That  the  members  of  the  American  Railway  Engineering 
Association,  in  convention  assembled,  desire  to  place  on  record  their  ap- 
preciation of  the  admirable  manner  in  which  this  convention  has  been 
presided  over  by  Mr.  John  G.  Sullivan,  and  for  the  efficient  administration 
of  the  affairs  of  the  Association  during  his  incumbency  of  the  presiden- 
tial chair. 

"Resolved,  That  a  copy  of  this  resolution  be  spread  on  the  Minutes  of 
this  meeting  and  an  engrossed  copy  be  presented  to  Mr.  Sullivan." 

(The   resolution   was   adopted   unanimously.) 

Dr.  Hermann  von  Schrenk  (Consulting  Timber  Engineer)  : — Mr. 
President,  1  would  like  to  offer  a  resolution  dealing  with  the  supply  of 
wood  preservatives.  Owing  to  the  war  conditions,  the  supply  of  creosote 
is  practically  cut  off,  and  has  still  further  been  reduced,  during  the  past 
six  months,  due  to  the  necessity  on  account  of  fuel  shortage  during  the 
past  year  of  burning  raw  material  which  can  be  produced  in  our  by- 
product coke  ovens. 

This  has  gone  on  to  such  an  extent  that  many  of  our  railroads  are 
in  serious  straits  regarding  the  upkeep  of  bridges,  and  what  is  more 
important,  a  large  amount  of  material  on  hand  at  our  various  storage 
yards  for  the  upkeep  of  bridges  has  been  used  for  other  purposes,  and  it 
gested  it  may  be  desirable  to  indicate  in  a  few  brief  paragraphs  just 
what  the  situation  is,  with  a  request  that  an  investigation  be  conducted, 
>  what  adjustment  can  be  made  for  the  railway  operations,  with- 
out  materially   injuring    the    activities   of   the    steel   mills: 

"1  For  a  good  many  years  in  the  past,  at  the  present  time,  and  in 
increasing  quantities  in  the  future,  the  railroads  of  the  United  States  have 
used,  are  Using  and  will  have  to  use  kinds  of  wood  which  decay  after  very 
short  period  of  service  and  cannot  be  used  without  some  form  of  preserva- 
tive treatment  This  referring  both  to  timbers  used  for  bridge  construc- 
tion,  track   ties,    foundation   timbers,   etc. 
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"2.  There  are  at  the  present  time  large  stocks  of  such  timbers  in 
the  form  of  ties,  piling,  bridge  materials  and  lumber  on  hand  which  should 
be  treated  within  a  short  time. 

"3.  These  timbers  cannot  possibly  be  used  unless  they  are  treated  and 
in  many  cases  the  losses  due  to  decay  will  be  very  material.  This  decay 
and  depreciation  will  take  place  in  storage  yards  and  along  the  right- 
of-way.  This  loss  will  not  only  be  the  actual  financial  loss  of  the  ma- 
terial itself,  but  will  mean  a  far  greater  loss  due  to  difficulty  of  secur- 
ing adequate   supplies  to   replace   same   in  the  immediate   future. 

"4.  While  a  number  of  preservatives  are  available,  the  best  pre- 
servative is  coal-tar  creosote.  In  many  cases  it  is  the  only  preservative 
that  can  be  used,  especially  for  such  timbers,  piling,  etc.,  as  are  intended 
for  bridges.  Coal  tar  is  the  only  source  from  which  creosote  is  derived. 
■  "5.  There  is  at  the  present  time  a  great  shortage  of  available  creo- 
sote oil  due  in  the  first  place  to  the  cutting  off  of  the  foreign  supply  and 
in  the  second  place  due  to  the  burning  of  the  tar  produced  by  the  steel 
companies.  As  far  as  it  is  possible  to  estimate  this  the  amount  of  tar 
actually  being  burned  is  at  the  rate  of  about  fifty  million  gallons  per  year. 

"6.  The  distilling  capacity  of  the  country  and  tank  car  equipment 
available  is  totally  inadequate  to  handle  all  of  the  tar  now  being  burned, 
but  the  tar  distillers  could  handle  a  certain  proportion  of  this  tar  with  a 
resultant   increase   in   production   of   creosote   oil. 

"In  view  of  the  above  factors  the  American  Railway  Engineering 
Association  respectfully  suggests  to  the  Railroad  Administration  at  Wash- 
ington that  an  investigation  be  undertaken  to  determine  whether  it  will 
be  possible  to  adjust  the  burning  of  the  crude  coal  tar  by  the  steel  com- 
panies in  such  manner  that  steel  production  will  not  be  interfered  with  and 
at  the  same  time  a  certain  amount  of  the  tar  now  being  burned  could 
be  released  to  the  tar  distillers  and  thereby  increase  the  amount  of  cre- 
osote oil  available." 

(The   resolutions  were  adopted   unanimously.) 

The  President: — If  there  is  no  further  "New  Business,"  the  Secre- 
tary will  read  the  report  of  the  Tellers. 

Secretary  Fritch: — The  result  of  the  vote  for  officers  for  the  ensuing 
year,  as  submitted  by  the  Tellers,  is  as  follows: 

President  : 

C.   A.    Morse 687  votes 

C.  D.  Purdon 1     " 

/  'ice  President : 

II.  K.  Safford 688     M 

C.    F.   W.    Felt 1     " 

Treasurer: 

G.    II.    Bremner 685 

R.    II     Ford 1      " 

\Y.   C.    Harve) 1     " 

E    I     Markham 1     " 

Secretary: 

E    II.    Fritch 683     " 

Three  Directors: 

1.    L.    Campbell 257  " 

I.   E,  Crawford 230  " 

I    M.  R,   I  .ii 1 1 ..ii in 154  " 

E.    \     Frinl J26  " 

fohn  \    Hanna 178  " 


58  BUSINESS  SESSION. 

E.   II.   Lee   298  " 

H.   T.    Porter 148  " 

E    B.  Temple 228  " 

I  E.  Turneaure 238 

Members  Nominating  Committee: 

J.    K.   Crawford 453     u 

Arthur  Crumpton   275 

B.  J.   Dalton    211      " 

II  T.  Douglas,  Jr 376     « 

John  V.  Hanna  315 

A.  J.   Himes 308  -" 

J.  B.    Jenkins    328  " 

T.   A.    Peabody 311  " 

\     R.   Raymer 309  " 

J.  E.   Willoughby 406  " 

B.  H.    Mann 1  " 

C.  P.    Howard 1  " 

J.  C.  Carmichael 1 

J.  C.  Mock 1      " 

The  candidates  elected  are  as  follows: 

President — C.  A.  Morse. 

First  Vice-President — Earl  Stimson. 

Second  Vice-President — H.  R.  Safford. 

Treasurer — G.   H.   Bremner. 

Secretary — E.  H.  Fritch. 

Three   Directors — J.   L.   Campbell,   E.    A. 

Frink,  E.  H.  Lee. 
Five   Members   Nominating  Committee — 

J.   E.   Crawford,   H.   T.   Douglas,  Jr., 

John   V.    Hanna,  J,   B.  Jenkins,  J.   E. 

Willoughby. 

The  President  : — You  have  heard  the  report  of  the  Tellers.  The 
(."hair  will  appoint  Past-President  Storey  and  Second  Vice-President  Saf- 
ford   to  escort  the  President-Elect  to  the  Chair. 

President  Sullivan: — It  is  with  a  great  deal  of  pleasure  that  1  hand 
you  this  gavel,  and  all  I  have  to  say  is  that  the  reception  you  received 
last  night  and  the  number  of  men  who  cheered  you  indicate  that  you 
are  a  leader  of  nun  and  that  you  will  make  a  success  as  President  of 
the    Association.     (Applause.) 

President-Elect  MmM':-  Mr.  Sullivan,  Members  of  the  Associa- 
tion: 1  want  to  thank  you  for  the  honor  conferred  upon  me  in  elect- 
ins;  me  President  of  tin-  Association.  I  recognize  the  responsibilities 
that  go  with  the  position,  and  I  will  do  the  best  I  can  to  follow  in 
the  line-  of  my  predecessors.  I  also  appreciate  the  added  duties  that 
may  come  <m  tin  President  of  tin  Association  the  coming  year,  owing 
to  the  unsettled  conditions  in  railway  matters. 

Ordinarily  the  next  thing  to  do  i-  to  call  this  meeting  adjourned, 
Iml  a-  unusual  condition-  surround  us,  I  am  going  to  see  if  I  cannot 
do  something  a  little  out  of  the  beaten  path,  and  -tart  something  early 
in  the  game.  We  have  at  tin-  present  time  103  members  in  Military 
Service,  and  the  probabilities  are  that  by  the  time  of  our  next  convention 
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that  number  will  be  doubled.  Most  of  these  men  in  leaving  the  railroad 
service  have  been  succeeded  by  younger  men,  many  of  whom  are  not 
members  of  this  Association.  We  lose  ordinarily  about  fifty  men 
during  the  year  from  death,  resignation  and  various  other  causes,  and 
in  order  to  keep  up  our  membership  we  should  have  about  250  members 
coming  in  during  the  coming  year.  I  think  we  have  been  averaging 
about  one  hundred  a  year,  and  I  just  want  to  ask  you  if  you  will  not 
turn  to  and  see  if  we  cannot  get  the  men  who  are  stepping  into  the 
places  of  those  who  have  gone  to  the  front,  and  who  are  not  members, 
to  join  our  Association.  We  ought  also  to  get  some  of  our  Superin- 
tendents and  General  Superintendents  to  become  interested  in  our  Asso- 
ciation, especially  as  we  have  Committees  on  Economics  of  Railway 
Location,  and  Operation,  on  which  we  ought  to  have  some  operating 
men  of  that  class. 

It  is  a  favorite  saying  of  mine  that  when  you  have  given  orders 
you  are  only  half  through,  and  the  next  thing  is  to  see  that  the  orders 
are  carried  out.  In  about  a  month  or  two  we  will  take  up  the  lists 
of  our  members,  and  see  from  what  roads  our  present  members  are 
sending  in  applications  for  membership.  I  trust  you  will  all  do  your 
very  best  to  increase  the  membership  of  the  Association. 

I  now  declare  the  Nineteenth  Convention  of  the  Association  ad- 
journed. 

The  Twentieth  Annual  Convention  of  the  American  Railway  Engi- 
neering  Association  will  be  held  at  the  Congress  Hotel,  Chicago,  March 
18,  19  and  20,  1919. 

E.  H.   Fritch, 

Secretary, 
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REPORT  OF    COMMITTEE    X— ON   SIGNALS  AND 
INTERLOCKING. 

J.  A.  Peabody,  Chairman;  W.  J.  Eck,  Vice-Chairman; 

J.  G.  M.  Leisenring, 
H.  K.  Lowry, 
J.  C.  Mock, 
F.  P.  Patenall, 
A.  H.  Rudd, 
W.  B.  Scott, 

A.  G.  Shaver, 
T.  S.  Stevens, 
W.  M.  Vandersluis, 

B.  Wheelwright, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  presents  herewith  its  annual  report  for  the  year 
1917. 

The  following  subjects  were  assigned  to  your  Committee  by  the  Board 
of  Direction : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual,  and 
submit  definite  recommendations  for  changes. 

2.  Report  on  the  problem  of  signaling  single-track  roads  with  refer- 
ence to  the  effect  of  signaling  and  proper  location  of  passing  sidings  on 
the  capacity  of  the  line. 

3.  Report  on  specifications  adopted  by  the  Railway  Signal  Association, 
which,  in  the  judgment  of  the  Committee,  warrant  consideration,  conferring 
witli  Committee  on  Track  on  any  appliances  affecting  track. 

4.  Report  on  the  desirability  of  having  an  overlap  in  automatic  signal- 
ing;  if  so,  is  it  best  to  have  two  stop  indications  between  trains  or  two 
caution  indications  instead,  or  the  latter  in  special  cases  only,  such  as  down- 
grade tracks? 

5.  Report  on  the  various  methods  of  giving  signal  indications  other 
than  by  mc.,ns  of  the  semaphore  (this  includes  the  light  signal  for  day 
and  niglit  indications). 

6.  Report  on  the  feasibility  of  separating  into  distinct  types  of  their 
own  (a)  the  signals  for  train  operation,  and  (b)  the  markers  or  signs 
whieh  indicate  the  location  or  position,  or  both,  of  information  Mgn^  ami 
switch   signals    for   conveying   information   to   trainmen. 

fa)    The    semaphore   is   now   almost    universally    used    for   govern- 
ing  train   operation,   therefore 

(b)    Design    suitable    day    and    night     (if    necessary)     markers    or 
signs     for     switch     signals,     derail     switches,     stop     posts,     slow     ] 
resume    speed    pOStS,    water    station    and    track-pan    markers,    highway 
crossing  signals,  etc,   conferring   wiih   Committee  on   Signs,    Fences 

and    I 

7.  Report  on  requisites  of  signal  locations  for  interlocking  and  block 
signals. 

8.  Report    on    automatic    train    control 

fir. 
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9.  Report  on  the  comparative  merits  in  various  locations  of  alter- 
nating current  and  direct  current  for  operation  of  automatic  signals. 

10.  Report  on  applications  of  aspect  for  instructions  to  trains  to 
take  siding  at  a  non-interlocked  switch. 

COMMITTEE  MEETINGS. 

Four  meetings  of  the  whole  Committee  were  held  during  the  year, 
two  being  held  in  Buffalo  and  two  in  Chicago,  besides  which  a  number 
of  meetings  were  held  by  sub-committees. 

(1)     REVISION  OF  MANUAL. 

In  Appendix  A  your  Committee  submits  revisions  of  five  plates  of 
symbols,  now  included  in  the  Manual. 

(2)  REPORT  ON  THE  PROBLEM  OF  SIGNALING  SINGLE- 
TRACK  ROADS  WITH  REFERENCE  TO  THE  EFFECT  OF 
SIGNALING  AND  PROPER  LOCATION  OF  PASSING  SIDINGS 
ON  THE  CAPACITY  OF  THE  LINE. 

In  last  year's  report  your  Committee  stated  that  "Our  work  on  this 
subject  will  be  in  applying  and  testing  the  formulas  or  methods  on  pieces 
of  roads  with  their  actual  movements  of  trains."  Considerable  work 
along  this  line  has  been  done  and  your  Committee  reports  progress. 

(3)  REPORT  ON  SPECIFICATIONS  ADOPTED  BY  THE  RAIL- 

WAY SIGNAL  ASSOCIATION. 

In  Appendix  B  your  Committee  submits  a  list  of  matters  acted  on  by 
the  Railway  Signal  Association  at  its  convention  in  1917  and  adopted  by 
letter-ballot.  The  recommendations  of  your  Committee  on  this  subject 
arc  given  under  the  heading  of  Conclusions. 

(4)  REPORT  ON  THE  DESIRABILITY  OF  HAVING  AN  OVER- 
LAP IN  AUTOMATIC  SIGNALING;  IF  SO,  IS  IT  BEST  TO 
HAVE  TWO  STOP  INDICATIONS  BETWEEN  TRAINS  OR 
TWO  CAUTION  INDICATIONS  INSTEAD,  OR  THE  LATTER 
IN  SPECIAL .  CASES  ONLY,  SUCH  AS  DOWN-GRADE 
TRACKS? 

Sub-Committee  assigned  this  subject  has  done  some  work  and  your 
Committee  reports  progress. 

REPORT  ON   THE   VARIOUS   METHODS   OF  GIVING   SIG- 
NAL   INDICATIONS    OTHER    THAN    BY    MEANS    OF    THE 
\f\PHORE   (THIS   INCLUDES  THE  LIGHT   SIGNAL  FOR 
DAY  AND  NIGHT  INDICATIONS). 
No  work  has  been  done  on  this  subject  during  the  year. 
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(6)  REPORT  ON  THE  FEASIBILITY  OF  SEPARATING  INTO 
DISTINCT  TYPES  OF  THEIR  OWN  THE  SIGNALS  FOR 
TRAIN  OPERATION  AND  THE  MARKER  OR  SIGNS  WHICH 
INDICATE  THE  LOCATION  OR  POSITION,  OR  BOTH,  OF 
INFORMATION  SIGNS  AND  SWITCH  SIGNALS  FOR  CON- 
VEYING INFORMATION  TO  TRAINMEN. 

In  Appendix  C  your  Committee  makes  report  on  this  topic  and  its 
recommendations  are  given  under  the  head  of  Conclusions. 

(7)  REPORT  ON   REQUISITES   OF  SIGNAL  LOCATIONS   FOR 

INTERLOCKING  AND  BLOCK  SIGNALS. 
No  progress  made. 

(8)     REPORT  ON  AUTOMATIC  TRAIN  CONTROL. 
There  having  been  no  new  developments   during  the  year  in   auto- 
matic train  control  devices,  the  Committee  has  nothing  to  report. 

(9)  REPORT  ON  THE  COMPARATIVE  MERITS  IN  VARIOUS 
LOCATIONS  OF  ALTERNATING  CURRENT  AND  DIRECT 
CURRENT  FOR  OPERATION  OF  AUTOMATIC  SIGNALS. 

In  considering  the  merits  in  various  locations  of  alternating  current 
and  direct  current  for  operation  of  automatic  signals,  it  was  agreed  that 
the  comparative   values  of  the  two   systems   depend   entirely  upon   local 
.conditions. 

Your  Committee  recommends  that  this  subject  be  discontinued. 

(10)  REPORT  ON  APPLICATIONS  OF  ASPECT  FOR  INSTRUC- 
TIONS TO  TRAINS  TO  TAKE  SIDING  AT  A  NON-INTER- 
LOCKED SWITCH. 

On  this  subject  your  Committee  reports  progress. 

CONCLUSIONS. 

Your  Committee  recommends  thai  the  following  action  be  taken  on 
tlic  report  submitted  herewith: 

1.     In  connection   with   subject,  "Make  critical   examination  of   sub 
j<'t  matter  in  Manual,"  that  the  five  plates  of  symbols,  the  first  four  of 
which  arc  revisions  of  those  now  shown  on  pages  413.  414,  415,  and  A2\ 
of  tlic  Manual,  and  the  fifth  a  new  one,  be  adopted  and  inserted  in  tlic 
Manual  in  place  of  those  now  shown, 

3.  That  tlie  submitted  Lisl  of  Railway  Signal  Association  specifica- 
tions and  standards  be  published  in  the  Manual,  as  supplementary  to  lisl 
heretofore  inserted,  for  information  of  the  mem' 

<>     That  the  designs  submitted  be  adopted  and  included  in  the  Manual 
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9.  That  the  subject  of  Comparative  Merits  in  Various  Locations  of 
Alternating  Current  and  Direct  Current  for  Operation  of  Automatic 
Signals  be  discontinued. 

RECOMMENDATIONS  FOR   NEXT  YEAR'S  WORK. 

Your  Committee  considers  that  no  further  work  can  be  done  on 
Subject  No.  9  and  recommends  that  same  be  considered  closed. 

Your  Committee  further  recommends  that  the  following  subjects  be 
continued: 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual  and 
submit  definite  recommendations  for  changes. 

2.  Report  on  the  problem  of  signaling  single-track  roads  with  refer- 
ence to  the  effect  of  signaling  and  proper  locations  of  passing  sidings  on 
the  capacity  of  the  line. 

3.  Report  on  the  specifications  adopted  by  the  Railway  Signal  Asso- 
ciation, which,  in  the  judgment  of  the  Committee,  warrant  consideration, 
conferring  with  Committee  on  Track  on  any  appliances  affecting  track. 

4.  Report  on  the  desirability  of  providing  in  connection  with  an  auto- 
matic signal  system : 

(a)  An  overlap. 

(b)  Approach  restricting  speed  indications. 

5.  Report  on  the  various  types  of  light  signals  for  day  and  night 
indications. 

6.  Report  on  the  feasibility  of  separating  into  distinct  types  of  their 
own,  the  signals  for  train  operation,  and  the  markers  or  signs  which  indi- 
cate the  locations  or  position,  or  both,  of  information  signs  and  switch 
signs  for  conveying  information  to  trainmen,  and  design  suitable  day  and 
night  (if  necessary)  markers  or  signs  for  switches,  derailing  switches,  stop 

.  slow  signs,  resume  speed  signs,  water  station  and  track  pan  markers, 
highway  crossing  signs,  etc. 

7.  Report  on  requisites  of  signal  locations  for  automatic  block  sig- 
nals for  single-track  roads. 

8.  Report  on  Automatic  Train  Control. 

10.  Report  on  applications  of  aspect  indicating  that  train  must  take 
siding   at   a   non-interlocked   switch. 

Respectfully  submitted, 

The  Committee  ox  Signals  and  Interlocking. 


Appendix  A. 

(1)     REVISION  OF  MANUAL. 
J.  A.  Peabody,  Chairman,"  Sub-Committee. 

Your  Committee  submits  the  following  five  plates  of  symbols,  these 
in  accordance  with   revisions  made  and  adopted  by  the   Railway   Signal 
Association : 
First  Plate  (R.  S.  A.  Plate  No.  4). 

Revision  of  that  shown  at  present  on  page  413  of  the  Manual,  re- 
visions being  as  follows : 
Changes. 

Take  or  leave  siding  indicator  (new). 

Battery  chute,  relay  box  and  post  combined   (revised). 

Battery  shelter  (revised). 

Highway  crossing  signals   (all  new  except  bell). 
Second  Plate  (R.  S.  A.  Plate  No.  5). 

Revision  of  that  shown  at  present  on  page  414  of  the  Manual,   re- 
visions being  as  follows: 
Changes. 

(Slight  changes  in  titles.) 

Three-throw  switch,  three  illustrations   (new). 

Derails  revised  and  added  to   (second  note  new). 

Plunger  lock  (new). 

Switch  and  lock  movement    (revised). 

Facing  point  lock   (revised). 

Oil  enclosed  wire  line  (new). 

Pipe  adjusting  screw   (new). 

Wire  adjusting  screw  (new). 

Note:     Seven  symbols  under  "Runs"  transferred  to  Plate  5. 

Third  Plate  (R.  S.  A.  Plate  No.  6). 

Revision  of  that  shown  at  present  on  page  415  of  the  Manual,  re- 
visions being  as  follows: 
Changes. 

Rocking  shaft  lead-out    (revised).     (Wire  line  shown  dotted  in- 
stead of  solid.) 

Added. 

No.  9— Rigid  Crossing  Frog. 

Fourth  Plate  (R.  S.  A.  Plate  No.  12). 

Revision  of  that. shown  at   present  on  page  421  of  the  Manual,  re- 
visions being  as   follows : 
Changes. 
Tran 

for  grounding  case   <  n 
grounding  shield   ( new  I 

Fifth  Plate  (R.  S.   V  Plate  No.  13). 

This  is  new  excepl  mns  of  connections  which  were  taken  from  plate 
.it  present  shown  on  page  414  of  the  Manual. 
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PLATE  NO. 4    R  S  A .  SYMBOLS  .«-<•  - 


Rflay  Box 


Junction  Box 


S 


s 


D 


CAPACITY 2 


®-< 


Take  or  Leave        Battel 
Siding  Indicator        Chute 


Terminal  Box     Lightning  Arrester 
Bex 


— -— ? 


BATTERY  CHUTE  CAPACITY 


^-(3) 


Relay  Box  and  Post 


Battery  Chute,  Relay 
Box  and  Post  Combined 


X 


Switch   Box  Location 


NOTE  :  Type  of  inoicator 

OTO  BE  COVERED  BY  * 

GENERAL  NOTE  f) 

I 


Switch   Indicator 


Switch  Indicator 
and  Switch  Box 


Za 


0 


A 

oo 


6 


□ 

CO 


Cable  Post     With  One       With  Two     With  Relay     With  Relay     With  Relay 
Only  Indicator       Indicators  Box  Box  and  One     Box  and  Two 

Indicator        Ikdicators 


Battery  Shelters 
5  ]     Above  Surface 


-  5   -  Half  Above  Surface 


[Si    Below  Surface 

(FIGURES    INDICATE    CAPACITY) 


b    I 


A.  C.         DC.       -A 


b 


BaL 


Audible  Visible  Su:ze9 

Highway  Crossing  Signals 


f+ 


¥ 


OR 


Track    Battery 


SIGNALS    AND    INTERLOCKING. 
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NP.5   K.S.A.  SYMBOLS.  oa.iw-nrowKN. oct  w- 


INTERLOCKEO  SWITCHES   AND   DERAILS 
'y        Single  Switch 


Set  for  Left  Turn-out 


Set  for  Straight  Track  Set  for  Right  Turn-out 


Left  hand  DERAILS  Right  hand 

(derailing;  (non-derailing)  (derailing)  (non-derailing) 


(DERAILMb) 


Single  Point 


Lifting  Rail  Type 


Combined  Lifting  Block  and^ Point 


Lifting  Block   ^  "W 

NOTE    Non-interlocked  switches  and  derails  to  be  shown  same  as  above  except  shading  in  triangles  omitted. 
Where  hand-thrown  switches  are  pipe-connected  to  others,  at  least  one  switch  or  derail 
(the  one  farthest  from  point  of  operation)  should  have  the  letter  "p"  placed  beside  it. 


B.L. 


RL. 


FRL. 


S.LM. 


Detector  Bar 


Bolt  Locked  Switch    Plunger  Locked    Facing  Point  Lock    Switch  and  Lock 


-SE 


23- 


Oil  Enclosed  Pipe  Line 


(-y. {.»__. 

Oil  Enclosed  Wire  Line 


Pipe  Adjusting  Screw 


C 


Wire  Adjusting  Screw 


Switch 


vX/V 


Compensator 


Bolt  Locks 


Arrow  Indicates  Direction 

of  Movement  of  Pipe  Line- 

Normal  to  Reverse 


•Way 


2- Way 


3 -Way 


Movement 

Cranks 


l-WAY 


2-Way 


7f 


3- Way 


track 


v—       Interlocking  or  Block  Station      '  _r 

'      "   N         SNOWIMi   RflATlVt  POSITION  Of  STATION,  OPtRATOR  ANO  TR»CK  * J> 


Operator  Facing  Track  Operator  with  Back  to  Track 

noterunlfss  othirwise  specified  on  plan  it  will  be  assumed  that  whtrl  an  inhrlocked 

SI6NAL  IS   SHOWN    CLEAR    OR   A  DERAIL   SHOWN    IN    NON-DERAILING    POSITS'. 
trouin',   LEVER    IS   REVERSED,  AND    IHAT   ALL  OTHtR   LFVIRS  ARE    NORMA!  . 
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PLATE  N0.6.R  S  A.  SYMBOLS    cct.isu-iwoct*' 


INTERLOCKED   SWITCHES,  DERAILS,  ETC 


Single  Line  Plan 
EXPLANATION 


1  -  Simple  Turn-out 

2  -  Simple  Cross-over 

3  -  Derail -Single  Point 
4-  Single  Slip  Switch 


5  -  Double  Slip  Switch 
6 -Movable  Point  Crossing  Frog    (M. 
7  -  Single  Slip  Switch  with  M.P.  F. 
8 -Double  Slip  Switch  with  M.P.F. 
9  -  Rigid  Crossing  Frog 


P.F.) 


Rocking  Shaft  Lead-out 


I-] 

H      h 

p 

PIPE     LINE 

WIRE    LINE 

Q 

O  WHEEL 

1  H 

H     H 

H  ' 

E-WAY  CRANK 

I- WAY  CRANIO 


2   3  4       6   7   8  9 

Crank  Lead-out 

7f 


□  m 


6789 


'2- WAY  CRANKS 


VERTICAL  CRANKS 

Deflecting  Bar  Lead-out 

*>v  y^9 


*\ 


HORIZONTAL  DEFLECTING  BARS 


<>  o  o  +  *  * 

777       \\\ 

12   3  6  7  8 

VERTICAL    DEFLECTING    BARS 


SIGNALS    AND    INTERLOCKING. 
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N0.I3     R.S.A.  SYMBOLS.   OCT  1917 - 


Explanatory  Diagrams 


/?=s 


fa 


I       T 


f*  CT^T^^ 


Staff  Lock 


Pole  Line 


True  Meridian      Staff  Instrument  Staff  Crane      Yard  Limits 

Signal  Control  Limits 

* Z N ,  9<^~ 


irs^i_ 


-1        / 


~fe>2 


"fe>4 


Tfe) 


EXPLANATORY   P'/TES: 


at 'stop'  signals, no. 2,4,rrc. 

EASTWARD  TRAIN  ON  '  B"C  HOLDS  AT  45  OK.  SIGNAL  NO.  2. 

WESTWARD  TRAIN    ON   *F"C'  HOLDS  AT  45  DE6.  SIGNAL  NO-2  AND  AT  'STOP*  SIGNAL  N0.6. 

WESTWARD TTUIN  ON  'D"C' HOLDS  AT 'STOP'  SIGNAL  NO. 4.     « 

Air  Pipe  and  Fittings 


-eS- 


Expansion  Joint         Pipe 
Anchor 


"ts>io 


* 


Reducers  and  Bushings 
point  to  smaller  pipe 


Union 


Combination  Cock 
and  Union 


Manifold  Condenser 


--©- o -j- -o- X o g>- 


Main  Auxiliary 

Reservoirs 


Plug  Cock        Globe  or 
Gate  Valve 


\ /       — zki — 

Splicing  Chamber      Rail  Locks 

Runs  of  Connections 

Pipe- Wire  (Mech.) 


Wire  Duct 


BB- 


Bridge  Lock  Mechanical 

Bridge  Coupler 


Ground  Dwarf 

Levers  Machine 


Compressed  Air 


Pipe -Wire  and  Duct 


Pipe -Wire  and  Air 


Duct  and  Air 


Pipe -Wire,  Duct  and  Air 


Special  ■  Contacts 
-© — • ©— *- 


Typical  Notes-  \  ®  =  CcNT"CT  0N  Draw  Wed6ES 
M©=  Contact  on  Time  Clock 


3- Position  Relay 

Contacts  closed  to  one  extreme     Drop  Annunciator 
Neutral 


«  \  .'  i    ,»» 

II      ft 


Lever 


Latch 
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PLATE  NO  12.  R.S.  A.  SYMBOLS.  OCT  1911 -pevo.ktw 


Battery 


II!  Ill 


,+ 


Rectifier 


b^d 


A.C.TerminalS 


D.C.Tf- 
Cells  in  Multiple  Cells  in  Series  ' 

Specify  Type  and  Number  cf  Cells  Transformers 

D  =  Dry    Battery  L^,,*,  I  Laaa,^  I 

~  Ml  \MMJ  QOQQI 

G  =  Gravity  " 

P  =  Potash    « 

5  =  Storage  » 

examples:  i6p,  105,  etc. 


-secondary  2- or  MORE  SECONDARIES 


(M)  (G) 


D.G.MOTOR 


OR  MORE  SECOND 

- 

For  Grounding  Case       For  Grounding  Shield 


D.C.  Generator 


A.c.  Motor 


Ammeter 


M 


A.C.  Generator  D.C.-D.G.Motor-Generator      A.C.-D.C.  Motor- Generator 


Wires  Cross 


w 


x® 


Voltmeter  Wattmeter         Telephone 


Incandescent  Lamp  Lightning  Arrester 


Single  Double 

Terminals 


J L 


Wires  Join 


Ground 


"  Common  "  Wire 


Other  than  "  Common"Wire 


Track  Circuit  Wire 


■>■ 


Direction  of  Current 


Appendix   B. 

(3)  REPORT  ON  SPECIFICATIONS  ADOPTED  BY  THE  RAIL- 
WAY SIGNAL  ASSOCIATION,  WHICH,  IN  THE  JUDGMENT 
OF  THE  COMMITTEE,  WARRANT  CONSIDERATION,  CON- 
FERRING WITH  COMMITTEE  ON  TRACK  ON  ANY  APPLI- 
ANCES AFFECTING  TRACK. 

J.  A.  Peabody,  Chairman,  Sub-Committee. 

Your  Committee  submits  the  following  list  of  matters  acted  upon  by 
the  Railway  Signal  Association  at  its  convention  in  1917  and  adopted  by 
letter-ballot : 

List  of  Findings,  Conclusions,  Standards  and  Specifications  Added  to 

the  Manual  by  the  Railway  Signal  Association  in   1917. 

Text.      • 
Alternator   (Specifications). 
Battery,  Storage : 

Alkaline,  Instructions  for  Maintenance  of. 
Electrical  Instruments,  D.  C,  Specifications  for  Ranges  and  Scales. 
Ground  Apparatus,  Made,  for  Lightning  Arresters   (Specifications). 
Hand  Lantern  Globes  (Specifications). 
Impedance  Bond  (Specifications). 

Lightning  Arresters,  Made,  Ground  Apparatus  for  (Specifications). 
Pipe  Lines,  Field  Construction  of. 

Reactors,  Air-cooled,  for  Line  and  Track  Circuits  (Specifications). 
Resistors  for  Line  and  Track  Circuits  (Specifications). 
Switchboard  Material  (General  Specifications). 
Switchboard  Material  (Requisite  Sheets). 
Transformers,  Single-phase  Line,  Oil-immersed  Self-cooled  Outdoor  type 

(Specifications). 

Drawings. 

Ballast  and  Rail  Resistance  Test  Chart rRSA  6 

Cable  Post,  Relay  Box,  Mountings RSA  1374 

Deflecting  Bars RSA  1069 

Deflecting  Stands,  Horizontal  Adjustable USA  1396 

Electrical  Instruments,  Scale  Ranges  tor RSA  1378 

( rround  Resistance,  Test  for RSA  1377 

Hand  Lantern  Globes USA  1394 

Lightning  Arrester  Grounds „  ..RSA  1424 

Rail  Resistance  Chart,   Ballast  and KS\  fi 

Relay  Boxes— Size  "A"  and  "V," RSA  1182 

Relay  Box-Size  "A")    (Details)    RSA  1184 

Relay  Box— Size  "B"  (Details)    RSA  1183 

Relay  Box  and  Cable  Posl  Mountings   RSA  1374 

Relay  Box  Fittings   RSA  1369 

Relay  Box  Inlel   Bracket   RSA  1367 

Rela)    Box   Linings  and  Terminal   Board               RSA  13<>S 

Thermometei    (Stationary    Lead  Typi    Storage    Ba                  ....RSA  1375 

Track  Circuit  T<   i  I  ban                                                            .  .RSA  I 
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Appendix  C. 
(6)  REPORT  ON  THE  FEASIBILITY  OF  SEPARATING  INTO 
DISTINCT  TYPES  OF  THEIR  OWN  (a)  THE  SIGNALS  FOR 
TRAIN  OPERATION,  AND  (b)  THE  MARKER  OR  SIGNS 
WHICH  INDICATE  THE  LOCATION  OR  POSITION,  OR 
BOTH,  OF  INFORMATION  SIGNS  AND  SWITCH  SIGNALS 
FOR  CONVEYING  INFORMATION  TO  TRAINMEN. 

(a)  The   semaphore   is   now   almost   universally   used    for   governing 

train  operation,  therefore, 

(b)  Design  suitable  day  and  night   (if  necessary)   markers  or  signs 

for  switch  signals,  derail  switches,  stop  posts,  slow  posts, 
resume  speed  posts,  water  station  and  trackpan  markers, 
highway  crossing  signals,  etc.,  conferring  with  Committee 
on  Signs,  Fences,  and  Crossings. 

A.   M.   Burt,  Chairman,   Sub-Committee. 

In  our  investigation  of  this  subject,  we  have  developed  the  following: 

Some  of  the  so-called  signs  govern  train  operation  just  as  much  as 
the  movable  semaphore  of  an  interlocking  or  block  signal  system,  and 
these  signs  are  recognized  in  the  Standard  Code  of  the  American  Railway 
Association  as  signals.  See  note  to  the  definition  of  fixed  signals,  page 
235,  Rule  Book  of  the  American  Railway  Association,  January,  1916, 
reading  as  follows : 

"The  definition  of  a  'Fixed  Signal'  covers  such  signals  as  slow 
boards,  stop  boards,  yard  limits,  switch,  train-order,  block,  interlocking, 
semaphore,  disc,  ball  or  other  means  for  displaying  indications  that  govern 
the  movement  of  a  train." 

Under  this  definition  stop  boards,  slow  boards,  etc.,  are  in  fact  sig- 
nals. We  have  confined  our  work  to  designing  the  signs  that  fall  under 
the  above. definition  and  those  that  are  closely  related  to  them,  namely, 
those  that  convey  instructions  to  an  engineman  although  they  may  not 
"govern  the  movement  of  a  train." 

As  a  guide  to  our  work,  inquiries  were  sent  out  to  all  railroads  rep- 
resented in  the  American  Railway  Engineering  Association.  Standard 
plans  were  received  from  forty-three  roads  and  these  were  tabulated  as 
to  type,  painting,  etc. 

We  are  submitting  designs  for  the  following  signs: 

1.  Stop. 

2.  Speed  limit  or  Slow. 

3.  Resume  speed. 

4.  Yard  limit. 

5.  Station  one  mile. 

6.  Yard  one  mile. 

7.  Junction  one  mile. 

8.  Crossing  one  mile. 
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9.     Draw  one  mile. 

10.  Highway  Crossing  Whistle  Post. 

11.  Flanger  sign. 

We  are  not  yet  ready  to  report  on  the  switch  target,  derail  sign  and 
trackpan  sign,  and  there  may  be  others,  although  most  if  not  all  of  the 
other  signs  come  under  the  general  heading  of  information  signs. 

We  recommend  that  all  of  the  information  signs  such  as  trespass 
signs,  section  limits,  right-of-way  limits,  city  limits,  end  of  double  track, 
etc.,  be  of  such  shape  as  not  to  conflict  with  the  designs  herewith  sub- 
mitted. 

Where  a  preliminary  sign  not  covered  by  the  designs  submitted  is 
needed  in  the  rear  of  an  information  sign,  we  recommend  that  it  be 
made  in  the  same  form  and  general  character  as  signs  numbered  5  to  9, 
as  indicated  below : 


1 

1MI 


D.  T.    ENDSl 


For  the  stop,  speed-limit,  and  resume-speed  signs  (which  affect  all 
trains)  we  have  followed  the  semaphore  type  and  generally  accepted 
aspects.  For  signs  4  to  9  inclusive,  it  was  not  practicable  to  follow  the 
semaphore  type,  and  we  have,  in  these  cases,  considered  that  the  object 
to  be  accomplished  was  the  greatest  visibility  and  distinguishability  as  to 
form.  For  signs  10  and  11,  the  signs  in  present  use  vary  widely, 
but  the  variations  do  not  appear  to  be  material.  We  have  submitted 
designs  conforming  to  signs  that  are  in  quite  general  use. 

We  think  that  the  limitations  of  restricted  clearances  are  so  varied 
that  it  is  hardly  practicable  to  design  a  sign  to  meet  all  conditions,  and 
therefore  suggest  that  the  designs  submitted  may  be  modified  to  meet  the 
requirements  of  each  case.  We  are,  however,  submitting  sketches  1-A, 
2-A,  3-A,  4-A,  5-A  and  10-A  to  indicate  how  the  designs  submitted  may 
be  modified  to  fit  track  spacing  of  thirteen  feet  without  encroaching  on 
the  clearance  limits  recommended  by  the  American  Railway  Engineering 
Association  (see  Proceedings,  Volume  18,  page  1257). 

In  these  designs  we  have  confined  ourselves  to  outlines  and  not 
undertaken  to  specify  materials  from  which  the  signs  may  be  con- 
structed. 

We  have  m>t  made  any  recommendations  as  to  standard  location  of 
these  signs.  This  appears  to  be  an  important  matter  and  one  in  which 
uniformity  is  essential,  On  this  point  we  would  ask  for  further  in- 
structions. 
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2-8- 


t 


_l 


O 
I 


STOP 


c^j 


LIGHT,  WHEN  ADDED  FOR  NIGHT 
INDICATION  IS  TO  BE -RED. 

BOARD  MAY  BE  AT  EITHER  SIDE  OF 
POST  TO  CONFORM  TO  LOCAL  NECESS- 
ITIES OR  LOCAL  SEMAPHORE  PRACTICE, 


DESIGN  MAY  BE  MOD- 
IFIED TO  FIT  LOCAL  CONDITIONS 
AND  LIMITED   CLEARANCES. 


PAINTING 


BASE   OF  RAIL 
GROUND -WHITE,  LETTERS  AND  BORDER-BLACK. 


SIGNALS    AND    INTERLOCKING. 
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LIGHT,  WHEN  ADDED  FOR  NIGHT 
INDICATION  IS  TO  BE -YELLOW. 

WHERE  ALL  TRAINS  ARE  RESTRICTED  TO 
ONE  SPEED,  SHOW  ONE  NUMBER  ONLY. 

WHEN  CONSIDERED  NECESSARY,  THE 
WORD  M  SLOW"  TO  BE  SUBSTITUTED 
FOR  THE  FIGURES 

BOARD  MAY  BE  AT  EITHER  SIDE  OF 
POST  TO  CONFORM  TO  LOCAL  NECESS- 
ITIES OR  LOCAL  SEMAPHORE  PRACTICE . 

DESIGN  MAY  BE  MOD- 
IFIED TO  FIT  LOCAL  CONDITIONS 
AND  LIMITED  CLEARANCES. 


BASE  OF  RAIL 
GROUND -WHITE,  LETTERS  AND  BORDER -BLACK 


80 


SIGNALS    AND    INTERLOCKING. 


z 
o 


Q- 
O 


LIGHT,  WHERE  CONSIDERED 
NECESSARY,  TO  BE  REFLECTED 
ON  FACE  OF  BOARD. 

BOARD  MAY  BE  AT  EITHER  SIDE  OF 
POST  TO  CONFORM  TO  LOCAL  NECES- 
SITIES OR  LOCAL  SEMAPHORE  PRACTICE! 

DESIGN  MAY  BE  MOD- 
IFIED TO  FIT  LOCAL  CONDITIONS 
AND  LIMITED  CLEARANCES. 


BASE    OF   RAIL 
PAINTING: GROUND -WHITE,  LETTERS  AND  BORDER-BLACK. 


SIGNALS    AND    INTERLOCKING. 


81 


DESIGN  MAY  BE  MOD- 
IFIED TO  FIT  LOCAL  CONDITIONS 
AND  LIMITED  CLEARANCES. 


BASE   OF    RAIL 

GROUND -WHITE,  LETTERS  AND  BORDER-BLACK. 
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SIGNALS    AND    INTERLOCKING. 


_  I 


-SI 


1 

M 


|  STATION 


vo 


o 

_  i 
r- 


o 
i 

IX) 


oj 


i       ii 

3-8- 


Hl 


DESIGN  MAY  BE  MOD- 
IFIED TO  FIT  LOCAL  CONDITIONS 
AND  LIMITED   CLEARANCES. 


PAINTIN6 


BASE    OF    RAIL 
GROUND -WHITE,  LETTERS  AND  BORDER -BLACK 


SIGNALS    AND    INTERLOCKING. 
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o 
_i 


2-6 


it    ni 


DESIGN  MAY  BE 
MODIFIED  TO  FIT  LOCAL  CONDIT- 
IONS AND  LIMITED  CLEARANCES. 


BASE     OF    RAIL 
PAINTING: GROUND -WHITE  .LETTERS  AND  BORDER~BLACK. 
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•I 


o 

r- 

o 

j~ 

~o 
_l 

CD 


J. 


h^w 


JUNCTION 


CNJ 


PAINTING: 


3-9' 


r 


DESIGN  MAY  BE 
MODIFIED  TO  FIT  LOCAL  CONDIT- 
IONS AND  LIMITED  CLEARANCES. 


BASE    Op  RAIL 
GROUND-WHITE,  LETTFRS  AND  BORDER- BLACK. 


SIGNALS    AND    INTERLOCKING. 
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8 


^CROSSING 


o 
-I 
r- 


o 

_  i 
to 


t  ~n 


3-9 


r 


DESIGN  MAY  BE 
MODIFIED  TO  FIT  LOCAL  CONDIT- 
IONS AND  LIMITED  CLEARANCE. 


PAINTING: 


BASE    OF  RAIL 
GROUND-WHITE, LETTERS  AND  BORDER-BLACK. 
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_  I 


31 


i 

M 


U 


UDRAW 


C\J 


O 

-  i 

r» 

P 

~o 
_  i 

0> 


-HP- 

'-6 \ 


DESI6N  MAY  BE 
MODIFIED  TO  FIT  LOCAL  CONDIT- 
IONS AND  LIMITED  CLEARANCES. 


PAINTING. 


BASE    OF   RAIL 
GROUND-WHITE  ,  LETTERS  AND  B0RDER-3LACK 


SIGNALS    AND    INTERLOCKING. 
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10 


HIGHWAY  CROSSING  WHISTLE  POST. 


r— 10" 


W 


ijO 


CVJ 


O 
1^ 


O 
_  I 


MODIFIED  TO  FIT 
IONS  AND 


DESIGN  MAY   BE 
LOCAL  G0NDIT- 
LIMITflD  CLEARANCES. 


BASE     OF    RAIL 
PAINTING".  GROUND  WHITE,  LETTER  AND   BAND-BLACK 
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II 


I- 

Q- 


MODIRED 
IONS  AND 


DESIGN  MAY  BE 
TO  FIT  LOCAL  CONDIT 
LIMITED  CLEARANCES] 


PAINTING: 


BASE    OF    RAIL 
.GROUND -WHITE,  DISC -BLACK, 


SIGNALS    AND    INTERLOCKING. 
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1A 


«=£ 


/ 
/ 
/ 


I 

.J 


.:.__j 


\ 


stop: 


xFl 


r?frr^-  — 


AM  A  PtCOMWNDCO    CLCAKAHa  INDICATtD  THUS 


AAf  A  UlCOHMKIPfO  U(/MAftC!  WDCXTfO  TMU3 
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_i 13' o* 1- 


/ 


I 


/    ■- 
(      1 


-*H 


T>\ 


3A 


ARE*  RffOMWNCKO  CU*B*«Ct  mDICATro  THU5 


' — ■    ; —\ 


/                          T 

I                               jj                   .   '•     '  V"-? 

- 

AJlt*  IfGCNMtAMD  ClfARANCt  ItDKATlD  THUS 


SIGNALS    AND    INTERLOCKING. 
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5A 


x 


—  3-4 


/ 


STAT 

• —    -U<r 


ill 


ON 


•'•>V,\:--..',^v  .■■.:-.- ;v..-..;     ,.v... I.. ,..      ,      ....1.,.,., ,..- „. L ;•.•.-.  v :-,':■?■ -~!  ■(F7'" 

•  •  -s  r.  -■•-y.v./ ' 


A.REA  RECOMMENDED  CLEARANCE  INDICATE D  THUS:    — 


4-  13' 


y 


/ 
X    _ 


s 


-E 


1 


10A 


-■ 


A*r  AMrowmwtDatARMicr  iNixcATro  tmui 


REPORT  OF  COMMITTEE  V— ON  TRACK. 

G.  J.  Ray,  Chairman;  J.  R.  Leighty,  Vice -Chairman; 

M.  C.  Blanchard,  H.  A.  Lloyd, 

Geo.  H.  Bremner,  F.  H.  McGuigan,  Jr., 

H.  M.  Church,  J.  V.  Neubert, 

Garrett  Davis,  R.  M.  Pearce, 

A.  L.  Grandy,  C.  D.  Perkins, 

G.  W.  Hegel,  H.  T.  Porter, 

T.  H.  Hickey,  Thomas  Quigley, 

T.  T.  Irving,  J.  B.  Strong, 

J.  B.  Jenkins,  W.  P.  Wiltsek, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  on  Track  respectfully  submits  its  report  to  the 
Nineteenth  Annual  Convention. 

The  following  subjects  were  assigned  your  Committee  by  the  Board 
of  Direction  : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and   submit   definite   recommendations   for  changes. 

2.  Report  on  typical  plans  of  turnouts,  crossovers,  slipswitches  and 
double  crossovers,  and  prepare  detail  plans  for  such  work,  including  such 
incidentals  as  tie-plates,  rail  braces,  riser  plates,  etc.,  conferring  with 
Committee  on  Signals  and  Interlocking. 

3.  Report  on  reduction  of  taper  of  tread  of  wheel  to  1  in  38  and 
on  canting  the  rail  inward. 

4.  Report  on  test  of  tie-plates  subject  to  brine  drippings. 

5.  Report  on  specifications  for  rclayer  rail  for  various  uses. 

6.  Consider  the  advisability  of  reducing  allowable  flat  spots  on 
freight  car  wheels,  collecting  data  as  to  damage  done  by  flat  spots. 

7.  Consider  design  of  cut  track  spikes. 

8.  Report  upon  the  effect  of  fast  trains  upon  the  cost  of  maintenance 
of  way  and  equipment. 

9.  Report  on  whether  widening  01  the  flange  of  the  wheels  would 
not  be  detrimental  to  the  present  standard  of  track  (.(instruction. 

10.  Report  on  guard  rails  and  flaogeways  and  effect  of  increase  oi 
J^-inch  thickness  of   wheel   flanges. 

COMMITTKK  M KKTINGS. 
Meetings  of  the  whole  Committee  were  held  in  Chicago  on  Ma>  31 

and    October    IS,    in    addition    to    the    meetings    held    by    the    various    Sub 
Committees. 

(l)    ki\  isio\  OF  M  \\r.\i 
In  Appendix  A  proposed  changes  in  tin    Manual  are  given 

93 


94  TRACK. 

(2)  TYPICAL    PLANS    OF    TURNOUTS,    CROSSOVERS,    SLIP- 

SWITHIES  AND  DOUBLE  CROSSOVERS  AND  DE- 
TAIL PLANS  FOR  SUCH  WORK. 

In  Appendix  B  the  Committee  submits  detail  plans  as  per  instructions. 

(3)  REDUCTION  OF  TAPER  OF  TREAD  OF  WHEEL  TO  1   IN 

38  AND  ON  CANTING  THE  RAIL  INWARD. 

The  Committee   reports  on  this  subject  in   Appendix   C  and  submits 
the  matter  as  information. 


(5)     SPECIFICATIONS    FOR    RELAYER    RAIL    FOR    VARIOUS 

USES. 

In  Appendix  D  the  Committee  reports  on  specifications  for  relayer 
rail  for  various  uses  and  recommends  their  adoption  under  the  heading 
of  Conclusions. 


(7)     DESIGN  OF  CUT  TRACK  SPIKES. 

In  Appendix  E  the  Committee  resubmits  the  design  of  cut  track  spike 
presented  to  the  convention  in  1917  and  recommends  its  adoption  under 
the  head  of  Conclusions. 

(8)     THE   EFFECT    OF    FAST    TRAINS    UPON   THE    COST    OF 
MAINTENANCE  OF  WAY  AND  EQUIPMENT. 

In  Appendix  F  the  Committee  submits  as  information  a  discussion 
of  the  effect  of  fast  trains  upon  the  cost  of  maintenance  of  way  and 
equipment. 

(9)     WIDENING  OF  FLANGER  OF  THE  WHEELS. 

In  Appendix  G  the  Committee  reports  on  the  subject  of  "Whether 
widening  of  the  flanger  of  the  wheels  would  not  be  detrimental  to  the 
present  standard  of  track  construction,"  assigned  to  this  Association  by 
tin     American  Railway  Association. 

PROGRESS  REPORT. 

The  Committee  reports  progress  on  subjects  (4)  Test  of  tie-plates 
subject  to  brine  drippings;  (6)  Consider  the  advisability  of  reducing 
allowable  flat  spots  on  freight  ear  wheels,  collecting  data  as  to  damage 
•  lone  by  flat  spots. 
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CONCLUSIONS. 
Your   Committee   makes    the    following   definite    recommendations    to 
the  Association : 

Receive  as  Progress  Report: 

(To  be  considered  further  at  the  next  convention.) 
Subject   (2)     Plans  submitted  for: 

Typical   plan    of    No.    10   turnout   and   typical    layout   of    No.    10 

crossover. 
16  ft.  6  in.  split  switch,  style  "A." 
16  ft.  6  in.  split  switch,  style  "A"  details. 
16  ft.  6  in.  split  switch,  style  "B." 
16  ft.  6  in.  split  switch,  style  "B"  details. 
No.     8  rigid  frog,  style  "A"  and  style  "B." 
No.  10  rigid  frog,  style  "A"  and  style  "B." 
No.     6  rigid  frog,  style  "A"  and  style  "B." 
Sections  and  details  for  rigid  frogs. 

For  Adoption  and  Publication  in  the  Manual: 

Subject   (1)     Proposed  revisions  to  be  made  in  the  Manual. 

Subject   (5)      Proposed    specifications    for    relayer    rails    for    various 

uses. 

Subject   (7)     Proposed  design  of  cut  track  spike. 

Accept  as  Information: 

Subject  (3)  Report  on  reduction  of  taper  of  tread  of  wheel  to  1  in 
38,  and  on  canting  the  rail  inward. 

Subject  (8)  Report  upon  the  effect  of  fast  trains  upon  the  cost  of 
maintenance  of  way  ami  equipment. 

Subject  (9)  Report  on  whether  widening  of  the  flange  of  the  wheels 
would  not  be  detrimental  to  the  present  standard  of  track  construction. 

RECOMMENDATIONS   EOR  FUTURE  WORK. 

Your  Committee  recommends  for  next  year's  work:  Continuation  of 
Subjects   (1),  (2),  (3),   (4),   (6),   (8)  and   CM. 

Respectfully  submitted, 

THE  Com  M  i  ii  i  i    OH     Ik  \«  k 


Appendix  A. 
(1)     REVISION   OF  MANUAL. 

Your  Committee  recommends  that  the  seventh  line  from  the  bottom 
of  page  119  of  the  Manual,  under  Specifications  for  Steel  Tie-Plates, 
viz.,  "Plates  must  be  both  properly  and  thoroughly  annealed,"  be  elimi- 
nated, and  substituted  after  line  seven  from  the  top  of  page  121,  under 
Specifications  for  Wrought  Iron  Tie-Plates. 

On  typical  plan  of  No.  8  turnout,  the  following  changes  should  be 
made: 

(a)  Short  curved  lead  rail  in  turnout  is  shown  16  ft.  li/%  in.  and 
should  read  16  ft.  7*4  in- 

(b)  Offset  (Y-2)  shown  on  plan  as  2  ft.  10^  in.  and  should  read 
2  ft.  9^4  hi.  In  the  table  on  page  185  of  the  Manual  2.91  ft.  is  shown 
and  should  be  changed  to  2.81   ft. 

Plan  of  16  ft.  6  in.  switch  shows  center  to  center  of  heel  ties  21  in., 
and  should  be  made  to  read  10^2  in.  from  center  of  first  heel  tie  to  joint, 
as  is  shown  on  turnout  plan. 

Plan  of  22  ft.  switch  shows  center  to  center  of  heel  ties  21  in.,  and 
should  be  made  to  read  10^2  in.  from  center  of  first  heel  tie  to  joint,  as 
is  shown  on  turnout  plan. 

Plan  of  33  ft.  switch  shows  17  spaces  at  19  in.  and  then  20  in.  spac- 
ing, the  No.  16  turnout  shows  18  spaces  at  19  in.  and  then  20  in.  spacing. 
The  turnout  spacing  agrees  with  the  entire  lead  length  and  should  be 
used. 

All  switch  plans  should  be  changed  to  show  10J/2  in.  from  center  of 
tie  joint.  Omit  the  tie  spacing  at  joint  and  use  turnout  plans  for  tie 
spacing  beyond  switch  heel. 

For  the  present,  your  Committee  does  not  believe  it  necessary  to 
further  change  the  tie-plate  specifications,  but  recommends  that  this 
subject  be  given  careful  consideration  by  the  next   Committee. 
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Appendix   B. 
(2)     TYPICAL    PLANS    OF    TURNOUTS,    CROSSOVERS,    SLIP- 
SWITCHES  AND  DOUBLE  CROSSOVERS,  AND  DETAIL 
PLANS    FOR    SUCH    WORK,    INCLUDING    SUCH 
INCIDENTALS     AS     TIE-PLATES,     RAIL 
BRACES,     RISER     PLATES,      ETC. 

Your  Committee  submits  herewith  the  following  detail  plans: 

Typical   plan    of   No.    10  turnout   and   typical   layout   of    No.    10 

crossover. 
16  ft.  6  in.  split  switch,  style  "A." 
16  ft.  6  in.  split  switch,  style  "A"  details. 
16  ft.  6  in.  split  switch,  style  "B." 
16  ft.  6  in.  split  switch,  style  "B"  details. 
No.     8  rigid  frog,  style  "A"  and  style  "B." 
No.  10  rigid  frog,  style  "A"  and  style  "B." 
No.     6  rigid  frog,  style  "A"  and  style  "B." 
Sections  and  details  for  rigid  frogs. 
No.   10  Turnout  and   Crossover: 

Drawings    are   herewith    submitted   showing    typical    plan    of    No.    10 
turnout   and   typical   layout   of   No.    10  crossover   to   conform   with   those 
now  in  the  Manual  for  No.  8  turnout  and  crossover. 
16  Ft.  6  In.  Split  Switch   (Style  "A"): 

The  16  ft.  6  in.,  style  "A,"  switch  submitted  is  a  development  of 
16  ft.  6  in.  switch  shown  on  page  176  of  the  1915  Manual,  with  changes 
that  were  thought  advisable. 

The  throw  has  been  recommended  as  41/  in.  at  center  line  (if  switch- 
head  rod,  which  brings  the  throw  at  the  end  of  the  point  4U  in.  The 
throw  is  specified  at  end  of  point  to  be  not  less  than  4  in.  or  greater 
than  5  in.  On  page  178  in  the  1915  Manual  the  throw  is  specified  5  in. 
center  of  No.  1  rod,  which  would  make  the  throw  5'A  in.  at  tbe  point. 
Your  Committee  considers  this  excessive. 

The  risers  for  style  "A"  switch  is  specified  ft-in.,  which  affords  a 
better  shoulder  for  holding  the  stock  rail  in  position,  especially  lor 
heavy  flange  rails,  than  the  ?4-in.  specified  on  pages  178  and  179  of  tin 
1915   Manual. 

The  angle  of  planing  chamfer  cut  has  been  specified  as  ~S  deg.,  as 
the  70-dcK-  an^le  specified  on  page  179  in  the  19JS  Manual  is  generally 
considered  too  abrupt  and  is  not  in  common  USe. 

The  switch  point  planing  lias  been  Specified  in  much  fuller  detail 
and  conforms  to  planing  extensively  used. 

Th<-  detail  of  slid,    plates  has  been  specified  to  admit  tin   use  • 

rectangular   plate   or  of   Special    rolled   plates   having  risers   narrower   than 

the  width  of  the  plate,  sufficient  detail  being  given  so  that  tin   plates  and 
braces  will  be  interchangcahh 
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The  heel  plates  have  been  specified  to  provide  a  shoulder,  both  tor 
the  lead  rails  and  the  stock  rails,  and  the  tie  spacing  given  so  that  the 
same  detail  of  plates  will  apply  for  turnout-  Xos.  7  to  10,  inclusive. 

The  bars  are  specified  1  in.  by  2'  j  in.,  instead  of  J^-in.  by  2y2  in.,  as 
specified  on  page  180  of  the  1915  Manual,  and  other  details  to  conform 
to  heavier  materials  now  being  largely  used. 

16   Ft.  6  In.  Split  Switch    (Style  "B"): 

Style  "B"  switch  has  been  developed  tor  use  where  materials  for 
style  "A"  switch  has  been  considered  heavier  than  warranted  on  Class 
B  or  Class  C  railways,  and  also  for  emergency  requirements. 

On  style  "l<"  switch  the  plates  have  been  detailed  6  in.  wide  and  a 
lesser  quantity  than  specified  for  style  "A"  switch. 

The  tie  liars  are  J^-in.  by  2"/>  in.,  reinforcing  on  one  side  only.  Plan- 
ing, spacing  of  tie  bars,  spread,  throw  and  essential  details  are  the  same 
as   specified   for  style  "A"   switch. 

Style  "B"  switch  is  especially  intended  where  style  "A"  switch  is 
considered  too  expensive,  and  where  the  track  is  not  tie-plated  throughout. 

No.  8   Rigid    Frog: 

No.  8  frog  has  been  detailed  13  ft.  0  in.  long,  instead  of  13  ft.  6  in. 
long,  as  specified  on  page  184  in  the  1915  Manual,  the  6  in.  difference  in 
length  being  made  on  the  heel  end  of  the  frog.  This  change  will  not  in- 
terfere with  theoretical  alinement  data  heretofore  published.  The  reason 
for  the  change  is  so  that  a  Xo.  8  frog  will  cut  out  of  a  33  ft.  0  in.  rail 
without  waste  in  cutting.  This  is  an  important  item  of  economy.  If  the 
13  ft.  6  in.  length  is  maintained  the  frog  would  not  cut  economically  opt 
"i  a  33  ft.  0  in.  rail,  unless  the  wing  rails  are  made  too  short  for  a  first- 
class  frog. 

No.   10   Rigid   Frog: 

No.  10  frog  has  been  detailed  16  ft.  6  in.  long,  conforming  to  pre- 
vious established  length;  and  will  cut  out  of  a  33  ft.  0  in.  rail  with  com- 
paratively little  waste. 

No.  6   Rigid   Frog: 

Xo.  6  frog  has  been  detailed  10  ft.  0  in.  long  as  this  length  provides 
ample  room  for  splice  bars.  A  longer  frog  has  been  considered  objec- 
tionable in  a  sharp  turnout. 

Plans  have  been  detailed  for  Style  "A"  and  style  "B"  frog  in  each 
ease.  Style  "A"  frog,  with  cast  filling,  is  similar  to  what  is  being  used 
on  many  of  the  large  eastern  railroads,  while  style  "B"  frog,  with  rolled 
tilling,  is  similar  to  .what  is  being  used  on  many  of  the  western  railroads. 

Until  styles  of  frogs  are  widely  used  and  are  proposed  for  standard 
without  recommendations  as  to  which  is  the  best.  The  cost  will  be  prac- 
tically the  same,  and  then-  are  arguments  in   favor  of  each  style. 
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General  Notes. 

An  effort  has  been  made  to  make  the  plans  complete,  embodying  all 
the  notes  necessary,  without  separate  specifications.  It  is  intended  that, 
if  the  plans  submitted  meet  general  approval,  the  Committee  will  prepare 
plans  for  other  angle  frogs,  and  switch  lengths  for  turnouts,  crossovers 
and   slip  switches   for  presentation  at  the  next   convention. 

Therefore  it  would  seem  advisable  not  to  make  any  changes  in  the 
Manual  until  after  the  detail  plans  herewith  submitted  have  been  fully 
considered  and  discussed  by  the  Association.  If  the  plans  are  later  ap- 
proved, the  Manual  can  then  be  revised  and  the  one  set  of  plans  will  be 
complete. 

On  account  of  the  importance  of  the  subject,  your  Committee  solicits 
full  discussion  of  the  plans  not  only  on  the  floor  of  the  convention,  but 
by  correspondence  with  the  Committee  during  the  coming  season.  Such 
changes  as  may  seem  desirable  will  be  made,  and  the  Association  will  be 
asked  to  approve  the  plans  at  the  1919  convention 
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(3)     REPORT    OX    REDUCTION    OF    TAPER    OF    TREAD    OF 
WHEEL  TO  1  IX  38  AND  ON  CANTING  THE  RAIL  INWARD, 

Wheel   Taper: 

At  an  early  period  in  the  history  of  car  building,  it  was  found  that 
a  certain  amount  of  cone  in  the  tread  of  a  new  wheel  was  advantageous 
from  many  viewpoints.  The  amount  of  coning  varied  until  1878  the  ratio 
of  1  in  38  was  adopted  by  the  M.C.B  Association.  This  remained  the 
standard  until  1907,  when  the  association  revised  the  taper,  making  it 
1  in  20,  the  present  standard.  1  in  20  coning  is  very  generally  used  and 
might  be  said  to  be  the  world's  standard.  It  is  generally  used  in  Canada, 
England,  France,  Germany,  Russia,  China,  Japan  and  other  countries, 
where  the  practice  is  about  equally  divided  between  uniform  taper  and 
slight  double  taper. 

The  loss  of  metal  from  the  flange  and  tread  of  the  wheel  and  from 
the  rail  is  due  to  rubbing  or  slipping  friction  rather  than  to  rolling  fric- 
tion. For  economical  wearing  value  the  surfaces  in  contact  must  roll  on 
each  other  with  a  minimum  of  rubbing  and  sliding.  True  rolling  mo- 
tion results  when  the  wheel  is  traveling  parallel  to  the  rail  without 
slipping.  The  tread  of  the  wheel  and  surface  of  the  rail  must  have 
proper  contact  to  result  in  the  least  sliding  friction. 

When  a  wheel  rests  on  the  rail,  the  location  of  the  point  of  con- 
tact depends  upon  the  taper  of  the  wheel  and  the  radius  of  the  top 
of  the  rail.  The  normal  position  of  the  rails  in  track  is  with  the  vertical 
axes  parallel  and  at  right  angles  to  the  plane  of  the  track.  In  this  normal 
position  the  point  of  contact  of  wheels  having  a  coning  of  1  in  20  and 
rail  of  A.R.A.  section  with  14-in.  top  radius  of  head  is  slightly  less  than 
)4-in.  inside  of  the  center  of  the  rail  toward  the  gage  side.  For  wheels 
having  a  coning  of  1  in  38  the  point  of  contact  is  slightly  less  than  5^-in. 
inside  of  the  center  of  rail  toward  the  gage  side. 

This  eccentric  loading  appears  to  be  a  condition  that  should  be  cor- 
rected. It  has  been  the  practice  of  section  foremen  to  incline,  or  cant, 
the  rail  slightly  to  distribute  Wear  over  the  top  of  the  head  or,  as  he  calls 
it,  "covering"  the  rail.  The  result  obtained  is  to  bring  the  point  of  con- 
tact over  the  center  of  the  rail.  This  is  the  trackmen's  position  for 
economic  wear  and  service  of   rail. 

The  heavier  taper  is  carried  on  an  inclined  surface  and  produces 
stresses  on  the  outside  of  flange  of  rail  40  per  cent,  to  50  per  cent, 
greater  than  stress  on  inside  flange  due  to  outward  thrust,  as  has  been 
shown  by  the  results  obtained  by  the  Committee  on  "Stresses  in  Track." 

It  has  been  suggested  that  heavier  coning  with  the  resultant  eccen- 
tric load  on  rail  accounts  for  the  location  of  transverse  fissures  o:i  the 
gage  side  of  the  rail.  While  they  are  most  common  on  the  gage  side, 
their  appearance  at   the  center  and  outside  of   the  head  would  seem  to 
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indicate  that  they  are  developed  in  the  line  of  contact  or  application  of 
load. 

With  the  heavier  coning  the  surface  of  the  rail  gradually  wears  to 
an  inclined  surface  similar  to  the  cone  of  the  wheel.  In  this  condition 
the  abrasion  of  metal  and  slippage  resistance  is  considerably  increased. 

Car  wheel  manufacturers  have  claimed  that  heavy  taper  supplies  the 
condition  favorable  to  true  rolling  motion  and  reduces  to  a  minimum 
sliding  of  surfaces  in  contact.  The  following  test  has  been  quoted  to 
verify  their  claims:  Test  made  on  Atchison,  Topeka  &  Santa  Fe  Rail- 
way covered  the  complete  service  record  of  4,272  chilled  iron  wheels 
placed  under  534  new  gondola  cars  of  100,000  lbs.  capacity,  placed  in 
service  June,  1907. 

"These  wheels  were  made  with  1  in  15  tread  taper.  A  complete 
check  was  made  monthly  of  all  wheels  removed,  and,  after  four  years' 
service,  but  two  had  been  removed  for  wearing  hollow  and  eight  for 
sharp  flange.  Three  of  these,  however,  were  ground  to  proper  contour 
and  again  placed  in  service.  After  a  period  of  six  years  80  per  cent,  of 
the  wheels  were  still  in  service." 

It  has  been  contended  that  flat  taper  tends  to  wheel  oscillation, 
thereby  increasing  flange  wear.  On  a  dynagraph  car  equipped  with 
cylindrical  wheels  of  1  in  38  taper,  which  has  made  about  300,000  miles, 
wearing  out  several  sets  of  cast  iron  wheels,  it  was  observed  in  the  rid- 
ing of  this  car  that  there  was  a  noticeable  freedom  from  oscillation. 
Also,  these  cylindrical  treads  have  never  developed  a  sharp  flange  and 
the  smooth  riding  of  car  has  been  frequently  commented  upon. 

In  one  instance,  with  coning  of  1  in  20  on  the  cast  iron  wheels  with 
only  a  width  of  tread  of  17-6  in.  before  the  A-in.  chamfer  occurs,  it  is 
claimed  that  the  deformation  of  rails  on  the  gage  side  has  become  so 
great  that  the  contact  between  the  wheel  tread  and  rail  head  is  now 
reduced  in  many  places  to  }4-in.  to  5^-in.  in  width.  This  concentrates 
entirely  too  much  pressure  upon  the  head  of  rail  in  small  limits  for  good 
wear  and  service. 

Excessive  wear  on  frogs  is  an  objection  to  heavier  coning.  A  wheel 
with  a  heavy  cone  trailing  through  a  frog  has  its  load  carried  by  the 
narrow  frog  point  and  the  load  is  not  transferred  to  the  wing  rail  until 
the  frog  point  is  passed.  Theoretically,  the  drop  from  the  frog  point  to 
the  wing  rail  with  a  1  in  20  tread  having  n:  in.  chamfer  is  very  near 
14 -hi.  The  result  is  damage  i<>  the  iv<>x  point,  as  the  concentrated  wheel 
load   is  too  great   for  the  narrow   section  of  metal  at  the  point. 

Even  though  the  heav)  taper  is  better  from  the  standpoint  <>i  wheel- 
wear,  in  view  of  the  fact  thai  rail  must  be  designed  for  the  heaviest 
wheel  Loads  while  the  wheels  are  designed  for  a  definite  car  capacity,  it 
ma)   I"-  expedient  to  sacrifice  som<    degrei    "i   service  "i   wheel  to  favor 

the    l.n  tOl    "i    safety   and    life  of   rail. 

Tin    \ei\   general  use  "i   taper  "i    l  in  20  makes  the  proposed  d< 
parture  from  this  standard  a  move  needing  to  be  full)   substantiated  bj 
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theory  and  practice.  The  use  of  1  in  38  taper  by  the  New  York  Central 
Railroad  and  the  use  of  1  in  13  taper  by  the  Baltimore  &  Ohio,  thi 
former  being  flatter  and  the  latter  heavier  than  M.C.B.  standard,  repre- 
sents sonu   considerable  difference  of  opinion. 

In  any  change  of  taper  it  would  appear  desirable  to  have  the  taper 
uniform  from  the  throat  radius  to  the  radius  of  the  sand  chill,  or  the 
lull  width  of  tread. 

Thirty  railroads,  representing  95,000  miles,  report  use  of  canted  tie- 
plates.  Of  these,  four  roads,  with  15,000  miles,  report  that  the  rail  is 
•anted  by  adzing  ties  where  canted  tie-plates  are  not  used* 

Fourteen  roads,  with  52,900  mileage,  report  the  general  use  of  canted 
tie-plates. 

Ten  roads,  with  32,900  mileage,  report  canted  tie-plates  used,  but 
not  generally. 

Nineteen  roads,  with  55,000  mileage,  report  canted  tie-plates  with 
slope  varying  from   1   in  20  to  1  in  174  as   follows: 


Slope 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

in  20 
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in  44 

in  46 

in  71 

in  76 

in  80 
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in  83 

in  88 

in  96 
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5 
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19 

97 

42 

1 

2418 

6 

64 

1095 

185 

5 

7396 
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it 

II 

It 

single 

CI 

II 

<< 

track 
(i 

CI 

Six  roads  of  23,000  miles  have  in  use  mechanical  adzing  and  boring 
machines,  which  adze  ties  before  being  placed  in  track.  (Only  one  of 
these  roads  use  canted  tie-plates  and  these  have  a  taper  of  1  in  76.) 

A  large  number  of  measurements  were  carefully  taken  on  one  of  the 
large  railroads  at  at  least  200  locations,  both  on  curves  and  tangent, 
where  the  rail  was  wearing  and  showed  a  uniform  wear  and  bearing 
on  the  rail-head.  These  measurements  showed  that  for  the  rail  of  J1  - 
in.  head,  as  will  as  rail  of  3-in.  head,  both  had  a  cant  of  1  in  40. 

From  these  general  conditions  above  cited  it  would  seem  that  if  the 
rail  was  installed  and  maintained  so  as  to  provide  a  uniform  bearing 
and  wear  on  the  head  of  rail,  the  best  results  would  be  obtained 
From  both  wheel  wear  and  rail  wear. 

If  the  rail  does  not  have  the  full  and  proper  contact,  as  well  as 
bearing  on  the  tie-plates  or  on  the  tie,  whether  the  tie-plates  are  canted 
or  not,  the  best  results  cannol  be  secured. 
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(5)     REPORT  ON  SPECIFICATIONS  FOR  RELAYER  RAIL  FOR 
VARIOUS  USES. 

Your  Committee  submits  herewith  a  proposed  specification  lor  re- 
iayer  rail  for  various  uses  : 

Main  Track   Relaying   Rail: 

Class  1.— Used  rails  suitable  for  main  track  or  main  or  branch  lines. 
They  must  be  free  from  all  physical  defects  and  shall  pass  the  A.R.E.A. 
Specifications  for  Steel  Rail  in  all  respects,  except  wear,  as  specified  below. 
The  surface  of  rails  of  this  class  must  be  fairly  smooth  and  must  not 
have  flat  spots  or  wheel  burns.  Side  wear  shall  be  measured  at  the  gage 
line  and  vertical  wear  at  the  center  of  the  head,  and  shall  not  exceed 
dimensions  shown  in  table  below.  Rail  must  be  sawed  at  the  ends,  not 
cut  with  chisel.  Drilling  must  be  uniform.  Rails  of  this  class  may  be 
further  classified  as   follows: 

Class  i — A:     No  side  wear;  top  wear  not  to  exceed  nS-in. 

1 — B:     Side  wear  not  to  exceed  J^-in. ;  top  wear  not  to  exceed 
■rV-in. 

1 — C:     No  side  wear;  top  wear  not  to  exceed  A -in. 

1— D:     Side  wear  not  to  exceed  ^4-in. ;  top  wear  not  to  exceed 
Ms-in. 

1      E:     No  side  wear;  top  wear  not  to  exceed  A-in. 

1— F:     Side   wear   not    to   exceed   ^$-in. ;    top   wear   not    to   ex- 
ceed ft-in. 

]      G:      No  side  wear;   top  wear  not  to  exceed  ^-in. 

1— H  :     Side   wear   not    to   exceed   54-in. ;    top   wear   not   to   tx 
cced  54-in. 

Resawing    Rails: 

Class  2.-    All    rails   with   battered  or   otherwise   defective   ends,   which, 
if    resawed,   would   meet    the   (lass    ]    requirements,   will   be  accepted   as    re 
sawing  rails.     These  rails,  when  resawed,  will  be  classed  as  "Main  Track 
Relaying  Kails."     In  this  ease  90  ,„■,  cent,  of  the  rail  musl  be  of  uniform 
lengths,  27  ft.  or  more, 

Side   Track    Relaying    Rail: 

(  lass  3.    All  used  rails  suitable   foi    side-tracks  will  U    included  in 
this  class     They  musl  nol  be  less  than  15  ft  long     Used  or  curve  worn 
rail    will  lie  accepted  ii   wear  does  nol  exceed  33  pel   cent  oi  the  orig 
inal  section  of  head     Rails  too  badly  line  or  surface  bent  to  be  included 
in  f'lass   l,  btrt   straight   enough   to  be  easil)    spiked   to  line  and 
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Rail:  pitted  or  wheel-burnt,  but  still  serviceable;  rails  with  flow  of  metal, 
but  still  serviceable,  will  be  accepted.  Drilling  must  be  uniform  Base 
must  be  full  or  uniform  width. 

Rolling   Mill   Rail: 

Class  4.— Rails  of  standard  section.  Badly  twisted  or  bent  rails, 
frogs,  switches  and  guard  rails  will  ndt  be  accepted.  They  shall  be  not 
less  than  6  ft.  long.  They  must  be  free  from  pipes,  split  heads  and 
similar  defects. 

Scrap   Rail: 

Class  5. — All  used  rails  of  any  length  or  condition  not  meeting  the 
above  specifications,  will  In-  classed  as  scrap. 

Marking   and   Shipping: 

Rails  of  classes  1,  2,  3  and  4,  when  classified  in  track,  shall  be  marked 
by  painting  the  class  number  and  letter  in  white  on  the  web  of  the  rail 
about  3  ft.  from  each  end.  No  two  classifications  of  rails  shall  be  loaded 
on  the  same  car. 


Appendix    E. 

(7)     CONSIDER  DESIGN  OF  CUT  TRACK  SPIKES. 

At  the  annual  convention  in  March,  1916,  your  Committee  recom- 
mended for  consideration  a  design  of  cut  spike  (see  Bulletin  183,  pages 
376-377)  and  fully  set  forth  the  various  reasons  why  the  design  sub- 
mitted should  be  adopted. 

Although  your  Committee  did  not  receive  a  single  written  criticism 
throughout  the  year  of  the  proposed  design,  when  it  was  presented  for 
adoption  at  the  1917  convention  the  Association  turned  it  back  to  the 
Committee  because  of  the  claim  by  members  of  the  Association  that 
manufacturers  could  not  make  this  spike  with  automatic  spike  machines. 
This  contention  was  further  substantiated  by  representatives  of  certain 
manufacturers  on  the  floor  of  the  convention. 

Unfortunately,  neither  the  Chairman  of  your  Committee,  or  any 
member  of  the  Sub-Committee  who  had  prepared  the  original  design, 
were  present  to  defend  the  Committee's  position. 

Your  Committee  advises  that  the  standard  sf5ike  of  the  Canadian 
Pacific  Railway  for  the  past  ten  years  has  been  made  with  a  reinforced 
neck,  just  as  called  for  in  the  design  submitted  by  your  Committee  in 
1917.  As  a  matter  of  information,  we  quote  the  following  letter  re- 
ceived from  the  Nova  Scotia  Steel  &  Coal  Company,  dated  July  26,  1917: 

"In  reference  to  Track  Spikes  submitted  to  you  by  Mr.  Fairbairn, 
of  the  Canadian  Pacific  Railway  Company,  and  which  bave  been  criti- 
cized by  the  different  manufacturers  in  your  country  as  being  imprac- 
ticable to  make  on  the  automatic  spike  machines,  principal  objection  be- 
ing width  and  thickness  of  the  neck,  and  thickness  of  the  head.  We 
may  say  in  reply  that  for  the  past  number  of  years  we  have  been  turning 
out  spikes  of  this  description  in  very  large  quantities  from  our  automatic 
spike  machines,  and  we  have  no  difficulty  in  supplying  spikes  such  as  re- 
ferred to  you,  and  which  is  the  Canadian  Pacific  Railway's  standard." 

Your  Committee  secured  sample  spikes  during  the  past  year  from 
the  Canadian  Pacific  Railway  Company  and  found  these  spikes  to  con- 
form to  the  Committee's  specification  in  every  respect. 

In  justice  to  the  former  Track  Committee,  we  desire  to  state  that 
the  fact  was  fully  developed  by  that  Committee  that  the  spike  as  recom- 
mended in  1917  was  being  manufactured  on  automatic  spike  machines  in 
large  quantities  in  two  or  three  Canadian  mills. 

During  the  past  season  your  Committee  has  made  a  careful  canvass 
of  several  mills  in  the  United  States,  and  found  a  Uniformity  of  opinion 
among  the  manufacturers  that  the  standard  as  proposed  by  your  Com- 
mitter in  1917  cannot  be  made  with  automatic  machines  now  in  use. 
Wc  understand  that  the  main  difficulty  is  overcome  by  the  Canadian 

mills    by    using    special    rolled    bars    a    little    over  size    in    one    dimension. 

We  can  see  no  reason  why  the  same  practice  could  not  be  utilised  b) 

United  States  mills     Nevertheless,  on  account  of  tins  general  complaint. 

106 


106  TRACK. 

and  because  of  the  present  war  conditions,  your  Committee  has  decided 
to  make  a  reduction  in  the  amount  of  reinforcing  under  the  head,  and 
accordingly  submit  a  revised  design. 

Mr.  Wiltsee  visited  the  Illinois  Steel  Mill  at  Joliet  in  September. 
The  tests  made  by  that  company  indicate  that  the  design  we  now  submit 
can  lie  manufactured  with  the  machine^  and  shapes  now  in  use. 


TRACK. 
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(8)     REPORT   UPON   THE   EFFECT   OF   FAST   TRAINS    UPON 
THE  COST  OF  MAINTENANCE  OF  WAY  AND  EQUIPMENT. 

The  economic  value  of  a  solution  of  this  question  depends  upon  the 
desirability  of  making  each  class  of  traffic  bear  its  own  proportion  of  the 
total  expense  of  transportation. 

In  the  sense  here  used,  traffic  is  classified  not  merely  as  between 
passenger  and  freight,  but  between  the  different  classes  of  each  kind 
of  traffic  grouped  according  to  the  speeds  at  which  it  is  demanded  that 
it  be  moved.  It  is  unquestionably  desirable,  in  so  far  as  possible,  to 
make  each  of  these  groups  bear  the  expense  incident  to  their  use  of 
the  facilities  furnished  by  the  railroad,  at  least  up  to  the  point  that  any 
added  expense  would  work  a  detriment  to  the  welfare  of  the  public  as  a 
whole. 

In  most  cases,  it  is  doubtful  if  it  is  desirable  to  carry  on  a  class  of 
luisiness  which  is  not  able  to  pay  its  own  way,  but  must  share  its  bur- 
dens with  business  of  another  class,  except  temporarily,  during  a  period 
of  development  of  a  class  of  business  which  promises  later  to  be  of 
economic  value.  It  is  therefore  important  that  we  know  as  nearly  as 
possible  the  exact  cost  of  the  various  kinds  of  business  we  carry  on  in 
order  that  each  may  carry  its  fair  burden  of  expense. 

In  the  expense  accounts  of  railroads,  as  now  kept,  it  is  possible  to 
segregate,  as  between  freight  and  passenger,  approximately  70  per  cent, 
of  the  expense  incurred  by  each  class  of  traffic,  but  it  is  not  possible 
under  the  present  system  of  accounting  to  determine  the  relative  cost  of 
one  part  of  either  class  of  traffic  as  compared  with  any  other.  Of  the 
30  per  cent,  of  the  railroad  expenses,  which,  under  the  present  system  of 
accounting,  cannot  be  directly  charged  against  freight  or  passenger,  but 
must  be  charged  in  common  against  both,  Maintenance  of  Way  and 
Structures  expense  constitutes  the  major  portion,  so  that  if  we  are 
able  to  arrive  at  a  definite  relation  of  the  cost  of  each  of  these  classes 
of  traffic  to  the  other,  or  to  the  total,  in  so  far  as  Maintenance  of  Way 
and  Structures  is  concerned,  we  have  made  a  long  stride  toward  a  defi- 
nite solution  of  the  problem  before  us. 

When  we  speak  of  high-speed  traffic  versus  low-speed  traffic,  there 
immediately  comes  to  the  mind  of  the  experienced  railroad  man,  as  well 
as  the  layman,  passenger  traffic  versus  freight. 

The  demands  of  a  passenger  traffic  for  a  speed  greater  than  that  of 
the  freight  traffic  is  so  emphatic  and  universal  that  we  have  acquired  the 
habit  of  automatically  thinking  of  passenger  traffic  when  speaking  of 
high-speed  traffic,  and  of  freight  traffic  when  we  speak  of  low-speed 
traffic,  although  there  is  a  difference  between  the  speed  at  which  a  very 
considerable  pari  of  the  freight  tonnage  is  carried  as  compared  with 
that  of  the  balance  of  it. 
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There  are  three  general  speed  classifications : 

First  and  lowest:     Commodity  freight  tonnage. 

Second   and   intermediate :     Merchandise   and   perishable    freight 

tonnage. 
Third  and  highest :     Passenger  traffic  or  tonnage. 

Many  experiments  and  much  experience  contribute  to  general  qualita- 
tive analysis  of  an  expense  incident  to  the  graduations  in  speed,  but  not 
much  is  available  from  which  definite  quantitative  conclusions  can  be 
drawn. 

Your  Committee  does  not  feel  that  it  is  prepared  to  offer  a  con- 
clusive report  until  it  has  given  the  matter  further  study.  We  have  made 
an  analysis  of  the  actual  expense  for  maintenance  of  way  and  structures 
for  the  year  reported  by  the  Interstate  Commerce  Commission's  report 
of  1914  on  all  of  the  railroads  in  the  United  States  having  a  gross  earn- 
ing of  one  and  one-half  million  dollars  and  over.  These  roads  comprise 
somewhat  over  213,000  miles,  so  that  averages  deduced  from  this  one 
year's  experience  may  be  taken  as  at  least  indicative  of  the  real  effect 
on  maintenance  cost  of  increasing  speeds. 

In  this  analysis,  high  speed  and  low  speed  are  considered  as  synony- 
mous with  passenger  traffic  and  freight  traffic.  Your  Committee  is  con- 
scious that  this  is  not  an  entirely  true  assumption,  but  it  offers  the  only 
opportunity  for  classifying  the  expense  as  incurred  by  the  railroads  in 
accordance  with  speed  differences. 

There  are  some  expenses  incident  to  the  passenger  traffic  only,  which 
arc  not  affected  by  speed,  such  as  the  increased  expense  of  buildings 
used  for  the  conduct  of  passenger  business  over  that  used  by  freight, 
the  beautifying  of  station  grounds  for  passenger  business  beyond  that 
which  would  be  done  if  nothing  but  freight  were  handled,  and  a  few 
other  minor  expenses.  The  main  differences,  however,  between  that  in- 
curred for  passenger  as  compared  to  freight  traffic  is  due  to  the  higher 
standard  of  construction  and  maintenance  required  to  handle  with  safety 
and  expedition,  the  faster  passenger  trains  as  compared  with  the  freight 
trains. 

In  making  the  analysis  of  the  expenses,  the  car  mile  was  chosen  as 
the  common  unit  of  the  two  classes  of  traffic,  on  the  assumption  that  it 
measured  mon  mark  the  facilities  required  l>y  each  class  of  traffic  than 
any  other.  Tin-  car  mile  and  train  mile  were  the  only  two  common 
units  reported  by  the  Interstate  Commerce  Commission  and,  taken  as  a 
whole,  there  would  be  a  fairly  definite  relation  maintained  between 
tlxse  two  units  s.,  that  the  conclusions  drawn  would  not  be  materially 
different,  whichever  unit  is  chosi  n 

In  making  th<  analysis,  a  determination  was  made  lor  each  r...id; 
Inst,   oi   the   eai    OliltS   per   mile   oi   mad;    second,   the   proportion   of    those 

cai    mil.-  which  were  passengei   cai   miles,   third,  the  >>>st   per  mile  "i 
i, ..id  i...    Mainti  nam  i   o\   Way  an. I  Structures 


110  TRACK. 

In  order  to  eliminate  two  of  these  three  variables,  the  roads  were 
grouped   into  classes: 

First,  into  groups  of   similar   density   of   traffic,   measured  in  car 

miles  per  mile  of  road. 
Second,    within    each    density    group,    roads    of    like    per    cent,    of 
passenger  traffic  were   segregated. 

The  total  car  miles  on  all  roads  of  like  density  and  like  per  cent,  of 
passenger  traffic  was  added,  as  was  also  the  miles  of  road  and  the  total 
cost  of  Maintenance  of  Way  and  Structures.  The  total  miles  of  road 
was  divided  into  the  total  car  miles,  so  as  to  get  an  average  density,  and 
the  total  miles  of  road  was  divided  into  the  total  cost  to  arrive  at  an 
average  cost  per  mile  of  road  for  each  group  of  like  density  and  like 
per  cent,  of  passenger  traffic. 

From  the  tables  thus  produced,  were  picked  out  groups  of  like  per 
cent,  passenger  traffic  and  different  densities  of  traffic.  These  groups 
of  like  per  cent,  of  passenger  traffic  were  platted  as  shown  in  the  accom- 
panying diagram. 

There  were  a  few  roads  with  no  passenger  traffic,  or  a  very  small 
per  cent.  These  roads  in  many  cases  showed  an  unusually  high  cost  of 
Maintenance  of  Way  and  Structures  per  thousand  car  miles  of  traffic.  An 
investigation  disclosed  that  roads  doing  this  character  of  business  in 
almost  every  case  had  abnormal  expenditures  due  to  an  extraordinary 
percentage  of  miles  of  yard  track  per  mile  of  road,  as  would  be  the 
case  in  a  terminal  railroad,  or,  an  abnormal  charge  per  mile  of  road  for 
docks  and  wharves,,  as  would  be  the  case  ■  >ii  the-  Duluth  &  Iron  Range, 
or  some  other  abnormal  condition,  and  that  the  roads  were  therefore 
not  comparable  with  the  average  railroad,  so  that  in  the  plattings  these 
roads  were  not  used. 

A  separate  line  represents  each  of  the  various  per  cents,  of  passenger 
traffic  to  a  horizontal  scale  of  the  average  cost  of  Maintenance  of  Way 
and  Structures  per  mile  of  road,  and  the  vertical  scale  representing  the 
density  of  traffic  in  thousands  of  car  miles  per  mile  of  road. 

Three  lines  only  were  platted,  representing  a  passenger  traffic  of  7.5 
per  cent.,  12.5  per  cent,  and  20.3  per  cent,  of  the  total  traffic.  These 
particular  percentages  were  chosen  because  a  sufficiently  large  number 
of  roads  could  be  obtained  at  these  per  cents,  to  produce  more  accurate 
plattings  than  of  any  other. 

There  are  three  factors  which  influence  the  cost  of  Maintenance  of 
Way  and  Structures : 

First,  the  elements,  sometimes  called  weather  stress. 
Second,  density  of  traffic. 

Third,  character  of  traffic,  here  separated  as  between  passenger 
and  freight. 

There  may  be  a  fourth  factor,  i.  c.,  the  ability  of  the  management 
to  regulate  the  expenditures  in  strict  accordance  with  the  demand  of  the 
traffic.  If  there  be  this  fourth  factor,  it  will  lose  force  or  disappear 
entirely  in  the  consideration  of  a  large  number  of  roads  as  is  here  done. 
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The  three  factors  are  disclosed  by  this  chart,  the  weather  stress  be- 
ing shown  on  the  line  of  zero  traffic,  and  has  a  different  value  for  roads 
carrying  different  per  cents,  of  passenger  traffic  as  might  be  expected 
because  of  the  different  amount  and  character  of  material  entering  into 
the  construction  of  the  lines  doing  these  different  kinds  of  business. 

The  influence  of  increased  density  of  traffic  on  roads  carrying  a 
given  proportion  of  passenger  traffic,  is  shown  by  all  of  the  lines  on  the 
chart,  showing  an  increased  cost  per  mile  of  road  with  an  increased 
density  of  traffic. 

The  factor  of  increased  cost  due  to  speed  (when  used  synonymous 
with  passenger  versus  freight)  is  shown  by  the  decreased  cost  per  mile 
of  road  for  any  given  density  of  traffic  for  the  smaller  proportions  of 
passenger  traffic. 

The  Committee  asks  that  this  report  be  considered  conclusive  only 
in  so  far  as  passenger  traffic  versus  freight  traffic  can  be  considered 
synonymous  with  fast  speed  versus  low  speed,  and  that  the  subject  be 
referred  back  for   further  investigation  and  future  report. 


TRACK. 


Appendix   G. 

(9)     REPORT   ON    WHETHER   WIDENING   OF   THE   FLANGER 

OF  THE  WHEELS  WOULD  NOT  BE  DETRIMENTAL 

TO  THE  PRESENT  STANDARD  OF  TRACK 

CONSTRUCTION. 

Your  Committee  was  requested  by  the  Secretary  to  report  to  the 
Board  on  Subject  (9)  before  the  fall  meeting  of  the  American  Railway 
Association.  We  submit  herewith  copy  of  a  letter  sent  to  the  Secretan 
October  23,  1917: 

"With  reference  to  the  subject  assigned  to  the  Association  by  the 
American  Railway  Association  and  referred  to  the  Track  Committee 
relative  to  contour  of  chilled  car  wheels,  throat  clearances  for  frogs, 
guard  rails  and  crossings,  effect  of  increase  of  thickness  of  wheel 
flanges,  I  beg  to  advise  that  at  the  last  meeting  of  the  Track  Committee, 
held  in  Chicago,  October  15,  the  Chairman  was  directed  to  send  you  the 
following  communication  : 

"The  Track  Committee  is  willing  to  agree  that  the  flanges  can  be 
increased,  as  recommended  by  the  Chilled  Car  Wheel  people,  without  am 
serious  detriment  from  a  track  standpoint,  provided : 

"(1)  That  the  wheels  are  in  all  cases  accurately  mounted  to  -fV-inch 
additional  spread  gage ; 

"(2)  That  the  allowable  flange  wear  before  wheels  are  removed  be 
changed  so  that  wheels  will  be  removed  when  the  flange  is  worn  to 
within  -rV-inch  of  the  present  limit  of  removal; 

"(3)  That  more  care  be  used  in  matching  wheels  on  any  given  axle 
on  account  of  the  reduction  in  play  and  the  corresponding  reduction  in 
compensation  from  coning; 

"(4)  That  this  flange  width  be  confined  to  flanges  of  four-wheel 
freight  car  trucks ; 

"(5)  That  this  conclusion  on  the  part  of  the  Track  Committee  be 
not  construed  as  an  invitation  to  increase  the  axle  load. 

"With  the  above  provisions,  it  is  believed  that  it  will  be  unnecessary 
to  make  any  difference  in  the  width  of  flangeway  of  frogs  and  crossings, 
or  change  the  present  method  of  track  construction." 


11 X 


REPORT    OF    COMMITTEE    XXII-  ON  ECONOMICS  OF 
RAILWAY  LABOR. 

I-..  R.  Lewis,  Chairman;  < .".  11.  Stein,  Vice-Chairman; 

\\.  J    Backes,  C.  B.  Hoyt, 

R.  A.  Baldwin,  C.  M.  James, 

J.  Q.  Barlow,  W.  A.  James, 

A.  F.  Blaess,  A.  C.  Mackenzie, 

W.  M.  Camp,  Thos.  Maney. 

H.  M.  Church,  J.  C.  Nelson, 

W.  R.  Dawson,  '  '■  A..  Paquetth. 

R.  C.  Falconer,  J.  W.  Pfau, 

R.  H.  Ford,  H.  R.  Safforh. 

W.   R.   Hillary,  H.  J.  Slifer, 

E.  T.  Howson, 

Committee. 

To  the  American  Railway  Engineering  Association : 

Your  Committee  on  Economics  of  Railway  Labor  respectfully  sub- 
mits its  report  to  tbc  nineteenth  annual  convention. 

Your  Committee  was  assigned  the  following  subject  by  the  Board  of 
Direction : 

"Study  and  report  on  the  Economics  of  Railway  Labor."     . 

There  is  no  subject  of  more  importance  to  railway  companies  than 
labor.  The  increasing  cost  of  living,  and  the  removal  from  the  American 
field  of  many  thousands  of  workers  from  all  walks  of  life  for  military 
duty,  and  of  other  thousands  to  war  industries,  only  partially  explains 
the  present  difficulties  of  employers.  There  is  an  unrest  among  men; 
there  is  a  labor  atmosphere  surcharged  with  an  energy  which  must  be 
wisely  directed  to  prevent  dire  calamity. 

Thirty  years  ago  this  cloud  was  no  larger  than  a  man's  hand.  To-day 
it  dominates  the  industrial  world.  America  has  profited  by. some  of  the 
errors  of  the  Allies  in  preparations  for  war.  Is  there  any  reason  why 
she  should  not  profit  by  their  industrial  errors,  to  the  end  that  the 
present  labor  situation  may  be  turned  to  the  advantage  of  the  body 
politic,  with  the  prevention  of  the  results  now  openlj  prophesied  by  ex- 
tremists and  labor  agitators?  The  interests  which  arc  represented  by 
the  membership  of  this  Association  have  most  at  stake  in  this  matter. 
The  railroads  of  America  form  its  greatest  industry.  They  are  of  first 
importance  to  our  civilization.  They  are  the  arteries  which  carry  the 
life-blood  of  the  nation.  Therefore  the  Economics  of  Railwa)  Labor 
is  of  paramount  importance,  not  only  to  this  Association,  but  to  the 
nation  at  large,  and  therefore  to  the  whole  world  in  the  present  interna- 
tional crisis. 

With  this  survey  of  the  subject  assigned,  your  Committee  has  under- 
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taken  the  investigation  of  four  phases  believed  to  be  most  necessary  to 
a  thorough  understanding  of  the  railway  labor  problem  *»f  the  day. 

(1)  BIBLIOGRAPHY. 
Your  Committee  presents  in  Appendix  A  an  indexed  tabulation  of 
publications  each  of  which  treats  wholly  or  in  part  on  some  phase  or 
phases  of  the  Economics  of  Labor.  This  tabulation  gives  the  name  of 
the  author,  the  title  and  date  of  the  publication,  and  the  shortest  possible 
description   for  the  guidance  of  the  investigator. 

(2)     METHODS  OF  SECURING  LABOR. 

The  primary  importance  of  the  advantages  of  thorough  organization 
among  railway  companies  of  means  to  obtain  labor  is  accentuated  by  the 
bidding  against  each  other  of  employers  in  labor  markets  during  the 
past  season. 

Manufacturers  have  been  able  to  balance  increasing  labor  costs  by 
like  increases  in  selling  prices  of  products,  whereas  the  railways  could 
not  at  will  increase  the  selling  price  of  transportation.  Nevertheless  the 
manufacturers  have  organized  labor-getting  departments  while  the  rail- 
ways have  so  far  made  little  advance  along  these  lines.  If  the  railways 
continue  to  pay  lower  wages  than  other  employers,  superior  organization 
for  obtaining   railway  labor  must  be  made  available. 

High  wages  and  high  living  go  hand  in  hand.  The  high  cost  of 
living  is  in  reality  the  cost  of  high  living  in  the  case  of  the  laborer  as 
in  the  case  of  the  employer.  Tn  searching  the  field  for  means  to  retain 
labor,  capital1  realties  the  advantages  of  good  feeding  and  good  housing. 
Here,  too,  the  railways  experience  various  difficulties  not  presented  to 
the  manufacturer.  Many  men  will  not  work  where  they  cannot  have  the 
advantages  of  the  settled  community.  Therefore  it  is  of  vital  im- 
portance that  the  railways  offer  to  labor  reasonable  living  accommoda- 
tions. Without  them,  labor  cannot  be  hired,  or,  being  hired,  cannot  be 
retained.  And  not  being  retained,  the  cost  of  the  labor  turnover  threat- 
ens to  far  exceed  the  cost  of  the  living  accommodations  required  to 
reduce  it  to  a  level  of  true  economy. 

The  report  on  this  subject  is  given  in    Vppendix  B. 

(3^     FEEDING    \\'i>    HOUSING   OF    MAINTENANCE   OF   WAV 
WD  CONSTRUCTION  EMPLOYES. 
Y'Hn  Committee  presents  its  reporl  on  this  topic  in    Appendix  C 

(4)     EQTJ  \  I 'ING  TRACK  SECTIONS. 
Your   Committee    reports   progress   in   compiling   data   based   on   the 
reports  received   from   twenty   railroads  of  the  distribution   of  labor  on 

sfvcnl  \  -m\    Special    track    sections    located    as    shown    in    Exhibit    No.    1    of 

tlii-  report  "i  th<    Track  Committee,  on  page  433,   Vol:  18,   Proceedings 
foi   L917.    Two  of  these  roads  have  reported  discontinuing  this  report  on 
nt  of  insufficient  force  and  abnormal  conditions  of  labor 
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Your  Committee  solicits  increased  co-operation  from  the  membership 
m  the  collection  of  this  data.  There  is  nothing  burdensome  in  the  pro- 
cedure, which  is  merely  the  setting  down  of  the  distribution  of  section 
labor  in  line  with  Interstate  Commerce  Commission  requirements  on 
forms  supplied  by  this  Association.  The  deductions  are  all  made  by  the 
Committee.  It  is  moreover  vital  to  the  success  of  this  undertaking  that 
continuous  records  be  kept  by  all  roads  reporting,  covering  a  certain 
period  of  years,  in  order  that  a  composite  diagram  may  be  deduced,  at 
the  end  of  that  period,  of  labor  distribution  typical  of  the  period  and  of 
the  roads  concerned. 

That  conditions  arc  abnormal  does  not  seriously  affect  the  com- 
parative value  of  the  information.  It  is  probable,  and  indeed  evident, 
that  past  conditions  of  labor  will  not  recur;  that  what  were  normal 
conditions  in  1915  may  never  be  normal  with  conditions  of  the  future. 
But  your  Committee's  report  is  to  be  based  essentially  on  comparisons 
of  labor  employment  on  roads  in  various  geographical  locations,  main- 
tained under  various  conditions  of  climate,  traffic  and  track  character- 
istics, covering  one  continuous  period  of  years.  Any  condition  affecting 
the  whole  country  such  as  the  present  scarcity  of  men  and  resulting  high 
wages  due  to  the  war,  will  not  be  a  large  factor  in  the  comparative 
results  desired.  While  it  has  been  found  impossible  to  tabulate  reports 
received  this  season,  it  is  hoped  that  full  information  will  be  available 
for  presentation  to  the  next  convention. 

COMMITTEE  MEETINGS. 
Meetings  of  the  whole  Committee  were  held  in  Chicago  June   19th, 
September   11th,  and  October  30th,   in  addition   to  the  meetings  held  by 
the  various  Sub-Committees. 

CONCLUSIONS. 
Your   Committee    recommends: 

1.  That  the  Bibliography,  Appendix  A,  be  accepted  as  information 
and  printed  in  the  Proceedings. 

2.  That  the  report  on  Methods  of  Securing  Labor  be  accepted  as 
information  and  printed  in  the  Proceedings. 

3.  That  the  report  on  Feeding  and  Housing  of  Maintenance  of  Way 
and  Construction  Employes  be  accepted  as  information  and  printed  in 
the  Proceedings. 

SUGGESTIONS   FOR   NEXT  YEAR'S   WORK. 

1.  Study  and  report  on  plans  for  organizations  to  obtain  labor  for 
railways. 

2.  Continue  the  study  of  Equating  Track  Sections. 

3.  Study  and  report  on  typical  plans  of  boarding-cars  and  boarding- 
liouses   for  railway  laborers. 

Respect  lull;,    submitted, 

The  Committer  on  Economics  of   Railway   Lauok. 
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(1)     BIBLIOGRAPHY. 
Sub-Committee. 
A.  F.  Blaess,  Chairman;  R.  H.  Ford, 

W.  M.  Camp.  W.  A.  James, 

H.  M.  Church,  H.  J.  Slifer, 

AMERICAN    RAILWAY    ENGINEERING    ASSOCIATION. 

BIBLIOGRAPHY    OF    ECONOMICS    OF    LABOR    EMPLOYED    IN 

THE  ENGINEERING  AND  MAINTENANCE  OF  WAY 

DEPARTMENTS  OF  RAILROADS. 

General. 

General  Subjects. 

Notes  on  Track — Construction  and  Maintenance.  W.  M.  Camp. 

Published  by  the  author  at  Auburn  Park,  Chicago. 
Economics  of  Railway  Operation.  M.  L.  Byers. 

Engineering  News  Publishing  Co. 
Railway  Track  and  Track  Work.  E.  E.  R.  Tratman. 

Engineering  News  Publishing  Co. 
Winter  Track  Work.  E.  R.  Lewis. 

Railway  Educational  Press,  Inc.,  Chicago. 
Section  Gangs  Need  to  Make  Change  in  Gauge. 

Proceedings  of  the  meeting  of  roadmasters  of  the  Atlantic  &  Great 
Western  R.  R.,  New  York,  Pennsylvania  &  Ohio  Railroad,  held  at 
Meadville,  Pa.,  November  13,  1879.     Cleveland,  O.,  1880,  p.  224. 
U.  S.  Department  of  Labor. 

Fifth  Annual  Report  of  the  Commissioner  of  Labor,  1889.     Railroad 
Labor.     Washington,  1890. 

Contains  material  on  hours,  wages  and  working  conditions  of  all 
classes  of  employes,  including  track  and  other  workmen. 
Railway  Employes  in  the  United  States.  Samuel  McCune  Lindsav. 

1901  Bulletin  37.    U.  S.  Bureau  of  Labor. 

Gives  wages  and  working  hours  of  all  classes  of   employes,  in- 
cluding those  on  track  and  engineering  work. 
The  Unskilled  Laborer.  Editorial. 

Relation  between  unskilled  labor  and  immigration.  1500  w. 

Railway  and  Engineering  Review,  Vol.  47,  p.  750,  August  24,  1907. 
Why  Efficient  Track  Work  is  Skilled  Labor.  W.  M.  Camp. 

The  advantage  of  skilled  labor  in  Maintenance  of  Way  Work.         2000  w. 
Railway  and  Engineering  Review,  Vol.  47,  p.  992,  Novcmbcf  16,  1907. 
Railway  Maintenance  of  Way.  E.  E.  R.  Tratman. 

Paper  read  before  Roadmasters  and  Maintenance  of  Way  Association. 
General  discussion  of  Railway  Maintenance  work.  3000  w. 

Railway  and  Engineering  Review,  Vol.  48,  p.  939,  November  21,  1908. 
New  Phases  of  the  Railway  Labor  Problem.  Editorial 

The    strike    problem    and    railway    generally,    is    becoming    a    serious 

problem. 
Railway  Age  Gazette,  V<>1  48,  p.  981;    \pnl  IS,  1910. 
Efficiency  in  Track  Work. 

A   discussion   of   the   deterioration    in    track    labor    as   compared    with 
20  years  a^"  and  BOtHC  of  the  reasons   for  this  change.  1000  w. 

Railway  Age  Gazette,  [one  16,  1911,  p   1417. 
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Enlisting  the  Co-operation  of  Foremen.  Editorial. 

An  editorial  discussion  of  the  results  which  can  be  secured  from 
cultivating  this  class  of  employes.  400  w. 

Railway  Age  Gazette,  July  21,  1911,  p.  123. 
Section  Foremen  Meetings.  Editorial. 

An  editorial  discussion  of  the  benefits  to  be  gained  by  holding  fre- 
quent  meetings  of  the  section   foremen.  700  u . 
Railway  Age  Gazette,  October  20,  1911,  p.  780. 
Cosl   Data  for  the  Section  Foremen.                                                    Editorial. 
An   editorial   discussion  of  the   importance  of   giving   information   of 
this  character  to  the  men.                                                                1500  w. 
Railway  Age  Gazette,  November  17,  1911,  p.  1002. 
Track   Maintenance  Methods  on  Chicago  Great   Western    R.   R. 

\listraet  of  an  instruction  pamphlet  for  foremen,  outlining  standard 
practice  in  conduct  of  routine  track  work.  5500  w. 

Engineering  Record,  Vol.  64,  p.  592;  November  18,  1911. 
Labor  Conditions  of  Railway  Employes  in  Prussia. 

Statistics  on  the  labor  situation  presenting  tables,  giving  age,  per- 
centage, hours  of  labor,  invalid  and  pension  service,  wage  scales, 
etc.  4200  w. 

Gluck  Auf,  February  3,  1912. 
The  Future  Supply  of  Section  Foremen.  Editorial. 

An  editorial  discussion  of  the  sources  from  which  men  will  be  drawn 
for  these  positions  in  the  future.  500  w. 

Railway  Age  Gazette,  February  16,  1912,  p.  289. 
The  Section  Foreman  Problem.  Editorial. 

An  editorial  discussion  of  the  handicaps  of  the  present  situation  and 
of  methods  of  overcoming  them.  1800  w. 

Railway  Age  Gazette,  April  19,  1912,  p.  903. 
The  Problem  of  the  Section  Foreman. 

Twelve  contributions  received  in  the  discussion  of  this  subject  by 
track  men.  7500  w. 

Railway   Age  Gazette,   April   10,   1012;   p.  905. 
Watchman  of  the  Tracks.  Bailey  Millard. 

Technical  World  Magazine,  Vol.  17,  p.  395-403;  June,  1912' 
Hats   off   to   the    Section    Hand.      He    works    on    honor    and   his    job    is 
important  and  calls  for  great  devotion.  Tames  O.  Fagan. 

Boston  Herald,  September  8,  1912. 
Pennsylvania  Track  Inspection. 

A  description  of  the  manner  of  conducting  this  inspection  and  of  the 
results  of  the  1912  examination.  700  w. 

Railway  Age  Gazette,  October  17,  1912,  p.  750. 
The  Foreman  Problem.  F.  M.  Patterson. 

\  comparison  of  the  conditions  existing  to-day  with  those  of  two 
decades  ago,  with  some  constructive  suggestions  for  improving  the 
present  situation.  700  w. 

Railway  Age  Gazette,  October  17,  1912,  p.  762. 
The  Track  Labor  Problem.  F.  L.  Jandron. 

Discusses  the  present  track  employe  and  the  reasons  why  he  should 
lie  put  on  a  definite  footing  in  regard  to  wages.  4000  w. 

Railway  and  Engineering  Review,  Vol.  53,  p.  369;  April  19,  1913. 
\   Section  Foreman's  View.  W.  E.  Schott. 

\  comment  on  the  attitude  railway  managements  show  toward  their 
foremen.  500  w. 

Railway  Age  Gazette,   March   13,   1914,  p.  520.    ■ 
The  Track  Walker.  Emory  J.  Havnes. 

Washington   Herald,  July  17,  1014,  p.  6,  col.  3. 
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Discipline  in  the  Maintenance  of  Way  Department. 

Three  discussions  of  methods  of  enforcing  discipline  among  track 
and  bridge  men.  2500  w. 

Railway  Age  Gazette,  July  17,  1914,  p.  129. 
Discipline  Records  in  the  Maintenance  of  Way  Department.     A.  Swartz. 
Emphasizing  the  need  of  complete  detailed  records  of  all  infractions 
of  rules  and  the  discipline  imposed.  1000  w. 

Railway  Age  Gazette,  August  21,  1914,  p.  338. 
Maintenance  of  Way  and  Structures.  William  C.  Willard. 

1st  ed.     New  York,   McGraw-Hill  Publishing  Co..   1915. 
Duties  of  employes  in  the  Maintenance  of  Way   Department  and 
character  of  workmen ;  pp.  21-28. 
Methods  of  Conducting  Annual  Track  Inspections. 

Descriptions  of  the  practices  found  on  different  roads  to  promote 
efficiency  among  their  track  foremen  to  the  conducting  of  annual 
track  inspection.  6000  w. 

Railway  Age  Gazette,  February  19,  1915,  p.  325. 
Exploiting  John  Jones,  Laborer.  Editorial. 

Describes  bleeding  of  laborers  by  employment  bureaus.  Advocates 
governmental  control.  700  w. 

Engineering  Record,  Vol.  71,  p.  702;  June  5,  1915. 
The  Rising  Wage  Differential  and  the  Cure. 

A  discussion  of  the  continually  increasing  gap  between  the  wages 
received  by  Maintenance  of  Way  employes  and  those  in  jDther 
branches  of  the  service  where  the  men  are  organized.  700  w. 

Railway  Age  Gazette,  June  18,  1915,  p.  1429. 
The  Labor  Problem.  _  Editorial. 

An   editorial   discussion  of  the  advantages  of  contracting  certain   de- 
tails of  track  work. 
Railway   Age  Gazette,  June  18,   1915,  p.  1428. 
Giving  the  Railroad  Employe  a  Better  Chance.  Editorial. 

Discusses  desirability  of  a  system  for  the  promotion  of  men  and 
advocates  the  abandonment  of  haphazard  promotion.  1200  w. 

Engineering  Record,  Vol.  72,  p.  154;  August  7,  1915. 
\nother  View  of  the  Section  Foreman's  Problem.  J.  T.  Bowser. 

The  excellent  results  of  showing  appreciation  of  good  work  are 
pointed  out.  600  w. 

Railway  Age  Gazette,  September  17,  1915,  p.  532. 
Track  Maintenance.  K.   L.  Van  Auken. 

First  of  a  series  of  articles.     Discusses  the  labor  problem.        2500  w. 
Railway  Review.  Vol.  57.  p.  524,  526;  October  23,  1915. 
Track   Maintenance.     The   biq    problem      Labor'.  K.    I.     Van    Auken. 

Railway  Review,  Vol.  57,  p.  526-501  ;  October  23,  1915. 
Contract  Fallacies  from  Australia.  Editorial. 

Discusses  methods  used  by  the  Australian  Government  in  dealing 
with  railroad  contractors.  500  w. 

Engineering  Record.  Vol.  72.  p.  682;  December  4,  1915. 
How  Australia   Builds   Us  Railroad*  Morris  E.  Kcrnot 

Paper  before   International    Engineering   Congress.     Tells   why   direct 
labor  lias  supplanted  contractor  on  government  owned  lines.  2500  w 
Engineering  Record,  Vol,  72,  p.  694;   December  4,  1915. 
Scientific   Study   of   the  Track    Labor    Problem  Editorial. 

\    discussion   of   the    presenl    Unscientific    method    of   handling   labor, 
with  suggestions  for  the  application  of  more  modern  ideas.    1200w. 
Railwd)    Vge  GazetU  .  [anuan  21.  1916    p.  110 
The  Future  of  the  Section  Foreman  W    II    Edwards 

Inadequate    wages   and    th<    popular    idea    of    tbe    inferiority   of   the 
position  are  decreasing  tb<'  numbei   ol  candidate!  for  this  position 
Railway  Age  Gazette,  Fanuary  21,  1916,  p,  131.  1000  w. 
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The  Labor  Situation. 

A  discussion  of  the  prospects  for  the  season  of  1916.  500  w. 

Railway  Age  Gazette,  February  18,  1916,  p.  302. 
Conserving  the  supply  of  Track  Laborers.  J.  P.  Costello. 

Advocates  higher  wages   as  means  of  getting  better   class   of   labor. 
Railway  Review,  Vol.  58,  p.  262;  February  19,  1916.  2000  w. 

Handling  Track  Laborers  of  Different  Nationalities.         K.  L.  Van  Auken 
Third  of  a  series  of  articles.     Discusses  the  handling  of  laborers  of 
different  nationalities.  4000  w. 

Railway  Review,  Vol.  58,  p.  269;  February  19,  1916. 
Brazilian  Opportunities  and  the  Brazilian  Railway.  F.  E.  Lawrence. 

Describes  the   construction   and   organization   of   the    Brazil    Railway 
Company  and  describes  labor  conditions.  5000  w. 

Engineering  News,  Vol.  75,  p.  345  ;  February  24,  1916. 
Tact  in  Hiring  Employes. 

Railway  Age  Gazette,  Vol.  60,  p.  489:  March  17,  1916. 
The  Labor  Situation.  Editorial. 

An  editorial  discussion  of  the  shortage  of  labor  and  of  the  conditions 
contributing  to  it.  600  w. 

Railway  Age  Gazette,  March   17,   1916,   p.  489. 
The  Labor  Situation. 

A  resume  of  the  track  labor  situation  in  different  parts  of  the  coun- 
try. 3000  w. 
Railway  Age  Gazette,  March  17,  1916,  p.  495. 
American  Academy  of  Political  and  Social   Science. 
Personnel  and  employment  problems. 
Its  Annals,  Vol.  65,  p.  326:  May,  1916. 
Dodging  the  Track  Labor  Problem.                                                     Editorial. 
Discusses   various   methods   used   to   circumvent    the    labor    shortage. 
Railway  Review,  Vol.  59,  p.  150;  July  29,   1916.  900  w. 
A  Higher  Wage  Rate.                                                                              Editorial. 
A  discussion  of  the  effect  of  paying  a  higher  rate  for  laborers  on 
the  supply  for  railway  maintenance  work.  500  w. 
Railway  Maintenance  Engineer,   September,  1916,  p.  259. 
The  Labor  Problem. 

A   study  of  the  conditions  which  are  working  to  attract   men   from 
railway   service  into  other   industries   and   advocating   the   employ- 
ment of  track  men  throughout  the  year.  800  w 
Railway  Maintenance  Engineer,   September.   1916,  p.  259. 
Handling  nf  Filipino  Labor  one  of  the  Problems  in  the  construction  of 
the  Baguio  Railroad.                                                               W.  M.  Butts 
Description  of  labor  and  engineering  problem  in  the  construction  of 
the  line.                                                                                            1800  w 
Engineering  Record,  Vol.  74,  p.  351 ;  September  16,  1916. 
The  Wop  in  the  Track  Gang.                                                          D.  T.  Ciolli. 
Exaggerated  arraignment  of  conditions  affecting  unskilled  track  labor. 
Railway  Review,  Vol.  59,  p.  373;  September  16,  1916.                   2500  w. 
The  Track  Labor   Situation.                                                                  Editorial. 
Blames  short-sighted  policy  of  railroads  for  present  labor  conditions. 
Railway  Review,  Vol.  59,  p.  486;  October  7.  1916. 
Men  Cheaper  than  Machines  on  Trunk  Line  Ry.  Construction  in  China. 

E.  Park. 
Describes  labor  conditions  encountered  on  the  Canton-Hankau  Ry. 
Engineering  Record.  Vol.  74,  p.  525;  October  28.  1916. 
Material   Prices  Reflect  Labor  Conditions.  Henry   D.   Hammond 

Discusses   causes  of  price  increases   and  their   relation    to  the   labor 
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situation.     Concludes   the  present   high   prices   are    due   largely   to 
permanent  causes.  1800  w. 

Engineering  Record,  Vol.  75,  p.  9;  January  6,  1917. 
Conditions  in  the  Labor  Market. 

A  resume  of  labor  conditions  in  various  parts  of  the  country  based 
upon  letters  from  railway  men  in  the  labor  centers.  4500  w. 

Railway  Maintenance  Engineer,  March,  1917,  p.  83. 
The  Reduced  Supply  of  Track  Labor.  Editorial. 

A  discussion  of  the  outlook  for  1917,  indicating  an  acute  shortage. 
Railway  Age  Gazette,  March  9,  1917,  p.  384. 
Engineering    Methods    must    replace    Paternalism    in    the    Handling    of 
Labor.  Frances  A.  Kellor. 

Scientific  planning  should  be  applied  to  industrial  railway  management 
and  embrace  whole  field   of   employment,   promotion   and   housing. 
Engineering  News-Record,  Vol.  78,  p.  82;  April  12,  1917.  3500  w. 

Scarce  Labor.  Editorial. 

Discussion  of  the  situation  produced  by  scarcity  of  labor.  600  w. 

Engineering  News-Record,  Vol.  78,  p.  106;  April  12,  1917. 
Common  Labor  Hard  to  hold  on  job  of  track  elevation,  Rock  Island  finds. 
Labor  conditions  on  track  elevation  work  near  Chicago.     Men   stay 
on  work  on  average   of  only  4.8  days,  making  work  very  costly. 
Engineering  News-Record,  Vol.  78,  p.  186;  April  26,  1917.        1200  w. 
Holding  Men  on  the  Job.v  Editorial. 

Experience    of    the    Rock    Island    Railroad    on    track    elevation    near 
Chicago.  800  w. 

Engineering  News-Record,  Vol.  78,  p.  216,  April  26,  1917. 
How  to  keep  a  Construction  Camp  Clean  and  Sanitary. 

Rules  adopted-  for  Alaskan  Ry.  work  for  general  application  on  all 
construction  jobs.  1000  w. 

Engineering  News-Record,  Vol.  78,  p.  496;  June  7,  1917. 
The  Maintenance  of  Way  Labor  Problem. 

A  detailed  discussion  of  the  shortage,  the  conditions  leading  up  to  it 
and  methods  of  overcoming  it.  6000  w. 

Railway  Age  Gazette,  June  22,  1917,  p.  1314. 
Labor  Conditions  and  How  Contractors  See  Them. 

Shortage  of  supply  and  shifting  of  men  from  place  to  nlacc  Constitutes 
a  difficult  problem  and  is  chief  cause  of  decreasing  efficiency.  8000  w. 
Engineering  News-Record,  Vol.  78,  p.  651  ;  June  28,  1917. 
Economics  of  Track  Labor.  Editorial. 

A    discussion    of    the    effective    employment    of    men    to    secure    the 
maximum  returns  from  their  labor.  400  w. 

Railway  Maintenance  Engineer,  August,  1917,  p.  236. 
Economics  of  Roadway  Labor. 

Report   of   Committee   on    Roadway,    American    Railway    Engineering 

Association,  1914. 
Proceedings,  Vol.  15,  p.  398. 
Economics  of  Track  Labor. 

Report  of  Committee  on  Track.   American   Railway   Engineering  As- 
sociation. 
Proceedings,  Vol.  14,  p.  108-1066,  1913. 


Proceedings,  Vol.  15,  p 

I  'i  ■  ici  edings,  Vol.  16,  p 

l'i oceedings,  Vol.  17,  p 

Proceedings,  Vol.  18,  p 


587-1 0M.  1914. 
716,  1015. 
370.  ion, 
401,  1017 


Labor    Organizations. 

Public  Rights  in  Labor  Disputes  Editorial. 

Railroad  Garette,  Vol,  1*',  p   130;  February  25,  18S7 


122  ECONOMICS    OF    RAILWAY    LABOR. 

The  Fallacy  of  Strikes. 

Railroad  Gazette,  Vol.  20,  p.  159;  March  9,  1888. 

Railway   Strikes  :    What   should   be   done   in   the    way   of    Prevention   and 

Control.     Chicago,  June  20,  1893,  21  p.  8vo.     Elijah  W.  Meddaugh 

Abstract  in  Railway  Age,  Vol.  2'?,  p.  517.  lulv  14.  1893;  reply  A.  G.  R.. 

p.  682 ;  Sept.  15,  1893  ;  p.  692.  Editorial"  Comment. 

A  Remedy  for  Strikes. 

Railroad  Gazette.  Vol.  26,  p.  487;  July  13,  1894. 
Compulsory  Arbitration.     A  half-way  House  to  Socialism.       J.  A.  Hobson. 

North     American  Review,  Vol.  175,  p.  597-606;   November,  1902. 
One  Consideration  in  dealing  with  Strikes. 
The  danger  of   irresponsible  organizers. 
Railroad  Gazette,  Vol.  35,  p.  250;  April  3,  1903. 
New   Phases  <>f  the  Railway   Labor   Problem.  Editorial. 

The    strike    problem    and    railway    generally,    is    becoming    a    serious 

problem. 
Railway  Age  Gazette,   Vol.  48,  p.  981;    April   15.    1910. 
The  Right  to  Strike:     Its  Limitations.  foseph   I.   Feely. 

Railway  Age  Gazette,  Vol.  49,  p.  193;  July  29,  1910. 
Tlie     Recent     Immigrant     in      Railway      Construction     and      Maintenance 
Work.  W.  J.  Lauck. 

A  discussion  of  the  methods  of  hiring  foreign  labor  and  their 
working  conditions,  based  on  information  developed  by  the  United 
States    Immigration    Commission.  5000  w. 

Railway  Age  Gazette,  May  26,  1911,  p.  1201. 
Labor  Unionism.  1..  F.  Lorec. 

An  address  delivered  before  the  annual  dinner  of  the  American 
Railway  Engineering  Association.  March  20.  1912 ;  a  plea  for  more 
attention  to  this  subject.  3500  w. 

Railway  Age  Gazette,  March  21,  1912,  p.  643. 
Compulsory    Arbitration    in    the    Railroad    Engineers'    Award.        Samuel 
Gompers. 
American  Federationist,  Vol.  20,  p.  17-31  ;  January.  1913. 
Compulsory  Arbitration.  Editorial. 

Electric  Railway  Journal,  Vol.  41,  p.  791  :  May  3.  1913. 
The  Railroad  Strike  Menace.  Editorial. 

Journal  of   Commerce.   July  5.   1913.   p.  4,  col.    1. 
International  Brotherhood  of  Maintenance  of  Way  Employes.    A.  B.  Lowe. 
Organization     provides    opportunity     for     self-development,   promotes 

self-respect. 
American    Federationist,    Vol.   20,   ]>.    718-19;    September,    1913. 
P.oard  of   Arbitration   in   the  Controversy  between   the   Southern   Railway 
Companv,  etc.,  and  the  International   Brotherhood  of   Maintenance 
of  Way  "Employes.  1913. 
Arbitration  of  wage  dispute,  December  17.  1913. 
Washington,  1914.  Vol.  21.  p.  8. 
H.  A.   Herbert,  Chairman. 
International  Brotherhood  of  Maintenance  of  Way  Employes. 
Constitution.     St.  Louis  (Detroit).  1905,  1915. 
Reports  of  Grand  Presidents,   1914. 
Selected  Articles  on  the  compulsory  arbitration  of  industrial  disputes. 

Lamar  T.  Beman. 
2nd  Ed.     White  Plains.  X.  V.     H.  W.  Wilson  Company,  1915. 
(  hanees  in    Mediation  and   Arbitration   Law   urged  by    lulins   Kruttschnitt. 

Railway  Age  Gazette.  Vol.  58,  p.  1126-27:  May '28,   1915. 
International   Brotherhood  of  Maintenance  of  Way  Employes.    F.  Finnson. 
\    few    facts   nf    what    has    been    accomplished    during    the   past    year 
American  Federationist.   Vol.  23.  p.  794-95:   September.  1916. 
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Selection  of  Maintenance  of  Way  Labor. 

Method  of  Selection  and  Characteristics  of  Various  Types  of  Laborerc 

Indians  as  Track  Laborers.  E.  W.  Lyman. 

Favorable  experience  with    Indians   as   Track  Laborers.  800  w. 

Railway  and  Engineering  Review,  Vol.  48,  p.  649;  August  8,  1908. 
Efficiency  in  Track  Work. 

A  discussion   of   the   deterioration   of   track   labor   as   compared    with 
twenty  years  ago  and  some  of  the  reasons  for  this  change.       1000  w. 
Railway  Age  Gazette,  June  16,  1911,  p.  1417. 
The  Hobo  as  a  Track  Laborer. 

Three  discussions  of  the  advantages  and   shortcomings   of   this   class 
of  maintenance  labor.  t  2600  w. 

Railway  Age  Gazette,  June  21,  1912,  p.  1567. 
The  Negro  as  a  Track  Laborer. 

Four   discussions   of   the   qualifications   of    this   race    for   track    work. 

Railway  Age  Gazette,  July   19,  1912,  p.  121.  3000  w. 

Foreigners  in  the  Railroad  Service.  Peter  Roberts. 

Railroad  Assn.  Magazine,  Vol.  1,  p.  15  and  16;  August,  1912. 
The  Italian  as  a  Track   Laborer. 

Four  discussions   of   the   characteristics   of   this   nationality    and   their 
adaptability  to  track  work.  500(1  w. 

Railway  Age  Gazette,  August  16,  1912,  p.  303. 
The  Mexican  as  a  Track  Laborer. 

Four  discussions  of  the  characteristics  of  this  class  of  employes  and 
their  adaptability  to  track   work.  4800  w. 

Railway   Age  Gazette,   September  20,   1912.   p.  527. 
Foreign  Labor. 

An  abstract  of  a  committee  report  presented  at  the  convention  of  the 
Roadmasters'  Association.  2000  w. 

Railway  Age  Gazcte.  September  20,   1912,   p.  534. 
Foreign  Track  Labor. 

Committee  report  of  Roadmasters  and  Maintenance  of  Way  \- 
sociation.  Discusses  method  of  obtaining  efficiency  from  foreign 
labor  in  the  shortest  space  of  time.  3500  w. 

Railwa)    and  Engineering   Review,  Vol,  52.  p.  867;   September 21,  1912 
The  Pole  and  Slav  as  Track  Laborers. 

Four   discussions   of   the  qualifications   of   some   of   these   nationalities 
for  maintenance  of  way   work.  .InilOw. 

Railwa)    Age  Gazette.  October   IS,   1012,  p.   7(7. 
Tlie  Japanese  as  a  Track  Laborer. 

Four    discussions   of    the   adaptability    of    this   nationality    to    track 
work.  3000  * 

Railway    \ge  Gazette,  November  15,  1912,  p.  949. 
The  Hindoo  as  a  Track  Laborer. 

Two  discussions  of  ibis  class  of  labor  employes  in  considerable  num 
hers  in  the  northwest.  1500 w. 

Railway  Age  Gazette,  December  20,  1912,  p.  1205. 
The   Efficiency   of   Maintenance  of  \Ya\    Laboi  11     (      I  .union 

\  discussion  of  tin-  character  of  labor  employed,  the  organization  of 
the   gang,   and   the   methods   l>\    which   tlie   efficiencj    ma)    be    m 

(Teased  3000  W 

Railwa)    \.g<    Gazette,  Maj   16,  W13,  p.  1087. 
Handling  Track  I  nborers  of  Differenl   Nationnlil  rt         K    I     \    n    '  • 
Third  of  a  series  of  articles,     I  »is,usses  the  handling  of  i.i' 

differenl  nationals  1000  w. 

Railwa)    Review,  Vol.  58,  p.  269;   Februa'n    l".  191ft 
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Misfits,  Physical  and  Mental.  Editorial 

World's  Work,  Vol.  31,  p   482;  March,  1916. 
Italians  have  made  remarkable  progress  in  railroading  because  they  are 
not  "Don't  Care"  men  and  work  for  safety  of  passengers. 
Seattle    (Wash.)    Post-Intelligencer,   March   5,   1916. 
Hiring  and  Firing.  M.  W.  Alexander 

The  economic  waste  and  how  to  avoid  it. 
American  Industries,   Vol.  16,  p.  17-22;   August,  1915. 
Reprinted  in  Railway  Review,  Vol.  57,  p.  286-87;  August  28,  1915. 
Reprinted  in  Stone  &  Webster  Public  Service  Journal,  Vol.  17,  p.  178; 

September  15. 
Reprinted  in  American  Academy  of  Political  &  Social   Science.  An- 
nals, Vol.  65,  p.  128-44;  May,  1916. 
Studying  our  Labor.  Editorial. 

An  editorial  discussion  of  the  importance  of  studying  the  character- 
istics of  each  nationality  of  track  labor  employed  and  the  arranging 
of  the  work  and  organization  of  the  gang  to  utilize  these  character- 
istics to  the  best  advantage.  300  w. 
Railway  Maintenance  Engineer,  September,  1916,  p.  257. 
The  Negro  as  a  Maintenance  Laborer. 

Two  discussions  of  the  characteristics  of  this  class  of  men  and  their 
adaptability  to  track  work.  4800  w. 

Railway  Maintenance  Engineer,   February,  1917,   p.  37. 
Mexicans  as  Track  Laborers. 

Four  discussions  of  the  characteristics  of  this  race  and  their  adapt- 
ability to  track  work.  4000  w. 
Railway  Maintenance  Engineer,  March,  1917,  p.  71. 
Defects  in  the  Methods  of  Hiring  Men. 

Three  discussions  of  the  serious  disadvantages  under  which  the  rail- 
roads are  now  laboring  and  their  methods  of  hiring  men  for 
track  work.  5000  w. 

Railway  Maintenance  Engineer,  June,  1917,  p.  175. 
The  American  Hobo. 

A   discussion  of   the   disappearance   of  the  hobo   from   the   ranks   of 
track  laborers  and  some  of  the  reasons  for  this  development.  1200  w. 
Railway  Maintenance  Engineer,  September,  1917,  p.  269. 

Physical    Requirements    for    Maintenance    of    Way    Labor. 

Researches  on  Color-Blindness.  G.  Wilson. 

With  a  supplement   on  the  danger  attending  the   present   system   of 
railway  and  marine  colored  signals.     Edinburgh,   1855. 
Massachusetts  Legislature. 

Vet  relative  to  employment  by  railroad  companies  of  persons  affected 

with  defective  si<jht  or  color-blindness. 
Chap.  194,  approved  April  11.  1881;  Boston,  1881. 
Color-Blindness.     The  Alabama  Law. 

Railroad  Gazette.  Vol.  19.  p.  482;  July  22,  1887. 
Alabama  Raihvav  Men  on  the  Color-Blind  Law. 

Railway  Age,  Vol.  10,  p.  603;  August  26.  1887. 
I'nited    States   Supreme  Court  has  confirmed   the   Alabama   Color   Vision 
Law. 
Railway  Age,  Vol.  13,  p.  681  ;  October  26,  1888. 
The  Importance  of  Physical  Examination  of  Railway  Emplovcs.     i! 
R.  Reed. 
Railway  Age,  Vol.   16,  p.  409;  May  23.  1891. 
Editorial  Comment,  p.  403. 
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Physical  Fitness  of  Railway  Employes.  Ralph  C.  Richards. 

Before  New  York  State  Association  of  Railway  Surgeons,  November 

16,  1899. 
Railway  Age,  Vol.  28,  p.  874-76;  November  24,  1899. 
Editorial  Comment,  p.  873. 
The  Physical  Examination  of  Railway  Employes.  J.  M.  Salmon. 

From    a    paper    before    the    International    Association    of    Railway 

Surgeons,  Milwaukee,  June  10,  1901. 
Railway  Age,  Vol.  31,  p.  654;  June  14,  1901. 
Rumored  adoption  by  the  A.   R.  A.   of   a   rule   requiring  applicants   for 
railway  positions  to  pass  physical  examination.  Editorial. 

Railroad  Gazette,  Vol.  37,  p.  453-54;  October  21,  1904. 
The  Erie  Employment  Bureau. 

Employes  are  examined  physically  and  by  color  test.     Records  of  all 

examinations  are  kept  by  the  Bureau. 
Railroad  Gazette,  Vol.  37,  p.  688-90;   December  30.  1904. 
American  Railway  Association. 

Rules  governing  the  determination  of  physical  and  educational  quali- 
fications of   employes.      Operating   Department.     Adopted    April   5, 
1905. 
Rule  Book  August,  1914,  N.  Y.  1914,  p.  281-300. 
Massachusetts.    Acts  of  1906,  Chap.  463,  pt.  11,  Section  179. 

Requires  railways  employing  any  person  who  has  to  distinguish  form 
or  color  signals  to  examine  him   for  color-blindness  or  other  de- 
fective sight.     Penalty,  $100. 
See  U.  S.  Bureau  of  Labor  Statistics  Bulletin  148,  pt.  1,  952. 
Alabama.     Code  of  1907,  Section  5481. 

Requires  employes  on  railways  to  pass  a  thorough  examination  re- 
specting capacity  to  fill  position  applied  for,  including  examination 
for  color-blindness  and  defective  hearing.     Penaltv,  $100  to  $500. 
See  U.  S.  Bureau  of  Labor  Statistics  Bulletin  148,  pt.  1,  153,  159. 
Ohio.     General  Code,  1910,  Section  12548. 

Provides  that  railway  employes  must  be  examined  for  color-blindness. 
See  U.  S.  Bureau  of  Labor  Statistics  Bulletin  148,  pt.  2,  1689. 
Physical  Examination  of  Employes. 

Railway  Age  Gazette,  Vol.  51,  p.  363,  August  25,  1911. 
Indiana.    Acts  of  1913,  Chap.  274,  Section  1. 

Provides  that  no  person  shall  be  employed  on  a  railway  who  cannot 
"Write,  read  and   speak  the  English   language,   and   hear,   see  and 
understand  the  necessary  signals." 
See  U.  S.  Bureau  of  Labor  Statistics  Bulletin  148,  pt.  1,  709. 
Physical  Examination  of  Section  Foremen.  W.  E.  Schott. 

A  discussion  of  the  difficulties  following  the  arbitrary  application  of 
unnecessary  requirements  in  the  examination  of  these  men.     500  w. 
Railway  Age  Gazette,  December  18,  1914,  p.  1147. 
Misfits — Physical  and  Mental.  Editorial. 

World's  Work,  Vol.  31,  p.  482;  March,  1916. 
Better  Men  for  Track  Work. 

\  discussion  of  the  necessity  for  the  employment  of  section  foremen 
of  a  higher  grade  than  formerly  because  of  the  increased  demands 
which  are  now  being  made  upon   the   track.  800  w. 

Railway  Maintenance  Engineer,  September,  1017,  p   293 

Maintenance    of   Way    Foremen. 

I  In-   Section    Foreman   Problem.  Editorial. 

\  discussion  "f  tbe  importance  of  increasing  the  wages  of  section 

foremen.  400  w 
Railway  Age  Gazette,  April  28,   1011,  p.  075. 
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The  Available  Supply  of  Section  Foremen.  Editorial. 

A  discussion  of   the  scarcity  of   foremen   and   some  of  the   reasons 
for  this  condition.  700  w. 

Railway  Age  Gazette,  June  16,  1911,  p.  1416. 
Enlisting  the  Co-operation  of  Foremen.  Editorial. 

A  discussion   of  the   results  which   can   be   secured   from   cultivating 
this  class  of  employes.  400  w. 

Railway  Age  Gazette,  July  21,  1911,  p.  123. 
Section  Foremen  Meetings.  Editorial. 

A  discussion  of  the  benefits  to  be  gained  by  holding  frequent  meetings 
of  the  section  foremen.  700  w. 

Railway  Age  Gazette,  October  20,  1911,  p.  780. 
Cost  Data  for  Section  Foremen.  Editorial. 

A  discussion  of  the  importance  of  giving  information  of   this  char- 
acter to  the  men.  1500  w. 
Railway  Age  Gazette,   November  17,  1911,  p.   1002. 
The  Future  Supply  of  Section  Foremen.                                            Editorial. 
A  discussion  of  the  sources  from  which  men  will  be  drawn  for  these 
positions  in  the  future.  500  w. 
Railway  Age  Gazette,  February  16,  1912,  p.  289. 
The  Section  Foreman  Problem.                                                             Editorial. 
A  discussion  of  the  handicaps  of  the  present  situation  and  of  methods 
of  overcoming  them.                                                                          1800  w 
Railway  Age  Gazette,  April  19,  1912,  p.  903. 
The  Problem  of  the  Section  Foreman. 

Twelve   contributions   received   in   the  discussion   of   this   subject   by 
track  men.  7500  w. 

Railway  Age  Gazette,  April  19,  1912,  p.  905. 
Track  Apprentices.  J.  T.  Bowser. 

Advocates  the   employment  of  track   apprentices  to  provide  material 
for  section  foremen.  900  w. 

Railway  Age  Gazette,  May  17,  1912,  p.  1117. 
Training  for  Future  Foremen.  J.  F.  McNalley. 

A  discussion  of  the  most  practical  means  of  training  these  men  for 
the  responsibilities  they  are  to   assume.  1200  w. 

Railway  Age  Gazette,  May  17,  1912,  p.  1119. 
The  Future  Supply  of  Section  Foremen.  P.  J.  McAndrews. 

A  discussion  of  the  handicaps  under  which  railways  are  laboring  in 
attracting  the  proper  grade  of  men  in  track  service.  900  w. 

Railway  Age  Gazette,  June  21,  1912,  p.  1571. 
The  Track  Foreman  of  the  Future. 

Four  discussions  of  the   problem   of  securing  an  adequate   supply   of 
section  foremen.  2000  w. 

Railway  Age  Gazette,  June  21,  1912,  p.  1574. 
Developing  Foremen.  Editorial. 

A  discussion  of  the  importance  of  supervisors  giving  personal  atten- 
tion to  the  training  of  candidates  for  foremen.  700  w. 
Railway  Age  Gazette,  August  16,  1912,  p.  296. 
Studying  the  Section  Foreman.                                                          E.  R.  Lewis. 
A  discussion  of  the  responsibilities  of  this  employe  and  the  attention 
which   should  be  given  to  his  training.                                        2000  w. 
Railway  Age  Gazette,  August  16,  1912,  p.  312. 
Selecting  Foremen  adapted  to  Italians.                                   F.  M.  Patterson. 

Railway  Age  Gazette,  Vol.  53,  p.  304,  August  16,  1912. 

The  Foreman  Problem.  F.  M.  Patterson. 

A  comparison  of  conditions  existing  to-day  with  those  two  decades 

ago,  with  some  constructive  suggestions  for  improving  the  present 

situation.  700  w. 

Railway  Age  Gazette,  October  17,  1912,  p.  762. 
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The  Section  Foreman  Problem.  B.  A.  West. 

A  discussion  of  the  handicap  under  which  the  railroads  are  laboring. 

Railway  Age  Gazette,  February  21,  1913,  p.  349.  500  w. 

Organization  of  a  Floating  Gang  to  train  foremen.  W.  H.  Cleveland. 

Advocates  the  maintenance  of  a  gang  whose  primary  purpose  would 

be  the  training  of  men  for  positions  as  track  foremen.  700  w. 

Railway  Age  Gazette,  March  14,  1913,  p.  507. 

The  Foreman  Problem.  A.  Swartz. 

A  discussion  of  several  methods  of   training  men    for  this  position. 

Railway  Age  Gazette,  April  18,  1913,  p.  892.  700  w. 

Systematic  Training  of  Foremen. 

A  discussion  of  the  need  for  a  definite  method  of  preparing  men  for 
this  position.  500  w. 

Railway  Age  Gazette,  May  16,  1913,  p.  1078. 
The  Foreman  Problem.  F.  H.  Carpenter. 

The  question  of  wages.  500  w. 

Railway  Age  Gazette,  May  16,  1913,  p.  1100. 
The  Foreman  Problem  :    How  to  provide  a  supply  for  the  Future. 

L.  W.  Strayer. 
A   discussion  of   the   possibility   of   attracting   men   to   this    work   by 
raising  the  standards  of  the  position.  800  w. 

Railway  Age  Gazette,  June  20,  1913,  p.  1566. 
Making  Section  Foremen  from  Clerks.  Wm.  F.  Wollner. 

An  outline  of  a  plan  for  the  training  of  general  office  employes  for 
positions  in  the  track  department.  2600  w. 

Railway  Age  Gazette,  December  19,  1913,  p.  1187. 
A  Section  Foreman's  View.  W.  E.  Schott. 

A  comment  on  the  attitude  Railway  Managements  show  toward  their 
foremen.  500  w. 

Railway  Age  Gazette,  March  13,  1914,  p.  520. 
Instructing  Foremen  in  the  Handling  of  Labor.  Editorial. 

A  discussion  of  the  necessity  of  training  men  in  the  handling  of 
other  men.  300  w. 

Railway  Age  Gazette,  July  17,  1914,  p.  113. 
Means    of     Increasing    the     Efficiency    of    Track    Foremen    in    handling 
labor.  W.  E.  Schott. 

Some  of  the  difficulties  commonly  encountered  by  foremen  in  getting 
the  proper  amount  of  work  out  of  their  men.  1000  w. 

Railway   Age  Gazette,  July   17,   1914,   p.   120. 
Two  Methods  of  Training  Section  Foremen. 

Description  of  two  methods  adopted  by  an  eastern  road  to  train  nun 
for  the  position  of  track  foremen  through  the  use  of  schools  and 
positions  as  assistant  foremen.  700  w. 

Railway  Age  Gazette,  July  17,  1914,  p.  136. 
Increasing  the  Scope  of  the  Section  Foreman's  Duties  E.  R.  Lewis. 

A  discussion  pointing  out  the  objections  to  the  turning  over  to  the 
track  forces  of  additional  work  now  commonly  handled  by  other 
branches  of  the  Maintenance  Department.  1500  w. 

Railway  Age  Gazette.  March    12,   191?,  p.  4o3. 
Difficulties  in  Increasing  the  Snipe  of  the  Section  Foreman's  Duties. 

J.  P.  Costello 
Tli<-  disadvantages  of  combining  other  branches  of  maintenance  work 
witli  that  of  the  Track   Department,  1800  w 

Railway  Age  Gazette,  June  18,  1915,  p.  l  it" 
Another  View  of  the  Section  Foreman's  Problem,  .1.   r    B 

The  excellent  results  of  showing  appreciation  oi  good  work  an 
pointed  out.  600  w 

Railway  Age  Gazette,   September   17,   1915,  p.  $32 
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Efficiency  in  the  Bridge  and  Building  Department.  Geo.  W.  Rear. 

A  discussion  of  the  principles  underlying  the  organization  of  bridge 
and  building  gangs  and  the  treatment  of  men  to  secure  satisfactory 
results.  3500  w. 

Railway  Age  Gazette,  December  17,  1915,  p.  1160. 
Developing  Track  Foremen.  K.  L.  Van  Auken. 

Railway  Review,  Vol.  57,  p.  796-99,  December  19,  1915. 
Railway  Review,  Vol.  58,  p.  133-35,  January  22,  1916. 
Railway  Review,  Vol.  58,  p.  269-73,  February     19,  1916. 

The  Future  of  the  Section  Foreman.  W.  H.  Edwards. 

Inadequate    wages   and   the    popular   idea    of   the    inferiority    of    the 
position   are   decreasing  the    number   of    candidates    for    this    posi- 
tion. 1000  w. 
Railway  Age  Gazette,  January  21,  1916,  p.  131. 

Hiring  of  Section  Foremen.  W.  E.  Schott. 

Some  of  the  conditions  which  an  employer  must  consider  in  hiring 
a  foreman.  500  w. 

Railway  Age  Gazette,  March  17,  1916,  p.  491. 
Training  Foremen.  J.  T.  Bowser. 

A  discussion  of  the  importance  of  division  engineers  and  super- 
visors giving  adequate  attention  to  the  instruction  of  foremen 
regarding  their  duties.  700  w. 

Railway  Maintenance  Engineer,  November,  1916,  p.  330. 

Improving  the  Foreman's  Position.  H.  G.  Clark. 

A  discussion  of  some  of  the  measures  which  are  being  adopted  to 
elevate  the  position  of  section  foreman  and  to  attract  a  higher 
grade  of  men  into  that  work.  900  w. 

Railway  Maintenance  Engineer,  January,  1917,  p.  3. 

Consider  the  Men  We  Have. 

A  discussion  of  the  necessity  of  improving  the  conditions  of  foremen 

already  in  the  service  and  training  them  to  become  more  eftV'ent. 

Railway  Maintenance  Engineer,  February,  1917,  p.  35.  500  w. 

Training  Maintenance  of  Way  Men.  F.  W.  Thomas. 

A   detailed  plan   for  the  training  of  track   employes  for  the  position 
of  foreman  and  a  discussion  of  the  improvement  in  working  con- 
ditions which  will  be  necessary.  4000  w. 
Railway  Maintenace  Engineer,  April,  1917,  p.  117. 
How  can  we  keep  Section  Foremen? 

A  discussion  of  some   of  the  adverse  living   conditions   encountered 
by  men  in  this  rank  of  railway  service  and  their  influence  in  lead- 
ing men  to  other  industries.  1000  w. 
Railway  Maintenance  Engineer,  July,  1917,  p.  206. 
The  Ideal  Foreman.                                                                       Dan  De  Palmo. 
A  discussion  of  the  qualifications  which  a  successful  track  foreman 
must  have.  600  w. 
Railway  Maintenance  Engineer,  August,  1917,  p.  238. 
Can  a  Foreman  be  Promoted?                                                       J.^  T.  Bowser. 
A  discussion  of  the  necessary  qualifications  which  a  section  foreman 
must  possess  before  being  promoted  to  a  higher  position.        1000  w. 
Railway  Maintenance  Engineer,  September,  1917,  p.  289. 
Better  Men  for  Track  Work. 

A  discussion  of  the  necessity  for  the  employment  of  section  foremen 
of  a  higher  grade  than  formerly,  because  of  the  increased  demands 
which  are  now  being  made  upon  the  track.  800  w 

Railway  Maintenance  Engineer,  September,  1917,  p.  293. 
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Methods  of  Securing  Maintenance  of  Way  Labor. 

A  System  of  Employing  Labor. 

Explains  the  scheme  of  operation  of  an  employment  bureau  of 
manfactures  of  Racine,  Wis.  1400  w. 

Iron  Age,  February  29,  1912. 
A  Railway  Labor  Bureau.  Editorial. 

A  discussion  of  the  opportunity  for  the  development  of   such  a  de- 
partment and  of  its  advantage  to  a  railroad. 
Railway  Age  Gazette,  March  15,  1912,  p.  486. 
Provisions  for  Maintaining  Labor  Supply  on  Railroad  Work.     Editorial. 
Methods  of  procuring  and  keeping  labor  practiced  by  the  B.  &  O., 
the  two  main  features  of  which  were  the  establishment  of  a  labor 
bureau  and  the  improvement  of  camping  conditions.  900  w. 

Engineering  Record,  Vol.  66,  p.  569 ;  November  23,  1912. 
Organization  of  a  Floating  Gang  to  Train  Foremen.        W.  H.  Cleveland. 
Advocates  the  maintenance  of  a  gang  whose  primary  purpose  would 
be  the  training  of  men  for  positions  as  track  foremen.  700  w. 

Railway  Age  Gazette,  March  14,  1913,  p.  507. 
The  Foreman  Problem.  A.  Schwartz. 

A  discussion  of  several  methods  of  training  men   for  this  position. 
Railway  Age  Gazette,  April  18,  1913,  p.  892.  700  w. 

The  Foreman  Problem.  F.  H.  Carpenter. 

A  question  of  wages.  500  w. 

Railway  Age  Gazette,  May  16,  1913,  p.  1100. 
The  Foreman  Problem;  How  to  provide  a  supply  for  the  future. 

L.  W.  Strayer. 
A   discussion  of  the  possibility  of   attracting  men   to  this    work    by 
raising  the  standard  of  the  position.  800  w. 

Railway  Age  Gazette,  June  20,  1913,  p.  1566. 
Making  Section   Foremen   from  Clerks.  Wm.   F.   Wollner. 

An  outline  of  a  plan  for  the  training  of  general  office  employes  for 
positions  in  the  Track  Department.  2600  w. 

Railway  Age  Gazette,  December  19,  1913,  p.  1187. 
Two  Methods  of  Training  Section  Foremen. 

Description   of    two   methods    adopted   by    an   eastern    road    to    train 

men  for  the  position  of  track  foreman  through  the  use  of  schools 

and  positions  as  assistant  foreman.  700  w. 

Railway  Age  Gazette,  July  17,  1914,  p.  136. 

Job  Finding  and  Man  Hunting.  Gibson  Gardner 

Technical  World,  Vol.  22,  p.  176-183;  304,  October,  1914. 
Increasing  the  Scope  of  the  Section  Foreman's  Duties.  E.  R.  Lewis 

A  discussion  pointing  out  the  objections  to  the  turning  over  to  the 
track  forces  of  additional  work  now  commonly  handled  by  other 
branches  of  the  Maintenance  Department.  1500  w. 

Railway  Age  Gazette,  March   12,   1915,  p.  463. 
Exploiting  John  Jones,  Laborer.  Editorial 

Bleeding  laborers  by  employment  bureaus.  Advocates  Governmental 
control.  700  w. 

Engineering  Record,  Vol.  71,  p.  702;  June  5,  1915. 
The  Track  Labor  Problem.  B     F.   llowson. 

A  discussion  of  the  conditions  confronting  the  Track  Department  in 
the  maintenance  of  adequate  forces  with  suggestions  tor  the  im- 
provement  of  these  conditions  3000  w 
Railway    Age  Gazette,  September  17,  1915,  p.  522. 
How  to  Hire  Men. 

American  Industries,  Vol    l(>.  p  36;   \pril.  1916 
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Bringing  the  Alan  to  the  Job.  Wm.  K.  Leiserson. 

What  has  been  accomplished  by  public  employment  offices  and  what 

is  needed  to  make  them  really  efficient. 
Annalist,  Vol.  8,  p.  229;  August  21,  1916. 
A  Higher  Wage  Rate.  Editorial. 

A  discussion  of  the  effect  of  paying  a  higher  rate  for  laborers  on  the 
supply  for  railway  maintenance  work.  500  w. 

Railway  Maintenance  Engineer,  September  1916,  p.  259. 
Advertising  to  Secure  Track  Laborers.  Wm.  S.  Wollner. 

A  description  of  the  method  employed  to   secure   track  laborers   by 
advertising  in  the  want  ad  columns  of  the  daily  newspapers.  1600  w. 
Railway  Maintenance  Engineer,  May,   1917,  p.   156. 
A  Company  Employment  Bureau.  Editorial. 

A  discussion  of  the  benefits  of  a  company-operated  bureau  for  the 
employment  of  Maintenance  of  Way  laborers.  800  w. 

Railway  Maintenance  Engineer,  June,   1917,  p.   172. 
Defects  in  the  Methods  of  Hiring  Men. 

Three  discussions  of  the  serious  disadvantages  which  the  railroads 
are  now  laboring  under  in  their  methods  of  hiring  men  for  track 
work.  5000  w. 

Railway  Maintenance  Engineer,  June,   1917,  p.   175. 
The  Maintenance  of  Way  Labor  Problem. 

A  detailed  discussion  of  the  shortage,  the  conditions  leading  to  it 
and  methods  of  overcoming  it.  6000  w. 

Railway  Age  Gazette,  June  22,  1917,  p.  1314. 

Methods  of  Holding  Maintenance  of  Way  Labor. 

The  Railway  Track  Labor  Problem.  Editorial. 

A  discussion  of  the  difficulties  of  holding  labor  under  present  condi- 
tions. 800  w. 
Railway  Age  Gazette,  October  24,  1913,  p.  769. 
Suggested   Means   for   Holding  Laborers. 

Four  discussions  of  means  of  overcoming  the  difficulties  confronting 

the    Maintenance   of   Way   Departments    in    retaining   an    adequate 

force.  4500  w. 

Railway  Age  Gazette,  October  24,  1913,  p.  771. 

Practical  Suggestion  for  Holding  Foreign  Laborers.  A.  M.  Glough. 

Advance  Advocate,  Vol.  23,  p.  679-80;  July.   1914. 
Development  and  Promoting  of  Men.  Forest  Crissey. 

Saturday  Evening  Post,  Vol.  187,  p.  9-11;  April  17,  1915. 
Conserving  the  Supply  of  Track  Laborers.  J.  P.  Costello. 

Railway  Review,  Vol.  58,  p.  262-265;   February  19,   1916. 
\  Higher  Wage  Rate.  Editorial. 

Discusses  the  effect  of  paying  a  higher  rate  for  laborers  on  the  sup- 
ply for  railway  maintenance  work.  500  w. 
Railway  Maintenance  Engineer,  September,  1916,  p.  259. 
lii tiding  Track  Labor.                                                                      C.  Augustine. 
A  discussion  of  the  conditions  existing  on  a  western  road  which  pre- 
vents the  railways  from  maintaining  adequate  forces.               1000  w. 
Railway   Maintenance   Engineer,   January,    1Q17,   p.  4. 
Holding  Carpenters.                            .                                                     Editorial. 
A   discussion  of  the   difficulties  now   being  encountered   by  the   rail- 
roads  in   holding  an   adequate   force   of   carpenters   in   competition 
with   the  government   and   industries.                                             600  w. 
Railway   Maintenance  Engineer,  August,   1917,   p.   237. 
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Feeding,  Housing  and   Improved  Working  Conditions. 

Enlisting  the  Co-operation  of  Foremen.  Editorial. 

A  discussion  of  the  results  which  can  bo  secured  from  cultivating  this 
class  of  employes.  400  \v. 

Railway  Age  Gazette,  July  21,  1911,  p.  123. 
Provisions  for  Maintaining  Labor  Supply  on  Railroad  Work.     Editorial. 
Methods  of  procuring  and  keeping  labor  practised  by  the  B.  &   O., 
the  two  main  features  of  which  were  the  establishment  of  a  labor 
bureau  and  the  improvement  of  camping  conditions.  900  w. 

Engineering  Record,  Vol.  66,  p.  569;  November  23,  1912. 
Boarding  Camps  and  Labor  Shortage.  Editorial. 

A  discussion  of  the  adverse  effect  of  the  boarding  camps  ordinarily 
maintained  in  holding  track  labor.  800  w. 

Railway  Age  Gazette,  June  20,  1913,  p.  1556. 
Higher  Efficiency  Through  Consideration  for  Labor.  Editorial. 

Advocates  considerate  and  friendly  treatment  of  laborers.  900  w. 

Engineering   Record,   Vol.  68,   p.  227 ;   August  30,    1913. 
Economics  of  Track  Labor.  H.  R.  Safford. 

Abstract  of  an  address  delivered  at  the  annual  dinner  of  the  Road- 
masters'  Association  in  which  means  of  improving  working  condi- 
tions were  emphasized.  2500  w. 
Railway  Age  Gazette,   September  19,   1913,  p.  521. 
Snaring  the  Bohunk.                                                                          W.  L.  Amy. 
How  the  man-catchers  of  the  northwest  lure  the  helpless  laborer  to 

intolerable  conditions  in  the  end-of-steel  villages. 
Advance  Advocate,  Vol.  22,  p.  995-1000;  October,  1913. 
The  Section  Labor  Problem.  A.  M.  Clough. 

Advocates   better   housing   conditions    for   men.  1000  w. 

Railway  and  Engineering  Review,  Vol.  53,  p.  1041 ;  November  8,  1913. 
Suggested  Means  for  Holding  Laborers/ 

Practical  suggestions  for  the  removal  of  conditions  which  now  tend 
to  drive  labor  into  other  industries.  3500  w. 

Railway  Age  Gazette,  November  21,   1913,  p.  979. 
Sanitation  of  Camp  Cars.  Editorial. 

A    discussion    of    the    possibility    of    state    legislation    to    remove    ob- 
jectionable conditions  in   railway  boarding  camps.  300  W. 
Railway  Age  Gazette,  September  20,  1914,  p.  956. 
The  Wop  in  the  Track  Gang.                                                                  D.  Ciolli. 
An  exaggerated   arraignment  of  conditions   affecting   unskilled   track 
labor.                                                                                                 2500  w. 
Railway  Review,  Vol.  59,  p.  373;  September  16  1915. 
Holding  Track  Laborers.                                                         K.  L.  Van  Auken. 
Discusses  methods  of  holding  labor  by  good  housing,  feeding,  good 

treatment,   etc. 
Railway  Review.  Vol.  57,  p.  660,  663 ;  November  20,  1915. 
Holding  Men.  Editorial. 

\   discussion  of   the   influence  of   living  conditions  on  ability  to  hold 

nun  in  iervii 
Railwaj    \-.   I  rai  ette,    Vpril  21,  1916,  p.  894 
Competition  foi    Designs  for  Railway  <  amps.  Editorial. 

General  requirements  For  housing  men  on  railway  construction  and 
maintenance  work  as  considered  by  the  National  Americanization 
Committee  of  New  York.  500 w. 

Engineering  News,  Vol.  75,  p.  819;  April  27.  1916. 
Holding   Labor  on   Railroad  Work. 

Three  d  of  the  present  shortage  of  labor  with  suggested 
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methods  of   living   and    working   conditions   as   an   aid   in   holding 
men  in  service.  4000  w. 

Railway  Maintenance  Engineer,  June,  1916,  p.  169. 
A  Modern  Boarding  Car. 

A  description  of  the  use  of  converted  Pullman  sleeping  cars  for  the 
housing  of  floating  carpenter  gangs  on  the  Bessemer  &  Lake 
Erie.  400  w. 

Railway  Maintenance  Engineer,  September,  1916,  p.  260. 
Housing  Extra  Gangs,  Buffalo,  Rochester  &  Pittsburgh  Ry. 

Railway  Review,  Vol.  59,  p.  560-61 ;  October  21,  1916. 
Camp  Equipment  for  Extra  Gangs. 

A  description  of  the  use  of  tents  for  floating  gangs  on  the  Buffalo, 
Rochester  &  Pittsburgh.  1200  w. 

Railway  Maintenance  Engineer,   November,   1916,  p.  336. 
Housing  Men  in  Dismantled  Box  Cars.  Editorial. 

Advocates  better  housing  of  men.  600  w. 

Railway  Review,  Vol.  59,  p.  866;   December  23,  1916. 
Housing  of  Better  Class  Railroad  Gangs  Needs  More  Attention. 

J.  T.  Bowser. 
Three  plans  showing  how  bridge  and  building  and  other  maintenance 

men  can  be  given  better  living  quarters  at  low  cost. 
Engineering  Record,  Vol.  75,  p.  94;  January  20,  1917. 
Housing  and  Caring  for  the  Laborer.  F.  H.  Rogers. 

A  description  of  an  unusually  complete  camp  installed  by  an  eastern 
railroad  in  the  vicinity  of  Philadelphia.  2000  w. 

Railway   Maintenance   Engineer,    March,    1917,    p.   81. 
Better  Quarters  for  Workmen.  Editorial. 

Advocates  better  housing  of  men.  400  w. 

Railway  Review,  Vol.  60,  p.  388;  March  17,  1917. 
Engineering    Methods    Must    Replace    Paternalism    in    the    Handling    of 
Labor.  Frances  A.  Kellor. 

Scientific  planning  should  be  applied  to  industrial  railway  manage- 
ment and  embrace  whole  field  of  employment,  promotion  and 
housing.  3500  w. 

Engineering  News-Record,  Vol.  78,  p.  82;  April  12,  1917. 
Laborers'  Quarters  by  Joining  Box  Cars.  Editorial. 

Type  of  house  for  laborers.  300  w. 

Railway  Review,  Vol.  60,  p.  688,  May  19,  1917. 
Improvements  in  Housing  Conditions.  Editorial. 

A  discussion  of  the  improved  living  conditions  which  a  number  of 
roads  are  now  providing  for  their  track  laborers.  400  w. 

Railway  Maintenance  Engineer,  June,  1917,  p.  171. 
The  Importance  of  the  Boarding  Camp.  Editorial. 

A  discussion  of  the  influence  which  the  provision  of  proper  food 
exerts  on  the  retention  of  track  men  in  service.  800  w. 

Railway  Maintenance  Engineer,  July,  1917,  p.  205. 
How  Can  We  Keep  Section  Foremen? 

A  discussion  of  some  of  the  adverse  living  conditions  encountered 
by  men  in  this  rank  of  railway  service,  and  their  influence  in  lead- 
ing men  to  enter  other  industries.  1000  w. 
Railway  Maintenance  Engineer,  July,  1917,  p.  206. 
Improving  Railroad  Boarding  Camps. 

Four  discussions  of  the  importance  of  this  subject  to  the  railways  in 
holding   an  adequate   force   of   laborers,   with    constructive   sugges- 
tions for  the  design  and  construction  of  such  camps.  9500  w. 
Railway   Maintenance   Engineer,   July,   1917,   p.   207. 
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Better  Housing  Accommodations.  Editorial. 

A  discussion  of  the  necessity  of  providing  better  camps  for  the  care 
of  track  laborers.  600  w- 

Railway  Maintenance  Engineer,  August,  1917,  p.  237. 
Better  Housing  of  Maintenance  Men. 

Three  discussions  of  improvements  which  can  be  made  in  camps 
for  the  use  of  Maintenance  of  Way  men  in  an  effort  to  retain  them 
in  the  service.  7500  w. 

Railway  Maintenance   Engineer.   August,   1917,  p.   251. 
Providing  Better  Bunk  Cars  for  Men. 

A  description  of  improved  lavouts  which  have  been  installed  on  sev- 
eral roads.  „  ■  3500w- 
Railway  Maintenance  Engineer,    September,   1917,  p.  271. 
Uplifting  the  Laborer. 

Railway  Review,  Vol.  61,  p.  263;   September  1,  1917. 
Improved  Housing  of  Railway  Employes. 

Railway  Review,  Vol.  61,  p.  295;   September  8,   1917. 

Application    of    Bonus    System. 

Another  Angle  of  the  Bonus  System.  Editorial. 

A  discussion  of  variations  in  the  Bonus  System  as  applied  to  track 
work.  ,„        ^j  400w- 

Railway  Maintenance  Engineer,  August,  1917,  p.  236. 
Efficiency  Awards  for  Crossing  Watchmen. 

A  description  of  the  Bonus  plan  which  has  been  applied  to  crossing 
watchmen  by  the  Lackawanna.  1000  w. 

Railway  Maintenance  Engineer,  September,  1917,  p.  274. 

Graduated    Wages. 

Variable  Rates  for  Skilled  Laborers.  Editorial. 

A  discussion  of  the  difficulty  of  holding  a  proper  grade  of  men  when 
all  are  paid  a  uniform  rate.  300  w. 

Railway  Age  Gazette,  April  17,   1914,  p.  889. 
Re-organizing  the  Gang.  Editorial. 

A  discussion  of  the  possibility  of  grading  the  wages  of  men  in  a  gang 
according  to  experience  as  a  means  of  retaining  them  in  the  serv- 
ice. 70°  w- 
Railway  Maintenance  Engineer,  September,  1916,  p.  328. 

Prizes  and    Pensions. 

The  Prize  System  in  Maintenance  of  Way  Work. 

A  discussion  of  paper  bv  E.  A.  Haskell,  presented  before  Eastern 
Maintenance  of  Way  Assn.,  entitled  "Some  Observations  on  the 
Methods  and  Results  of  Prize  System  in  Maintenance  of  Way 
Work."  _    ,„. 

Railway  Engineering  Review,  Vol.  42,   p.   577;    August   3.   1902. 
United   States  Bureau  of   Labor. 

Pension  funds  for  municipal  employes  and  railroad  pension  system 
of  the  United  States.  Prepared  under  the  direction  of  Chas.  P. 
Neill,  Commissioner  of  Labor,   Washington,  Government  Printing 

Office,   1010. 

m  pages,  6°.    (Y.Lt  Cong.  2nd  Sess.  Senate  Doc  427.) 
Rock  Island  Premiums  foi  Efficiency  of  Roadmasters  and  Section  Fore- 
men. . 

An   announcement    of   the   distribution    of   premiums    for    efficiency    m 

track  work. 
Railway   Age  Gazette,   April   7,   1°-U,   p.  830. 
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Bonus,   Profit   Sharing — Pensions.  Waldron   H.   Rand. 

A  brief  description  of  various  schemes  of  business  enterprises.  4500  w. 

Journal  of  Accountancy,  November,  1911. 
Prize  Systems  in  Track  Work. 

A  description  of  the  methods  used  on  different  roads  to  award  prizes 
in  recognition   of  excellence  in  track  work.  2000  w. 

Railway  Age  Gazette,  February  16,  1912,  p.  30S. 
Pension  System.  E.  H.  Hite. 

M.  K.  &  T.  Employes'  Mag.,  Vol.  1,  p.  28-30;  August,  1913. 
Old  Age  Pension  Schemes  in  the  United  States. 

An  unofficial  list  compiled  by  the  Bureau  of  Labor  Statistics,   1916. 
Six  typewritten  pages. 
Pension  System  of  Buffalo,  Rochester  &  Pittsburgh  Ry.  Co. 

Gives  twice  the  amount  paid  by  most  roads. 

Railway  Age  Gazette,  Vol.  60,  p.  171 ;  January  28,  1916. 
Change  in  Method  of  Determining  Pensions  on  the  Pennsvlvania. 

Railway  Age  Gazette,  Vol.  62,  p.  281 ;  February  16,  1916. 
Rock  Island  Pension  System. 

Railway  Age  Gazette,  Vol.  60,  p.  409;  March  3,  1916. 
Pensions  on  the  Florida  &  East  Coast. 

Railway  Age  Gazette,  Vol.  61,  p.  37;  July  7,  1916. 
The  Pension  Svstem  and  a  Strike  on  the  Southern  Pacific. 

Railway  Age  Gazette,  Vol.  61,  p.  143-144:  July  28,  1916. 
T.  T.  Hill  Memorial  Pensions,  Great  Northern  Rv. 

Railway  Review,  Vol.  59.  p.  391;   September  16,   1916. 
The  B.  &  O.  Pension  Plan.  Wm.  H.  Ball. 

B.  &  O.  Employes'  Mag.,  Vol.  4,  p.  7-14;  November,  1916. 
Insurance— An  Aid  to  Efficiency. 

Union  Pacific  directors  adopt  a  comprehensive  scheme  for  life,  acci- 
dent and  sickness  protection  for  40,000  employes. 

Annalist,  Vol.  8,  p.  804;   December  23,  1916. 
Union  Pacific  Insures  Employes. 

Railway  Age  Gazette,  Vol.  61,  p.  1209;  December  29,  1916. 
Change  of  Method  in  Computing  Service  Pensions  on  the  Penna.  R.  R. 

Economic  World,  Vol.  99,  p.  279,  February  24,  1917. 

Piece    Work. 

Use  of  Piece  Work  System  on  Jamaica  Government  Railway. 

Frank  Richmond. 
A  description  of  the  manner  in  which  piece  work  is  applied  to  the 
maintenance  of  roadway  and   structures  on  the  Jamaica  Railways 
with  unit  rates. 
Railway  Age   Gazette,    October    18,    1912,    p.    751. 

Continuous    Employment. 

Steady  Employment  for  Track  Men.  Editorial. 

Discusses  desirability  of  maintaining  gangs  all  the  year.  1500  w. 

Railway  and  Engineering  Review,  Vol.  53,  p.  600;   Tunc  21,  1913. 
A  Permanent  Track  Maintenance  Force  on  the  Long  Island  R.  R. 

Excellent  results  in  keeping  men  bv  organization  of  permanent  forces. 

1000  w. 

Engineering  News,  Vol.  73,  p.  474;  March  11.  1915. 
The  Permanent  Track  Organization  on  the  Long  Island.     G.  P.  Williams. 

A   description   of   the   system   by   which   track   laborers   are   employed 
throughout   the   entire   year.  2000  w. 

Railway  Age  Gazette,  January  21,  1916,  p.   120. 
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The  Labor  Problem. 

The  study  of  the  conditions  which  are  working  to  attract  men  from 
railway   service   into   other   industries,   and   advocating   the   employ- 
ment of  track  men  throughout  the  year.  800  w. 
Railway  Maintenance  Engineer,  September,  1916,  p.  259. 
Holding  Track  Labor.                                                                      E.  A.  Easley. 
A  plea  for  the  re-arrangement  of  track  work  to  enable  a  larger  pro- 
portion of  the  forces  to  be  employed  throughout  the  year.     600  w. 
Railway  Maintenance  Engineer,   October,  1916,  p.  294. 
The  Seasonable  Distribution  of  Forces. 

Abstract  of  a  committee  report  presented  to  the  Roadmasters'  Asso- 
ciation pointing  out  the  opportunity  for  the  extension  of  the  work- 
ing season  in  many  classes  of  track  work.  3500  w. 
Railway  Maintenance  Engineer,  October,   1916,  p.  312. 
Track  Work  in  Winter. 

Advocates  winter  track  work  as  a  method  of  holding  labor.       700  w. 
Railway  Review,   Vol.  59,  p.  557;   October  21,  1916. 
Conserving  Labor.  Editorial. 

A  discussion  of  the  necessity  of  extending  the  working  season  over 
as  many  months  as  possible  in  order  to  complete  the  necessary 
work  with  the  forces  available.  700  w. 

Railway  Maintenance   Engineer,   March,   1917,  p.  68. 
Solving  the   "Labor  Turnover"   Problem. 

An  appeal  for  the  more  intelligent  employment  of  labor  throughout 
the  year.  1300  w. 

Railway  Maintenance  Engineer,  September,  1917,  p.  280. 

Methods  of  Reducing  Maintenaisxe  of  Way  Labor  Requirements. 
Labor    Saving    Devices. 

Power-Driven  and  Labor-Saving  Appliances   for   Track   Work. 

Committee  report  of  Roadmasters'  and  Maintenance  of  Way  Associa- 
tion.    Describes  the  operation  of  various  devices.  1500 w. 

Railway  and  Engineering  Review,  Vol.  53,  p.  963;  October  11,  1913. 
Substitution  of  Mechanical  Devices  for  Hand  Labor  in  Track  Work. 

Editorial. 

Discussion  of  results  obtained  by  labor-saving  devii  1000  w. 

Railway  Review,   Vol.  60,  p.  843;  June  16,   1917. 
Handling  Rails  by   Power  in   Relaying. 

Description   of   machines   used   in   relaving   rail.  600  w 

Railway   Review,   Vol.  60,  p.  918;   June  30,   1917. 
Power-Driven  Tools  for  Tamping  Track. 

Railway  Review,   Vol.  61,   p.    175   and   211;    August    11.    1017. 
Labor   Saving  in   Track   Work. 

Railway   Review.   Vol.  61,  p.  205:   Angus!    IS.   1<M7. 

Efficient    Organization    of    Maintenance    of    Way    Work. 

\  Method  ioi  Standardizing  Maintenance  ■  >!"  VVaj   Forces.     II.  W   Church. 
Ad-  tablishing   standard   unit   of   work   and   organization   to 

facilitate    distribution    of    money    tor    maintenance    work.  30<)0  w 

Railway  and   Rnginecring   Review,  Vol.  45,  p    162;  March  IS,  1905 

Classifying  Track  Work  Between  Skilled  and  Unskilled  Labor.  Editorial 

Discusses  the  possibilities  of  giving  special  training  t<>  certain  groups 

uf  men  to  prepare  them   for   foremen's  positii  400 w 

Railwa)  1.  1911,  p    124 

Roadma  tei  s'    F.ffi<  iency   <  lompctition. 

Six   contributions  received   in   a  contesl   on  this    subject,  describing 
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various  ways  of  increasing  the  output  of  labor.  4500  w. 

Railway  Age  Gazette,  July  21,  1911,  p.  129. 
The  Function  of  the  Extra  Gang.  A.  Swartz. 

A  discussion  of  the  organization  of   this  class  of   maintenance   em- 
ployes. 600  w. 
Railway  Age  Gazette,  August  18,  1911,  p.  327. 
Maintenance  of  Way     Efficiency. 

Four   discussions    of    the   manner   in    which    greater    returns    can    be 
secured  from  the  labor  employed.  3000  w. 

Railway  Age  Gazette,  August  18,  1911,  p.  341. 
Efficiency  in  the  Maintenance  Department. 

Three  discussions  of  means  to  secure  better  results  from   the  labor 

employed.  2000  w. 

Railway  Age  Gazette,  October  20,  1911,  p.  795. 

Efficiency  Methods  in  the  Maintenance  of  Way  Department  of  the  Erie 

R.  R. 

A  system  providing  close  supervision,  conduct  of  work  by  schedule, 

and   standardization   of   detail   operation. 
Engineering  Record,  Vol.  64,  p.  485;  October  21,  1911. 
Track  Maintenance  Methods  on  the  Chicago  Great  Western  R.  R. 

Abstract  of  an  instruction  pamphlet  for  foremen,  outlining  standard 
practice  in  conduct  of  routine  track  work.  5500  w. 

Engineering  Record,  Vol.  64,  p.  592;  November  18,  1911. 
Proper  Lengths  of  Supervisors'  Territory.  Editorial. 

A  discussion  of  the  mileage  which  should  be  assigned  to  supervisors 
and  the  common  tendency  to  give  them  too  large  a  territory.  700  w. 
Railway  Age  Gazette,  December  15,  1911,  p.  1219. 
A  Combined  Maintenance  Organization.  Editorial. 

A  discussion  of  the  combination  of  track  and   signal   forces   on  the 
Union  Pacific.  800  w. 

Railway  Age  Gazette,  February  16,  1912,  p.  290. 
Evolution  in  Track  and  Signal  Maintenance  on  the  Union  Pacific. 

A.  M.  Foote. 
A  detailed  account  of  the  savings  effected  through  the  combination 
of  these  two  maintenance  forces.  3500  w. 

Railway  Age  Gazette,  March  15,  1912,  p.  487. 
Plan  of  Organization  for  a  Railway  Track  Labor  Department. 

Wm.  S.  Wollner. 
A    description    of    a    proposed    plan    for    a    company    operated    track 
labor  department.  2200  w. 

Railway  Age  Gazette,  March   15,   1912,   p.   495. 
The  Organization  of  the  Extra  Gang. 

Eight  discussions  of  the  organization  of  floating  or  extra  gangs  for 
various  classes  of  work.  6000  w. 

Railway  Age  Gazette,  May  17,  1912,  p.  1101. 

An  editorial  discussion  of  this  subject  appears  on  the  preceding  page. 

1000  w. 

Kfficient  Operation  of  an  Extra  Gang.  P.  H.  Hamilton. 

Railway  Age  Gazette,  June  21.   1912,  p.   1571.  1000  w. 

Contracting  Maintenance  of  Way  Work  on  Railroads.  Editorial. 

A  discussion  favoring  the  contracting  of  Maintenance  of  Way  Work. 

300  w. 
Engineering  Record,  Vol.  66,  p.  283;  September  14,  1912. 
The  Consolidation  of  Maintenance  Forces.  G.  H.  Bremner. 

Advocates    combining   the    track,    bridge,    building    and    other    main- 
tenance forces  for  the  simpler  problems.  2500  w. 
Railway  Age  Gazette.  September  20,  1912,  p.  525. 
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How  to  Secure  Foremen — Organization  and  Length  of  Section. 

Abstract  of  committee  report  to  Roadmasters'  Association.         700  w. 
Railway  Age  Gazette,  September  20,  1912,  p.  539. 
Maintenance  of  Automatic  Signals  by  Track  Foremen. 
Gives   experience  of   Illinois   Central   Railroad. 

Railway  and  Engineering  Review,  Vol.  52,  p.  952 ;  October  19,  1912. 

Contracting  Maintenance   of   Way  Work.  J.   B.   Cameron. 

Favors    contract    for    maintenance   of    way   work   and    a   number    of 

small  contractors   rather  than   one  large   contractor.  400  w. 

Engineering  Record,  Vol.  66,  p.  475 ;  October  26,  1912. 

Labor  Standards  for  Railway  Maintenance  Work.  Editorial. 

Advocates    determining   a    standard    day's    work    and    measuring    the 

efficiency  of  gangs  accordingly. 
Engineering  Record,  Vol.  66,  p.  622;  December  7,  1912. 
Methods   of   Promoting   Efficiency   in   Maintenance  on   the    Pittsburgh   & 
Lake   Erie. 
Evaluation  of  section  work  on  a  unit  basis  and   the   record  system 

for  keeping  labor  and  material  charges  on  all  operations. 
Engineering  Record,  Vol.  66,  p.  624;  December  7,  1912. 
A  Combined  Maintenance  Organization.  A.  M.  Van  Auken. 

A   discussion    of    the   benefits    which    would    follow    the    combination 
of  track  and  bridge  forces.  1000  w. 

Railway  Age  Gazette,  December  20,  1912,  p.  1195. 
A  Suggested  Organization  for  Combined  Forces.  F.  W.  Riser. 

An  organization  is  outlined  for  a  consolidation  of  local  division  main- 
tenance forces.  1200  w. 
Railway  Age  Gazette,  February  21,  1913,  p.  339. 
Organization  of  a  Floating  Gang  to  Train  Foremen.        W.  H.  Cleveland. 
Advocates  the  maintenance  of  a  gang  whose  primary  purpose  would 
be  the  training  of  men  for  positions  as  track  foremen.  700  w 
Railway  Age  Gazette,  March  14,  1913,  p.  507. 
Standard  Track  Work  System.                                                       Earl  Stimson. 
An  account  of  a  system  applied  on  the  Philadelphia  Division  of  the 
B.  &  O.  R.  R.,  which  has  resulted  in  increased  efficiency.        1500  w. 
Engineering  Record,   Vol.  67,  p.  287;   March   15,   1913. 
The  Efficiency  of  Maintneance  of  Way  Labor.                            H.  C.  Landon. 
A  discussion  of  the  character  of  labor  employed,  the  organization  of 
the  gang  and  the  methods  by  which  the  efficiency  may  be  increased 

3000  w. 
Railway  Age  Gazette,   May  16,   1913,  p.  1087. 
Combined  Organization  of  Maintenance  of  Way  Forces. 

Committee  report  of  Roadmasters'  and   Maintenance  of  Way  Asso- 
ciation. 
Advises  against  increasing  the  duties  of  section  men.  800  w. 

Railway  and  Engineering  Review,  Vol.  53,  p.  862;  September  13,  1913' 
A  Combined  Organization  of  Maintenance  Forces. 

An  abstract  of  a  committee  report  to  the  Roadmasters'  Convention. 

8O0v/. 
Railway  Age  fiazette,  September  19,  1913.  p.  517. 
Combination  of  Maintenance  lot. 

Committee    report    of    Railway    Signal    Association.      Finds    the    com- 
bination of  maintenance  forces  a  local  problem.  1000 w 
Railway  Review,  Vol,  54,  p.  513;  March  28,  1914, 
Some  Ideas  in  Track   Maintenance.                                             [.•    \\     Ruffmire. 

Discusses  the  importance  of  the  labor  problem,  method  of  relaying 

rail,   and   other   questions,  1500  w 

Railway   Review,    Vol.   54,   p.   711;    May  9,   1014. 
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Extending  the  Duties   of   Section  Foremen. 

Abstracted  from  a  report  of  the  Track  Committee  of  the  American 

Railway   Engineering   Association,    describing   various    experiments 

in  extending  the  jurisdiction  of  section  foremen  over  other  classes 

of  work.  2000  w. 

Railway  Age  Gazette,  May  15,  1914,  p.  1093. 

Extra  Gang  Versus  the  Regular  Section  Gang.  W.  J.  Potter. 

Railway  Age  Gazette,  July   17,   1914,  p.   132. 
I  osl   <>f   Surfacing  Track   and  the   Features  Which   Influence   that   Cost. 
Discusses  the  value  of  organization  and  details  of  the  work.     3500  w. 
Engineering  and  Contracting,  July  22,  1914. 
Organization  Methods  for  $10,000,000  Track  Elevation  Program. 

Unusual  scheme  adopted  by  the  Rock  Island  Railroad  on  the  heavy 
construction  work  near  Chicago.  1300  w. 

Engineering  Record,  Vol.  70,  p.  122 ;  August  1,  1914. 
Proper  Organization  and  Economical  L^se  of  Labor. 

Abstract  of  a  Committee  Report  presented  before  the  Roadmasters' 
Association.  1500  w. 

Railway  Age  Gazette,  September  18.  1914,  p.  522. 
\  Suggested  Organization  for  Track  Maintenance.  G.  O.  Crites. 

A  detailed   discussion  of   the   reorganization  of   sections  to   increase 
their  mileage  and  the  size  of  the  gang.  1000  w. 

Railway  Age  Gazette,  December  18,  1914,  p.  1148. 
Science  of  Organization. 

Report  to  the  Board  of  Direction  of  American  Railway  Engineering 

Association  by  Committee  on  Rules  and  Organization,  1915. 
Proceedings,  Vol.  16,  p.  70. 
Development  of  Pennsylvania  R.  R.  Track  Section  System. 

Jos.  T.  Richards. 
A  detailed  description  of  the  growth  of  the  elaborate  track  inspec- 
tion system  in  use  on  the  Penna.  R.  R.  and  the  results  which  are 
secured.  4200  w. 

Railway  Age  Gazette,  January  22,  1915,  p.  153. 
Organization  for  Track  Maintenance. 

Committee  report  of  Roadmasters'  and   Maintenance  of  Way  Asso- 
ciation.   Proposed  plan  of  organization  for  track  maintenance  forces 
for  the  length  of  roadmasters'  districts,  track  sections,  etc.      4500  w. 
Railway  Review,  Vol.  56,  p.  221 ;  February  13,  1915. 
A  Permanent  Track  Maintenance  Force  on  the  Long  Island  R.  R. 

Excellent  results  in  keeping  men  by  organization  of  permanent  forces. 

1000  w. 
Engineering  News,  Vol.  73,  p.  474;  March  11,  1915. 
Increasing  the  Scope  of  the   Section  Foreman's  Duties.         E.  R.  Lewis. 
A  discussion  pointing  out  the  objections  to  turning  over  to  the  track 
forces  of  additional  work  now  commonly  handled  by  other  branches 
of  the  Maintenance  Department.  1500  w. 

Railway  Age  Gazette,  March  12.  1915,  p.  463. 
Difficulties  in  Increasing  the  Scope  of  the  Section  Foreman's  Duties. 

J.  P.  Costello. 
The  disadvantages  of  combining  other  branches  of  maintenance  work 
with   that   of   the   Track   Department.  1800  w. 

Railway    Age    Gazette,    June    18,    1915,    p.    1449. 
Track  Force  for  Renewing  Rails. 

Engineering  News,  Vol.  74,  p.  752;  October  14,  1915. 
ITow  Australia  Builds  Its  Railroads.  Morris  E.  Kernot. 

Paper  before  the  International  Engineering  Congress.     Tells  why  di- 
rect labor  has   supplanted  contractor  on   government   owned  lines. 

3500  w. 
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Engineering  Record,  Vol.  72,  p.  694;  December  4,  1915. 
Contract  Fallacies  from  Australia.  Editorial. 

Discusses  methods  used  by  the  Australian  Government  in  dealing  with 
Railroad  Contractors.  500  w. 

Engineering  Record,  Vol.  72,  p.  682,  December  4,  1915. 
Efficiency  in  the  Bridge  and  Building  Department.  Geo.  W.  Rear. 

A  discussion  of  the  principles  underlying  the  organization  of  bridge 
and  building  gangs  and  the  treatment  of  men  to   secure  satisfac- 
tory results.    '  3500  w. 
Railway  Age  Gazette,  December  17,  1915,  p.  1160. 
A  System  of  Standardizing  Maintenance  of  Way  Work.          Earl  Stimson. 
A  description  of  the  track   efficiency  plan  of   organization   of   track 
work,  with  detailed  information  concerning  its  application.     4000  w. 
Railway  Age  Gazette,  January  21,  1916,  p.  111. 
The  Permanent  Track  Organization  on  the  Long  Island.     G.  P.  Williams. 
A   description  of  the  system   by   which  track  laborers   are   employed 
throughout  the  year.  2000  w. 
Railway  Age  Gazette,  January  21,  1916,  p.  120. 
Brazilian  Opportunities  and  a  Brazilian  Railway.                F.  E.  Lawrence. 
Describes  the   organization   and   construction   of   the   Brazil    Railway 
and  describes  labor  conditions.  500  w. 
Engineering  News,  Vol.  75,  p.  345 ;  February  24,  1916. 
Adequate  Supervision.                                                                              Editorial. 
A  discussion  of  the  importance  of  providing  sufficient  supervision   in 
the  Maintenance  of  Way  Department.  400  w. 
Railway  Maintenance  Engineer,  August,  1916,  p.  226. 
What  Does  Night  Work  Cost  Compared  with   Day.                      Editorial. 

Engineering   News,   Vol.    76,   p.   323;   August   17,    1916. 
Studying  Our  Labor.  Editorial. 

A  discussion  of  the  importance  of  studying  the  characteristics  of 
each  nationality  of  track  labor  employed  and  the  arranging  of  tin- 
work  and  organization  of  the  gang  to  utilize  these  characteristics 
to  the  best  advantage.  300  w 

Railway  Maintenance   Engineer,    September,    1916,   p.   257. 
The  Intelligent  Use  of  Track  Labor.  W.  V..  Schott. 

A  discussion  of  the  importance  of  utilizing  different  nationalities  em- 
ployed in  track  labor  in  those  classes  of  work  for  which  they  are 
particularly  adapted.  600  w. 

Railway   Maintenance  Engineer.   September.   1916,  p.  260. 
Cost  of  Night  and  Day  Work.  H.   B.   Whitney. 

Engineering  News.  Vol.  76,   p.   506:   September   14,   1916. 
Handling   of    Filipino   Labor   One   of   the    Problems    in    Construction    of 
Baguio  R.  R.  W.   M.  Butts. 

Description    of    labor    and    engineering    problems    encountered    in    the 

construction  of  a  railroad   to  Baguio,   Philippine   Islands. 
Engineering  Record,   Vol.  74.  p.  351;    September   16,    1016. 
Cost   of   NRghl    and   Day  Work.  A.   M.   Shaw. 

Engineering  News,  Vol    76,  p.  606;  September  28,  L916 
Tin-  Seasonable   Distribution  of  Forces. 

Mistract  of  a  committee  report  to  the  Roadmasters1  Association, 
pointing  out  tin-  opportunity  f"i  ili<-  extension  of  tin-  working  sea- 
son  in   many  classes  of  track  work.  3500 W. 

Railway  Maintenance  Engineer,  October,  1916,  p.  312. 
Cost  of  Ni^ht  and  Pay  Work.  Hunter  McDonald. 

Engineering   News,   Vol.  76,  p,   7'>x:  Octobei    26,   1916  WO? 

Men  Cheaper  Than   Machines  on  Trunk  Tine   Railway    Construction   in 
China.  E    Park 

Engineering  Record,  Vol  74,  p.  525;  October  28,  1916 
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Elements  of  Gang  Organization.  K.  L.  Van  Auken. 

Describes  the  importance  of  studying  each  individual  problem  and 
of  distributing  the  forces  to  secure  the  best  results.  1000  w. 

Railway  Maintenance  Engineer,  November,  1916,  p.  344. 
Experience  of  41  Railways  on  Small  Concrete  Jobs. 

Engineering  News,  Vol.  76,  p.  849 ;  November  2,  1916.  900  w. 

Station  Men  System  Succeeds  on  the  Alaskan  Railway. 

Engineering  News,  Vol.  76,  p.  995;  November  23,  1916.  f00  w. 

Ballasting  by  Contract.  John  Evans. 

Experience  and  cost  data  on  Michigan  Central  R.  R. 
Proceedings  American  Railway  Engineering  Association,  Vol.   17,  p. 
354,  1916. 
Ballasting  by  Contract. 

Report  of  Committee  on  Ballast,  American  Railway  Engineering  As- 
sociation, 1916. 
Proceedings,  Vol.  17,  p.  345. 
Efficiency  Methods  on  New  York  Central  of  Raising  Track  on  Stone  Bal- 
last— Diagram. 
Committee  on  Ballast  American  Railway  Engineering  Association,  1917. 
Proceedings,  Vol.  13,  p.  464. 
Conserving  Labor.  Editorial. 

A  discussion  of  the  necessity  of  extending  the  working  season  over  as 
many  months  as  possible  in  order  to  complete  the  necessary  work 
with  the  forces  available.  700  w. 

Railway  Maintenance  Engineer,  March,  1917.  p.  68. 
Engineering    Methods    Must    Replace    Paternalism    in    the    Handling    of 
Labor.  Frances  A.  Kellor. 

Scientific  planning  should  be   applied   to   industrial    railway   manage- 
ment and  embrace  whole  field  of  employment,  promotion  and  hous- 
ing. 3500  w. 
Engineering  News-Record,  Vol.  78,  p.  82;  April  12,  1917. 
Holding  Men  on  the  Job.                                                                         Editorial. 
Experience  of  the  Rock  Island  Railway  Company  on  track  elevation 
work  in  Chicago.  800  w. 
Engineering  News-Record,  Vol.  78,  p.  216;  April  26,  1917. 
More  Supervision  Needed.                                                                      Editorial. 
Discusses  the  necessity  of  increasing  the  supervision  in  Maintenance 
of  Wav  Department.  600  w. 
Railwav  Maintenance  Engineer,  May.  1917.  p.  138. 
Labor  Conditions  and  How  Contractors  See  Them. 

Shortage  of  supply  and  shifting  of  men  from  place  to  place  consti- 
tutes a  difficult   problem   and   chief  cause   of   decreasing   efficiencv. 

8000  w 
Engineering  News-Record,  Vol.  78,  p.  651  :  June  28.  1917. 

Education,  Training  and   Development  of   Laborers. 

Railwav  Education  in  Europe. 

Railwav  Aire,  Vol.  37.  p.  297:   February  26,   1904. 
Why  Efficient  Track  Work  Ts   Skilled  Labor.  W.   M.   Camp. 

The  advantage  of  skilled  labor  in  Maintenance  of  Wav  work.     2000  w. 

Railway  and  Engineering  Review,  Vol.  47,  p.  092:  November  16,  1907 
Education  and  Organization  of  Railwav  Engineering  Labor. 

J.  E.  Muhlfrld 

Advocates  education  of  railwav  engineering  labor.  3000  w. 

Railwav  Engineering  Review.  Vol.  49.  p.  77;  Januarv  23.   1909. 
Educational  Work  in  the  Track  Department  of  the  Union  Pacific. 

A   description  of  the  work  of  the  Educational  Bureau   of  Informa- 
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tion  in  providing  courses  of  instruction  in  the  Maintenance  of  Wav 
Department.  2200  w. 

Railway  Age  Gazette,  June  16,  1911,  p.   1425. 
Summer  School  in  Track  Work. 

A    description   of   the   co-operative   arrangement   between   the    Union 

Pacific   and   the  University   of   Cincinnati    for   the    employment   of 

students  of  the  latter  school  in  track  work  during  the  summer.  500  w. 

Railway  Age  Gazette,  June  16,  1911,  p.  1430. 

Classifying  Track  Work  Between  Skilled  and  Unskilled  Labor.    Editorial. 

Discusses  the  possibilities  of  giving  special  training  to  certain  groups 

of  men  to  prepare  them   for   foremen's   positions.  400  w. 

Railway  Age  Gazette,  July  21,  1911,  p.  124. 

Educational  Work  in  Track  Department.  Union  Pacific  R.   R.         1800  w. 

Railway  Age  Gazette,  August  18,  1911. 
Section  Foremen  Meetings.  Editorial 

Discusses  the  benefits  to  be  gained  by  holding  frequent  meetings  of 
the  section  foremen.  700  w. 

Railway  Age  Gazette,  October  20,  1911,  p.  780. 
Track  Apprentices.  J.  T.  Bowser. 

Advocates  the  employment  of  track  apprentices  to  provide  material  for 
section  foremen.  900  w. 

Railway  Age  Gazette,  May  17,  1912,  p.  1117. 
Training  the  Future  Foreman.  J.  F.  McNally. 

A  discussion  of  the  most  practical   means   for  training  these  men. 

1200  w. 
Railway  Age  Gazette,  May  17,  1912,  p.  1119. 
Studying  the  Section  Foreman.  E.  R.  Lewis. 

A  discussion  of  the  responsibilities  of  this  employe  and  the  attention 
which  should  be  given  to  his  training.  2000  w. 

Railway  Age  Gazette,  August  16,  1912,  p.  312. 
The  Track  Labor  Problem.  Editorial. 

Advocates  improving  track  labor  by  education  and  training.       600  w. 
Railway  and  Engineering  Review,  Vol.  52,  p.  877;  September  21,  1912. 
Organization  of  a  Floating  Gang  to  Train  Foremen.        W.  H.  Cleveland. 
Advocates  the  maintenance  of  a  gang  whose  primary  purpose  would 
be   the  training  of   men    for   positions   as   track    foremen.  700  w 

Railway  Age  Gazette,  March  14,  1913,  p.  507. 
The  Foreman  Problem.  A.  Swart z. 

Discusses   several   methods  of  training  men   for   tliis   position.     700  \v. 
Railway  Age  Gazette.   April   18,   1913,   p.  802. 
Systematic  Training  of  Foremen. 

Discusses  the  need  for  a  definite  method  for  preparing  men  for  this 

position. 
Railway  Age  Gazette,  May  16,  1913,  p.  1078. 
Making  Section  Foremen  from  Clerks.  Wm.  F.  Woilner. 

An  outline  of  the  plan  for  the  trailing  of  general  office  employes  for 
positions  iti  tbe  Track  Department,  2600  w. 

Railway  Age  Ca7cttc,  December  10,  1013.  p.   1187. 
Development  of  Young  Men  in  Railroad  Work.  Geo.  M.  Basford 

Paper  read  before  the  New  England  Railroad  Club. 
Railway  \ge  Gazette,  Vol.  56.  No.  3:  January  16,  1914 
Instructing  Foremen  in  the  Handling  of  Labor  Editorial 

Discusses   the   necessity   of   training   men   in   the   handling   of   other 
turn.  300  w 

Railway  Age  Gazette,  July  17.  1014,  p.  113 
\  Systematic  Training  of  Supervisors,  Editorial 

Di  cu  tea  ill'  elaborate  method  of  training  supervisors  in  force  on  the 
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Penna.  and  the  results  secured.  500  w. 

Railway  Age  Gazette,  July  17,  1914,  p.  114. 
Means  of  Increasing  the  Efficiency  of  Track  Foremen  in  Handling  Labor. 

W.  E.  Schott. 
Some  of  the  difficulties  commonly  encountered  by  foremen  in  getting 
the  proper  amount  of  work  out  of  their  men.  1000  w. 
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Consider  the  Men  We  Have. 
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already  in  the  service  and  training  them  to  become  more  efficient. 

500  w. 
Railway    Maintenance    Engineer,    February,    1917,   p.   35. 
Training  Maintenance  of  Way  Men.  F.   W.  Thomas. 

A    detailed    plan    for    training    track    employes    for    the    position    of 
foreman  and  the  discussion  of  the  improvement  in   working  con- 
ditions  which  will  be  necessary.  4000  w. 
Railway  Maintenance  Engineer,   April,   1917,   p.   117. 
Moving  Pictures  in   Maintenance   Work. 

A  description  of  the  application  of  moving  pictures   to  the   instruc- 
tions of  track  laborers  on  the  Pennsylvania.  1500  w. 
Railway  Maintenance  Engineer,  April,  1917,  p.  126. 
Uplifting  the  Laborer. 

Railway  Review,  Vol.  61,  p.  263,  September  1,  1917. 


Appendix    B. 
(2)     METHODS  OF  SECURING  LABOR. 

SUB-COMMITTEE. 

R..  H.  Ford,  Chairman;  \\ ".  R.  Dawson, 

R.  A.  Baldwin,  W.  R.  Hillary, 

J.  Q.  Barlow,  C.  B.  Hoyt, 
\Y.  M.  Camp. 

The  following  arc  the  principal  methods  employed  on  American  Rail- 
ways for  obtaining  maintenance  of  way  and  construction  labor: 

(1)  Through  the  Foremen: 

This  is  generally  applicable  in  rural  districts. 

(2)  Through   Padrones  or  Interpreters: 

This  is  the  method  generally  used  in  obtaining  foreign  labor.  The 
laborers  are  engaged  through  their  representative  who,  as  a  rule,  either 
acts  as  an  assistant  or  intermediary  between  the  foreman  and  the  men 
and  is  paid  at  the  rate  of  an  assistant  foreman. 

(3)  Through    Labor  Agents: 

These  agencies  are  generally  located  in  the  larger  cities  where  sur- 
plus labor  congregates,  the  labor  agent  acting  as  a  sort  of  middleman 
between  the  laborers  and  the  railway.  In  many  cases  the  railways  under- 
take to  obtain  all  their  supply  from  some  representative  labor  agent. 
The  latter  also  may  represent  several  railways. 

(4)  Through   Contract   Feeding   Companies: 

These  companies  contract  with  the  railways  to  feed  their  labor  and, 
in  order  to  keep  the  camps  full,  they  will  also  arrange  with  the  railways 
to  supply  the  laborers.  As  a  rule,  the  latter  are  confined  to  the  floating 
labor,  but  not  to  gangs  of  foreign  labor.  The  feeding  companies  usu- 
ally arrange  with  labor  agents  to  supply  the  men  for  them. 

(5)  Through    Exclusively  Operated    Railway   Labor  Agencies: 

A  few  roads  have  provided  their  own  labor  agencies  in  about  the 
same  manner  as  that  usually  employed  by  the  labor  agent,  but  this  has 
not  been  developed  to  any  great  extent. 

(6)  Through    State  and    Federal    Labor   Bureaus: 

This  has  been  attempted  to  a  greater  or  less  extent  of  late  years, 
but  for  various  reasons  it  is  seldom  that  these  agencies  can  supply  the 
class  of  labor  that  is  required  for  railway  purposes. 

(7)  Through    Representatives   of    Foreign    Governments: 

In  some  of  the  larger  cities  these  men  have  acted  as  labor  agents  for 
recent  arrivals  of  immigrants  from  their  respective  countries  in  much  the 
same  manner  as  the  independent  labor  agent  does.  Of  late  years,  this  has 
not  been  an  appreciable  factor  and  since  the  war  it  has  ceased  altogether. 
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The  methods  employed  by  the  railways  for  obtaining  labor  have,  in 
general,  remained  the  same  for  many  years.  They  have  competed  in  the 
past  with  contractors  and  manufacturing  establishments  employing  large 
numbers  of  common  laborers.  Labor  agents  or  padrones  were  formerly 
the  sources  of  the  labor  supply,  but  there  has  been  a  steady  decline  of 
late  years  in  the  classes  of  men  that  reach  the  labor  agents.  A  large 
part  of  the  better  class  of  unskilled  or  common  foreign  labor  that  for- 
merly went  directly  to  the  railways  now  reach  the  mills  and  factories 
through  channels  other  than  the  labor  agent,  which  results,  as  a  rule, 
in  a  poorer  class  of  labor  only  being  left  available  for  the  railways 
through  these  agencies.  There  has  also  been  a  steady  decline  of  all 
classes  of  common  labor  available  for  railway  work,  due  to  better  and 
more  remunerative  opportunities  in  other  lines  of  industry.  The  railways 
have  met  this  condition  in  an  unorganized  and  desultory  fashion,  adhering 
to  original  methods  of  employment  and  endeavoring  to  obtain  the  addi- 
tional labor  required  by  various  practices  such  as  maintaining  a  low 
hourly  rate,  but  adding  for  extra  hours  not  actually  worked  in  order  that 
the  daily  wage  may  be  increased  without  affecting  the  hourly  rate.  Also 
a  gradual  lessening  of  supervisory  effort  on  the  part  of  the  foreman  and 
others  in  order  to  hold  the  men,  has  contributed  to  a  greatly  decreased 
efficiency.  While  these  and  similar  methods  are  reprehensible  and,  as  a 
rule,  strongly  condemned  by  the  railways  in  general,  it  is  unfortunately 
a  fact  that  largely  through  a  lack  of  appreciation  of  economic  condi- 
tions these  practices  still  continue. 

The  National  Immigration  law,  which  became  effective  May  1,  1917, 
requires  a  literacy  test  and,  it  is  believed,  will  tend  seriously  to  curtail 
the  supply  of  common  labor;  but,  with  the  exception  of  Mexico,  its 
full  effect  may  not  be  felt  until  after  the  war. 

It  is  believed  by  the  Committee  that  the  time  has  come  when  there 
must  be  a  better  understanding  by  the  railways  of  their  labor  problems; 
and  more  study  given  to  the  improvement  in  methods  of  securing,  organ- 
izing and  educating  unskilled  or  common  labor;  also  that  there  must  be 
co-operation  among  the  railways,  looking  towards  the  conservation  of 
the  labor  supply,  especially  in  the  large  centers. 

Committees  consisting  of  a  representative  from  each  railway  enter- 
ing the  larger  labor  centers  could,  to  advantage,  be  formed  to  study  local 
labor  conditions  and  to  keep  their  respective  companies  informed  of  labor 
conditions  generally.  These  local  committees  might  be  made  up  of  per- 
sons who  are  directly  concerned  with  the  employment  of  the  greatest 
number  of  laborers  in  the  territory  tributary  to  such  centers. 

In  a  study  of  cost  for  common  labor  by  the  Sub-Committee  on  labor 
of  the  Chicago  Zone  Railways  (an  organization  consisting  of  all  the 
roads  centering  in  Chicago  and  supporting  the  Presidents'  Conference 
Committee),  the  Sub-Committee  has  grouped  and  defined  common  or 
unskilled  labor  as   follows: 

(a)      Native: 

Consists  of  laborers   who   reside   in   the  vicinity,   most   of  whom 
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maintain  homes  within  access  of  the  work.  As  a  rule,  this  class  of 
labor  is  the  most  efficient  and  no  expense,  other  than  the  daily  wage, 
is  incurred  by  the  employer.  The  amount  of  this  class  of  labor 
available  for  construction  work  is  usually  insufficient. 

(b)  Foreign: 

Consists  of  laborers  who  come  to  work  in  groups  usually 
through  a  labor  agent  or  one  of  their  own  number  who  acts  as  a 
leader.  These  nun  usually  board  themselves.  Transportation  and 
free  housing  are  provided  by  contractors  or  the  railway  company. 

(c)  Hobo    Labor: 

Consists  of  tramp  laborers,  nearly  all  of  whom  are  employed  through 
labor  agents;  and  for  whom  transportation,  housing  and  feeding 
facilities  are  furnished  by  the  contractor  or  railway  company. 
Laborers  in  this  group  differ  from  those  grouped  as  foreign  laborers 
principally  from  the  fact  that  they  are  employed  singly  and  their 
continuity  of  service  is  of  such  short  duration. 

It  is  customary  for  railways  to  provide  free  transportation  for  com- 
mon labor  when  entering  their  employ.  Special  equipment  is  sometimes 
necessary,  and  frequently  these  trips  cover  long  distances.  Foreign  labor 
will  generally  arrive  at  the  destination  without  desertion;  but  in  the 
case  of  the  hobo,  there  is  considerable  loss,  the  amount  being  propor- 
tional to  the  length  of  the  trip  and  weather  conditions.  Cases  are  re- 
ported where  special  equipment  was  provided  for  shipments  of  over  two 
hundred  miles  and  less  than  20  per  cent,  of  the  men  arrived  at  destina- 
tion. The  average  arrivals  for  all  distances  is  probably  about  85 
per  cent. 

There  is  frequently  a  further  loss  of  about  15  per  cent,  caused  by 
the  failure  of  laborers  to  accept  actual  service  upon  their  arrival  at  the 
work.  While  this  is  especially  true  of  the  hobo,  it  applies,  to  a  more 
or  less  extent,  to  all  classes  of  laborers  who  come  to  the  work  singly. 
For  extra  gang  and  construction  work  it  is  customary,  where  possible, 
to  ship  men  from  the  labor  center  so  that  they  may  arrive  at  the  work 
in  the  morning  or  early  part  of  the  day  in  order  that  the  men  may  be 
set  to  work  immediately;  otherwise,  the  loss  from  those  not  accepting 
service  is  increased.  A  certain  percentage  may  be  expected  to  desert 
after  having  obtained  supper,  lodging  and  breakfast  without  having 
performed  any  work  whatever. 

Foreign  labor  is  affected  quickly  by  rumors  of  slight  increases  in 
pay  and  better  working  conditions.  It  is  not  unusual  for  an  entire  force 
to  leave  the  work  on  a  few  hours'  notice.  The  rate  of  pay  is  not  rela- 
tively so  important  with  hobo  labor  as  with  other  types  of  laborers. 

Studies  extending  over  some  years  indicate  that  free  transportation 
and  intoxicating  liquors  are  among  the  important  factors  in  promoting 
short  service,  which,  in  the  case  of  hobo  labor,  i^  its  greatest  drawback. 
These  conditions  are  aggravated  by  poor  working  conditions  and  sur- 
roundings. While  longer  service  is  obtained  from  foreign  labor  trans- 
ported free  of  cost,  the  practice  is  open  to  more  or  less  criticism.  By 
means  of  this  universal  free  movement,  common  labor  is  enabled,  often 
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upon  a  mere  whim,  to  move  back  and  forth  without  cost  to  the  laborer 
from  one  part  of  the  country  to  the  other;  causing  a  great  decrease  in 
man-power  with  resulting  disorganization  and  increased  cost  of  work  to 
the  railways.  It  is  a  question  whether  better  results  would  not  be 
obtained  if  all  roads  were  to  discontinue  this  practice  and  charge  for 
transportation  on  some  basis  that,  while  protecting  work  at  a  distance 
from  labor  centers,  would  discourage  this  wandering  tendency  of  much 
of  the  common  labor. 

Unfortunately,  it  does  not  rest  with  the  railways  to  entirely  remove 
this  source  of  difficulty.  A  large  percentage  of  free  travel  is  on  freight 
trains,  between,  in  and  under  cars,  which  for  various  reasons,  the  rail- 
ways have  apparently  been  unable  to  control.  Town  and  city  ordinances 
contribute,  to  some  extent,  to  this  troublesome  problem.  Better  co- 
operation between  the  railways  and  states  would  do  much  to  improve 
this  condition. 

In  its  Chicago  district,  the  Chicago,  Rock  Island  &  Pacific  Railway 
Company  has  for  several  years  maintained  a  record  of  the  length  of 
service,  and  reasons  assigned  by  track  and  construction  laborers  for 
leaving  its  service.  The  following  statement  covering  the  years  1916- 
1917  is  indicative  of  this: 
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Unfortunately,  the  true  reasons  are  not  always  given  and  the  fig- 
ures can  only  be  taken  as  pointing  to  the  probable  cause ;  the  desire 
for  ready  money  is  more  frequently  the  reason.  Laborers  will  leave  and 
return  to  the  same  job  in  the  course  of  a  few  days ;  the  lost  time  being 
spent  in  idleness.  Co-operation  between  railways  and  local  authorities 
and  better  housing  and  working  conditions  would  greatly  ameliorate  this 
condition. 

It  will  be  noted  in  the  above  statement  that  the  average  length  of 
service  for  the  year  1917  is  materially  increased  over  that  of  1916.  This 
is  in  part  due  to  greatly  improved  boarding  and  housing  facilities. 

Data  is  not  available  to  show  the  effect  on  common  labor  of  the 
severe  retrenchments  by  the  railways  during  the  past  ten  or  fifteen  years, 
but  it  is  probable  that  it  has  increased  the  tendency  for  engaging  rela- 
tively more  men  during  the  comparatively  short  working  season  with 
corresponding  reductions  in  the  unfavorable  seasons,  as  well  as  increas- 
ing, somewhat,  the  tendency  to  more  frequent  increasing  and  decreasing 
of  force  rather  than  to  transfer  laborers  from  one  point  to  another  in  or- 
der that  they  may  remain  in  continuous  service.  In  former  years  this  was 
not  as  much  of  a  problem,  because  railway  construction  and  large  mis- 
cellaneous improvement  work  in  various  parts  of  the  country  readily 
absorbed  surplus  railway  labor  and  gave  opportunity,  for  men  familiar 
with  such  work,  not  only  to  continue  in  this  line  of  employment,  but  to 
increase  in  skill  and  efficiency.  The  steady  decline  and  ultimately  the 
practical  cessation  of  railway  construction  has  closed  this  avenue  of  em- 
ployment and  much  of  the  railway  labor  has  been  forced  into  other 
service.  The  gradual  drifting  into  other  lines  of  employment  has  had  its 
effect  on  the  supply  of  efficient  railway  labor,  for  there  is  a  natural  tend- 
ency for  men  to  remain  in  these  other  classes  of  service,  especially  as  the 
pay  and  living  conditions  arc  better,  as  a  rule.  Much  of  the  better  labor 
does  not  come  back  and  this  has  greatly  reacted  against  the  efficiency 
and  education  of  track  labor  and  made  the  service  less  attractive. 

The  stopping  of  immigration  caused  by  the  war  and  the  effects  which 
must  culminate  because  of  it  has,  however,  completely  changed  conditions. 
The  conditions  brought  about  by  the  war  now  make  it  imperative  that 
readjustments  be  worked  out  which  will  have  for  their  purpose  better 
conservation  of  man-power,  and  more  careful  selection  and  continuity 
of  service  of  the  common  labor  necessary  to  maintain  the  railroads. 

The  Committee  desires  thai  this  be  considered  a  progress  report,  and 
that  the  subject  be  continued  during  the  coming  yeai 
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(3)     FEEDING  AND  HOUSING  MAINTENANCE  OF  WAY  AND 
CONSTRUCTION  EMPLOYES. 

SUK-COMMITTEE. 

E.  T.   HOWSON,  Chairman;  C.   M.  James, 

W.  J.  Backes,  J.  C.  Nelson, 

A.  F.  Bi.aess.  C.  A.  Paquette. 
R.  H.  Ford, 

In  any  study  of  the  present  acute  shortage  of  labor  in  the  Mainte- 
nance of  Way  Department  and  of  the  reasons  for  this  condition,  one 
is  quickly  brought  to  realize  the  fact  that  while  the  scarcity  of  men  is 
intensified  at  the  present  time,  there  are  certain  basic  conditions  which 
cause  the  railways  to  suffer  first  and  most  acutely  in  each  recurring 
period  of  industrial  activity.  In  other  words,  the  railways  are  not  com- 
peting successfully  with  other  industries  for  men,  and  when  men  have  a 
i  hoice  of  work  they  leave  the  roads  for  the  contractor  or  the  factory. 

One  of  the  most  important  if  not  the  governing  reason  for  the  fail- 
ure of  the  roads  to  retain  adequate  forces  when  men  are  scarce  is  the 
disparity  in  wages  in  comparison  with  competing  industries.  However, 
important  as  the  wage  is,  it  is  not  the  only  and  frequently  not  the  prin- 
cipal consideration.  The  conditions  under  which  the  men  are  required 
to  work  and  to  live  arc  important  in  their  estimation  and  rightly  so. 
The  importance  of  comfortable  living  quarters  and  an  ample  supply  of 
good  food,  well  cooked,  as  a  means  of  holding  men,  has  not  been  realized 
by  railway  companies  as  fully  as  by  the  contractors,  and  the  failure  on 
the  part  of  the  roads  to  provide  these  conditions  has  had  no  small  part  in 
bringing  railway  work  into  disfavor  among  the  men  and  causing  them  to 
seek  other  sources  of  employment  at  the  first  opportunity. 

Your  Committee  has  been  instructed  to  investigate  and  to  report  on 
Feeding  and  Housing  Maintenance  of  Employes.  Although  this  would 
include  skilled  labor,  such  as  carpenters  and  plumbers  as  well  as  un- 
skilled floating  gang  laborers,  the  Committee  has  limited  the  investiga- 
tion at  this  time  to  the  latter  class  of  men  who  are  employed  in  the  track 
department,  as  it  is  among  this  class  of  men  that  the  greatest  shortage 
its  and  the  most  acute  problem  is  presented  at  the  present   time. 

To  ascertain  the  methods  now  being  followed  by  the  roads  in  feed- 
ing and  housing  those  of  their  track  laborers  who  are  dependent  on  them 
for  these  accommodations,  a  circular  letter  was  sent  to  the  officer  in 
charge  of  maintenance  of  way  on  80  roads  asking  for  the  following 
information : 

(1)  Character  of  labor  employed  (native,  colored,  Italian,  etc.). 

(2)  The  extent  to  which  it  is  necessary  to  provide  housing  and 
feeding  accommodations. 
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(3)  The  character  of  housing  provided   (cars,  camps,  etc.). 

(4)  The  character  of  equipment  provided  (bunks,  bedding,  etc.) 
and  by  whom  furnished. 

(5)  The  extent  and  nature  of  the  sanitary  regulations  provided, 
giving  some  details,  and  the  regulations  enforced. 

(6)  Methods  of  feeding  your  men  (by  contract  or  company 
commissaries,  by  the  men  themselves,  etc.). 

(7)  Methods  of  charging  for  board,  including  determination 
of  rate. 

(8)  The  relative  advantages  and  disadvantages  of  these  sys- 
tems.    (Questions  6  and  7.) 

(9)  What  supervision  do  you  exercise  over  the  feeding  and 
determination  of  rate. 

(10)  To  what  extent  have  you  recently  or  are  you  now  remodel- 
ing and  improving  your  camp  and  boarding  facilities. 

(11)  What  effects  have  you  noticed  or  do  you  believe  result 
from  good  camps  in  the  way  of  holding  men?  Information  concern- 
ing definite  instances  particularly  solicited. 

Fifty  replies  to  this  letter  were  received  which  have  been  tabulated 
in  Addenda  (1)  and  are  discussed  below: 

EFFECT  OF  CHARACTER  OF  LABOR  ON  ACCOMMODATIONS. 

No  one  type  of  camps  or  method  of  feeding  men  can  be  offered  as 
a  standard  applicable  to  all  roads  or  even  to  all  gangs  on  one  road  or 
on  one  division  of  a  road.  In  many  ways  each  camp  is  a  problem  in 
itself,  although  a  successful  plan  at  one  point  wiH  be  applicable  to  other 
camps  of  the  same  general  character.  In  the  report  which  follows,  the 
Committee  has  not  attempted  to  recommend  any  one  plan  or  practice,  but 
it  has  endeavored  to  point  out  the  divergent  methods  used  on  different 
roads  and  in  some  cases  to  indicate  the  advantages  and  disadvantages, 
hoping  that  this  review  of  these  practices  and  the  discussion  which  may 
follow  in  the  convention  will  contain  suggestions  For  adoption  on  the 
individual   roads. 

The  most  important  condition  governing  the  character  of  the  hous- 
ing and  of  the  food  provided  is  the  nationality  of  the  nun  in  the  gang. 
The  Italian  does  not  desire  the  same  kind  of  food  as  the  hobo  nor  does 
he  want  it  provided  in  the  same  way.  Umost  every  nationality  and  class 
of  labor  employed  OH  track  work  has  its  peculiarities  and  customs  which 
must  be  respected,  if  the  nun  arc  to  be  retained  in  the  service  oi  the 
road. 

In  the  South  the  negro  is  employed  almost   exclusively.     Foi    in 
stance,  95  per  cent  ol   tin-  track  laborers  o*  the  Seaboard  Air  Line  are 
black,  the  remaining  5  per  cent  being  native  white  men      However,  the 
negro  track  laborer  is  not  confined  bj   arrj   means  to  the  South,  for  tin 
extensive  migration  oi    this   nee   North  during  the  laBl    fevtl   years   has 
brought  them  in  large  numbers  into  the  states  north  oi  t In-  Ohio  Rivei 
into  New  England  and  onto  lines  in  the  Northwest,  such  as  thj    I 
Northern.     This    migration    lias    been    SO    heavv    in    same    portions    oi    tffl 
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South  that  it  has  been  necessary  to  bring  in  other  laborers  to  fill  their 
places.  For  this  reason  Mexicans  were  employed  in  Mississippi  and 
Alabama  last  summer,  and  the  Southern  Railway  was  one  of  the  first 
roads  to  apply  to  the  Government  for  some  of  the  Porto  Rican  labor 
which  the  United  States  Department  of  Labor  considered  importing  into 
this  country  last  fall. 

In  New  England  and  the  states  east  of  Pittsburgh  and  north  of  the 
Ohio  River,  track  labor  has  been  largely  foreign  in  recent  years,  with 
Italians,  Greeks  and  Austrians  predominating.  These  men  are  readily 
attracted  to  other  employment  by  relatively  small  increases  in  wages  and 
with  the  widespread  industrial  activity  in  this  area  during  the  last  three 
years,  track  forces  have  been  seriously  depleted.  This  has  been  overcome 
in  a  measure  by  the  importation  of  negroes  from  the  Southern  States 
as  referred  to  above.  Some  roads  have  also  brought  Mexicans  from 
El  Paso  and  other  points  on  the  border  as  far  east  as  New  York. 

The  greatest  variety  in  the  character  of  track  labor  is  to  be  found 
on  roads  in  the  Middle  West.  The  native  white  has  been  replaced  in 
large  measure  by  the  hobo,  the  Italian  and  the  Greek,  although  within 
the  last  six  or  eight  years  the  Mexican  has  been  brought  North  in  large 
numbers,  and  the  negro  has  also  come  in  during  the  last  two  or  three 
years.  As  a  result  representatives  of  nearly  all  nationalities  are  found 
in  the  track  forces  in  this  part  of  the  country.  This  condition  extends 
into  many  of  the  gangs  themselves,  one  section  gang  of  seven  men  on 
a  western  road  being  noted  recently  to  consist  of  a  Japanese  foreman, 
one  Japanese,  one  Mexican,  two  negroes  and  two  Armenian  laborers. 

There  is  a  greater  uniformity  in  the  character  of  the  track  labor 
employed  on  the  roads  in  the  Southwest  than  in  any  other  part  of  the 
country  at  the  present  time,  Mexicans  being  found  almost  exclusively. 
As  more  Mexicans  have  come  into  this  country,  their  sphere  of  activity 
has  extended  northward  as  well  as  east,  although  the  alien  immigration 
law,  which  went  into  effect  May  1,  1917,  will  largely  arrest  the  influx 
and  spread  of  this  class  of  labor. 

From  the  above  it  is  evident  that  the  highly  localized  labor  of  a  few 
years  ago  has  now  become  a  thing  of  the  past.  The  conditions  of  the 
last  three  years  have  caused  almost  all  classes  of  men  to  move  more 
freely  from  one  part  of  the  country  to  another  than  ever  before,  with 
the  result  that  there  is  a  greater  diversity  of  forces  on  almost  even- 
road  than  was  found  a  few  years  ago.  This  condition  makes  necessary 
the  closer  study  of  the  housing  and  feeding  of  these  men  in  order  that 
their  wants  may  In-  satisfied  in  a  manner  approximating  that  to  which 
tlu\  have  been  accustomed,  for  unless  this  is  done  they  will  become  dis- 
satisfied and  go  t"  other  work.  On  many  roads  the  class  o&  men  now 
employed  demand  widely  differing  accommodations  from  those  provided 
a  few  years  ago. 

Extent  to  which  housing  is  necessary  depends  on  a  number  of  con- 
ditions other  than  the  nationality  of  the  men  employed.     Important  among 
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these  are  the  availability  of  local  accommodations  and  the  extent  to  which 
the  gangs  are  moved  from  place  to  place.  The  practice  is  quite  general 
over  the  country  to  provide  houses  for  section  foremen  at  points  where 
the  foremen  find  difficulty  in  arranging  for  them.  Although  limited  orig- 
inally to  such  points  where  they  were  provided  to  enable  the  roads  to 
hold  foremen,  this  practice  has  spread  on  some  roads  until  it  has  become 
standard  to  provide  such  houses.  Thus  it  is  the  standard  practice  of 
the  Louisville  &  Nashville  and  of  the  Seaboard  Air  Line  to  furnish  each 
section  foreman  with  a  house.  Where  this  is  not  done  the  latter  road 
allows  its  foremen  $8  per  month  additional  wage  in  lieu  of  the  house. 

In  past  years  it  was  unnecessary,  except  in  isolated  instances,  to  pro- 
vide housing  for  section  forces,  as  they  were  recruited  locally  and  lived 
at  home.  With  the  advent  of  the  foreigner  into  track  work  it  has  been 
necessary  to  provide  lodging  for  him  as  he  is  unable  to  secure  accommo- 
dations in  many  communities  along  the  line.  This  has  led  to  the  very 
common  provision  of  bunk  houses  at  section  headquarters  in  which  these 
men  can  live.  Such  facilities  are  provided  for  about  75  per  cent,  of  the 
track  forces  on  the  Long  Island,  which  employs  foreign  labor  almost 
exclusively. 

The  character  of  the  housing  provided  for  section  laborers  varies 
widely.  On  the  Seaboard  Air  Line,  where  the  negro  is  employed  almost 
exclusively,  it  is  the  standard  practice  to  provide  four  houses  for  the  use 
of  that  number  of  laborers  and  their  families  at  section  headquarters  in 
addition  to  the  house  for  the  foreman,  enabling  each  negro  laborer  to 
bring  his  family  with  him.  On  those  roads  in  the  Middle  West  on 
which  both  native  and  foreign  laborers  are  employed  in  section  gangs, 
housing  is  commonly  provided  only  lor  the  foreigner,  although  no  dif- 
ference is  made  in  the  wage. 

Car  bodies  removed  from  the  trucks  and  placed  on  the  ground  are 
most  commonly  provided  as  living  quarters  for  these  men,  although 
a  number  of  roads  have  designed  and  built  bunk  houses  for  this  purpose. 
Where  it  is  necessary  to  provide  housing  for  laborers  of  this  character, 
the  latter  practice  is  much  to  be  preferred.  The  car  body  has  little  to 
recommend  it  other  than  its  ready  portability  and  it-  supposedly  low 
first  cost.  At  section  headquarters,  where  accommodations  of  this  char- 
acter will  be  required  permanently  or  for  extended  periods,  a  road  can 
well  afford  to  provide  more  convenient  and  sanitary  arrangements. 

The  provision   of  housing  accommodations  is  even   more   necessary 
with  extra  gangs.      Even   i  l"  the  work  is  such  that  a  gang  may  In-  located 
at  one  point   for  a  considerable  period,  it   is   frequently   impossible  to   it 
cfuit  a  sufficient    force  locally;  and  it  then  becomes  necessary  in  most 
instances  to  house   such   gangs   in  camps.     Tims   the    \i  w    York,    New 

Haven    &    Hartford    Operated    27    permanent    camps    last     summer    with    a 

i  ombined  capacity  of  1931  nun 

In  addition   to  these  fixed  camps  it   is   neCessarj    t"  house  the   nun   in 

floating  gangs  wlm  move  from  one  place  t"  anothei   as  the  work  pi" 
This  is  the  more  common  condition,  particularl)   on  the  rail 
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ways  in  the  West,  where  extra  gang  work  is  confined  very  largely  to 
the  renewal  of  rail  and  ballast  and  to  similar  work  which  progresses 
from  one  point  to  another. 

The  character  of  the  camp  provided  at  any  point  depends  in  large 
measure  on  the  extent  to  which  it  is  necessary  for  the  gang  to  be  moved 
from  place  to  place.  Where  a  force  is  to  be  located  at  one  point  for  any 
considerable  length  of  time,  as  at  a  gravel  pit  or  on  construction  work, 
buildings  of  a  semi-permanent  character  are  provided.  Where  the  num- 
ber of  men  to  be  accommodated  is  larger  than  can  be  handled  in  one  or 
two  car  bodies  or  small  bunk  houses,  frame  buildings  are  easily  erected 
for  this  purpose.  These  buildings  are  of  widely  differing  designs,  de- 
pending upon  local  conditions  and  on  the  expenditure  which  a  road  is 
willing  to  make.  When  in  incorporated  cities,  these  standards  are  fre- 
quently established  by  the  requirements  of  the  municipalities,  both  as  to 
forms  of  construction  and  sanitation. 

More  commonly  it  is  necessary  to  move  gangs  from  place  to  place- 
at  frequent  intervals,  making  necessary  the  provision  of  portable  camps 
of  one  kind  or  another.  The  earliest  and  the  most  common  type  of  port- 
able camp  is  the  converted  box  car.  In  most  cases  the  cars  which  arc  in 
this  service  are  small  and  of  light  capacity,  and  for  this  reason  they 
have  frequently  been  condemned  as  unfit  for  revenue  service.  From 
the  nature  of  its  construction  a  car  of  this  character  is  difficult  to  main- 
tain in  a  sanitary  manner  and,  as  a  result,  it  has  come  into  quite  gen- 
eral disfavor  among  laborers  in  recent  years.  Because  of  the  important 
advantage  of  ready  portability  the  railways  have  been  hesitant  about  giv- 
ing up  cars  for  the  housing  of  men,  but  the  general  prejudice  against 
them  because  of  their  unsanitary  condition  has  led  a  number  of  roads  to 
revise  their  standard  plans  materially  to  improve  conditions  during  the 
last  three  or  four  years. 

One  of  the  most  important  objections  to  the  old  type  of  car  was  the 
number  of  men  crowded  into  it,  bunks  being  ordinarily  provided  for  16 
men  in  a  34-ft.  car.  Probably  the  most  important  improvement  which  a 
number  of  roads  have  made  in  the  design  of  their  cars  has  been  to  re- 
duce the  number  of  men  housed  in  each  car.  An  excellent  feature  of 
the  bunk  car  of  the  Delaware,  Lackawanna  &  Western  is  the  positive 
limitation  of  8  men  to  a  car. 

Another  important  consideration  in  the  design  of  a  bunk  car  is  ven- 
tilation. Until  recently  it  has  been  the  common  practice  to  place  two 
windows  in  each  end  of  a  car,  one  on  each  side.  A  practice  much  to  be 
preferred  is  that  of  the  Missouri  Pacific  car,  whereby  a  window  is  placed 
opposite  each  upper  and  lower  berth. 

One  feature  which  deserves  careful  consideration  in  these  days  of 
heavy  freight  trains  is  the  safety  of  the  men  as  they  are  moved  from 
place  to  place  in  the  cars.  Operating  rules  usually  provide  that  such  cars 
be  placed  at  the  rear  end  of  trains  to  lessen  the  danger  to  occupants. 
However,   at  best  these  cars   are  in   many  cases  old  and  of   light  con- 
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struction.  For  this  reason  the  Elgin,  Joliet  &  Eastern  and  some  other 
roads  have  equipped  all  bunk  cars  with  steel  underframes. 

In  many  cases  it  is  not  possible  to  equip  a  sufficient  number  of  cars 
from  those  condemned  for  revenue  service  and  it  then  becomes  necessary 
to  take  other  cars  from  commercial  traffic.  The  car  shortage  of  this 
year  has  illustrated  the  cost  of  this  practice  and  has  given  an  incentive 
to  the  development  of  substitutes  for  the  box  car  which  still  possess  the 
advantage  of  portability.  Thus  the  Chicago,  Milwaukee  &  St.  Paul  has 
designed  a  sectional  building  about  the  size  of  a  car  body,  which  is  built 
of  new  lumber  by  company  carpenter  forces  and  which  can  be  taken 
down  and  loaded  on  a  flat  car  for  movement  from  place  to  place.  The 
Chicago  &  Northwestern  has  developed  a  somewhat  larger  building  which 
can  be  handled  in  the  same  way. 

The  Southern  Railway  and  a  number  of  other  roads  have  equipped 
some  of  their  gangs  with  portable  steel  buildings,  several  types  of  which 
are  now  on  the  market.  An  important  advantage  of  these  portable  build- 
ings is  the  readiness  with  which  they  may  be  fumigated  and  maintained 
in  a  sanitary  condition. 

Other  roads  have  resorted  to  tents  in  which  to  house  floating  gangs. 
The  Los  Angeles  &  Salt  Lake  housed  a  number  of  gangs  in  tents  equipped 
with  board  floors  last  year.  The  Buffalo,  Rochester  &  Pittsburgh  also 
used  tents  for  two  or  three  years,  although  it  has  recently  abandoned 
them  for  portable  shanties. 

EQUIPMENT  PROVIDED  IN  CAMPS. 

The  character  of  the  equipment  provided  in  bunk  cars  and  the  re- 
sponsibility for  its  provision  vary  greatly  on  different  roads  and,  in  many 
cases,  between  different  camps  on  the  same  road.  It  is  the  common  prac- 
tice for  a  railroad  to  provide  the  bunks  in  the  cars  and  also  stoves.  Be- 
yond this  point  the  responsibility  varies,  the  men  providing  their  own 
bedding  in  some  instances  and  the  contractor  doing  this  on  other  roads, 
while  on  still  others  all  bedding  equipment  is  provided  directly  by  the 
railways. 

Until  a  few  years  ago  wooden  bunks  were  almost  universally  em- 
ployed in  cars  and  in  camps,  these  bunks  frequently  being  installed  in 
the  cars  by  carpenters  in  the  spring  and  removed  at  the  close  of  the  sea- 
son when  the  cars  were  returned  to  revenue  service.  Aside  from  the 
expense  of  equipping  the  cars  with  wooden  bunks,  these  bunks  have  been 
objectionable  because  df  the  great  difficulty  iii  keeping  them  free  from 
vermin  and  dirt;  and  they  have  heen  unsatisfactory  in  other  ways.  This 
has  resulted  in  a  rapidly  increasing  use  of  metal  hunks  of  which  several 

types  are  now  available.  While  wooden  hunks  are  still  to  he  found  in 
many  camps   and  On   main    roads,   they  cannot   now   he   considered   in   ac- 

botd  with  the  hest  modern  practice  and  are  nol  to  be  recommended  for 
I  modern  camp. 

The  men  are  required   to  provide  their  own   bedding  on  a  number  of 

roads,  including  the  Seaboard    w  Line,  the  Louisville  &  Nashville,  the 
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Great  Northern,  the  Kanawha  &  Michigan  and  the  Illinois  Central.  On 
other  roads,  including  the  Canadian  Pacific,  the  Missouri,  Kansas  & 
Texas,  the  St.  Louis-San  Francisco  and  the  St.  Paul,  bedding  is  furnished 
by  the  boarding  contractor  in  connection  with  his  arrangement  for  the 
feeding  of  the  men.  Other  roads,  particularly  in  the  East,  provide  the 
bedding  themselves.  On  the  New  Haven  the  superintendent  of  dining 
cars  furnishes  part-wool  blankets  and  mattresses  for  the  men  in  the 
camps.  The  Maine  Central  provides  similar  equipment.  On  the  Pennsyl- 
vania Railroad  and  the  Delaware,  Lackawanna  &  Western,  each  man  is 
provided  with  a  mattress,  two  blankets,  one  pillow  and  a  pillow  case. 
The  New  York  Central  Lines  have  provided  mattresses  for  camps  for  many 
years  and  have  recently  begun  to  provide  blankets  for  part  of  the  gangs. 
On  the  Southern  each  laborer  is  given  a  mattress,  one  blanket  and  a 
quilt  on  an  order  signed  by  the  Supervisor  or  the  General  Foreman. 

Other  facilities  commonly  provided  by  the  railways  at  camps  include 
stoves,  washbasins,  etc.  There  is  also  a  distinct  tendency  in  the  more 
modern  camps  to  provide  conveniences  for  the  men,  such  as  shower  baths, 
hot  and  cold  running  water,  sanitary  toilets,  etc.  In  addition  to  these 
facilities  the  Baltimore  &  Ohio  has  added  a  steaming  room  for  the  steam- 
ing of  clothing,  and  stationary  tubs  for  the  washing  of  clothes  in  some 
of  its  more  recent  camps. 

Another  development  in  some  of  the  more  modern  camps  is  the  pro- 
vision of  a  separate  room  or  car  for  a  lounging  or  clubroom  in  which  the 
men  can  spend  their  spare  time.  In  some  instances  where  camps  have  been 
so  equipped,  daily  and  illustrated  papers  are  provided  and  other  inex- 
pensive attractions  offered  to  occupy  the  spare  time  of  the  men  and  keep 
them  more  contented  in  the  service. 

THE   FEEDING   OF   EMPLOYES. 

The  best  method  of  feeding  track  laborers  is  a  much  disputed  ques- 
tion and  one  concerning  which  there  is  much  controversy  at  the  present 
time.  Without  doubt  no  one  method  is  equally  applicable  to  all  nation- 
alities and  to  the  widely  varying  conditions.  At  the  same  time  no  one 
phase  of  the  treatment  of  track  labor  is  more  open  to  criticism  at  the 
present  time  than  this,  and  it  is  important  that  the  railways  give  this 
subject  more  attention. 

With  some  nationalities,  as,  for  instance,  the  Italian,  it  is  necessary  to 
allow  the  men  to  feed  themselves  in  their  own  way.  While  this  fre- 
quently results  in  their  underfeeding  and  lessens  their  efficiency,  it 
appears  to  be  the  only  arrangement  under  which  the  men  will  work. 
On  the  Baltimore  &  Ohio  some  gangs  of  this  character  buy  their  food 
locally  and  prepare  it  themselves,  while  at  other  points  arrangements 
have  been  made  whereby  the  men  can  buy  it  from  a  regularly  estab- 
lished commissary  company.  However,  in  most  cases  it  is  not  only  pos- 
sible for  a  road  to  feed  its  men  directly,  but  it  is  actually  necessary  for 
it  to  do  so,  as  the  only  practical  way  in  which  the  men  can  be  fed. 
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In  the  South  it  is  the  very  general  practice  for  a  foreman  to  feed 
his  men  and  to  charge  them  for  board,  the  company  protecting  the  fore- 
man against  loss  by  deducting  the  amounts  due  him  from  the  pay  of 
the  men.  This  is  the  practice  on  the  Louisville  &  Nashville,  the  Kan- 
awha &  Michigan,  the  Richmond,  Fredericksburg  &  Potomac,  and  the 
Illinois  Central,  although  recently  the  latter  road  has  contracted  the 
feeding  of  some  of  its  larger  gangs  and  has  provided  company  com- 
missaries at  other  points.  With  this  plan  it  is  possible  for  the  men  to 
express  their  desires  regarding  the  amount  and  character  of  their  food 
directly  to  the  foremen  and  to  secure  what  they  want  more  readily.  The 
most  serious  objection  to  the  plan  is  the  difficulty  in  preventing  some 
foremen  from  taking  advantage  of  the  men  through  excessive  charges 
and  in  other  ways.  While  most  roads  on  which  this  system  is  in  effect 
provide  supervision  of  the  charges  for  board  made  by  the  foremen,  it  is 
very  difficult  to  detect  and  to  prevent  irregularities,  particularly  among 
colored  laborers.  As  one  check  on  the  charge  for  board,  the  Illinois 
Central  limited  the  deduction  on  this  account  to  50  per  cent,  of  the 
amount  due  each  man  until  last  year  when,  because  of  the  increased 
cost  of  food,  this  limit  was  raised  to  65  per  cent.  On  the  New  York 
Central  Lines  west  of  Buffalo  it  was  formerly  the  universal  practice  for 
the  foreman  of  each  gang  to  buy  the  provisions  and  collect  from  the 
men  pro  rata  for  the  exact  cost  of  the  food,  and  this  practice  is  still 
followed  with  white  men.  Foreign  laborers  are  now  fed  by  the  Track 
Supervisor  through  the  foremen  at  a  fixed  rate  per  man  which  allows 
the  Supervisor  no  profit,  while  negro  gangs  are  boarded  at  a  fixed  price 
per  week,  the  charge  being  deducted  by  the  company  in  all  cases. 

Where  the  men  are  fed  by  the  foremen  the  collection  of  the  amounts 
due  for  board  are  left  entirely  to  the  foremen  on  the  Grank  Trunk  and 
the  Kanawha  &  Michigan.  In  general,  however,  the  company  deducts 
from  the  pay  the  amount  due  to  cover  this  charge.  On  the  New  York 
Central  Lines  west  of  Buffalo  each  man  in  the  signal  gangs  is  required 
to  deposit  with  his  foreman  a  sum  equal  to  the  estimated  cost  of  his 
board  for  the  week,  each  Monday  morning,  while  men  in  the  bridge 
gangs  pay  their  pro  rata  charge  of  the  cost  of  their  board  at  the  end 
of  each  week. 

The  practice  most  commonly  followed  in  the  West  is  to  contFact  the 
hoarding  of  all  gangs  to  a  contractor  specializing  in  this  work  and  to 
leave  all  details  regarding  the  purchase  and  preparation  of  the  food  to 
him,  the  company  deducting  the  amount  for  hoard  from  the  pay  of  each 
man  and  turning  it  over  to  the  contractor  directly.  With  such  an  ar 
rangement  the  railway  usually  provides  the  cars  or  camps  and  Supplies 
such  as  stoves  and  tables,  while  the  contractor   furnishes  the   dishes  atv1 

conking  utensils  and   all   kitchen   help.     Generally  the  contractor  who 

the  men   in   the  ramps   also  operates   a   labor   a-enev    with   a   v 
keepin  lull.      By    this    method    a    railway    transfers    tin-    re 

sponsibility  for  the  feeding  <>f  its-  men  to  an  organization  specializing  in 
this  work  and  gains  the  benefit   of  this   Specialization.     At   the   same  1 1 ni« 
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this  arrangement  introduces  a  third  party  between  a  railway  and  its 
employes  whose  interests  generally  do  not  coincide  with  those  of  either 
of  the  other  two. 

This  conflict  of  interest  has  led  to  the  operation  of  commissaries  and 
the  feeding  of  men  directly  by  the  railways  in  a  number  of  cases.  The 
New  York,  New  Haven  &  Hartford,  the  Delaware,  Lackawanna  &  West- 
ern and  the  Pennsylvania  Railroad  have  adopted  this  plan,  and  the 
latter  road  reports  that  camps  operated  in  this  manner  are  much  pre- 
ferred by  the  men.  In  general  the  policy  of  a  road  furnishing  its  own 
camps  is  to  provide  the  men  with  a  sufficient  amount  of  proper  food  and 
without  profit,  removing  the  tendency  for  the  exploitation  of  the 
foremen. 

Where  the  boarding  of  the  men  is  contracted  to  a  commissary  com- 
pany the  rate  per  meal,  or  more  commonly  per  week,  at  which  the  men 
are  to  be  charged  is  determined  by  agreement  between  the  company  and 
the  contractor,  and  the  men  are  advised  of  this  arrangement  when  hired. 
The  amount  due  the  contractor  is  then  deducted  by  the  company  from 
the  wages  due  each  man  and  is  remitted  directly  to  the  contractor. 

On  the  Nashville,  Chattanooga  &  St.  Louis  the  company  boards  its 
own  men  in  every  gang  except  one  or  two  special  organizations  em- 
ployed on  construction  work.  The  men  are  charged  for  board  on  the 
basis  of  the  cost  which  was  computed  several  years  ago,  this  amount 
being  deducted  from  the  daily  wage.  No  deduction  is  made  for  rainy 
days,  while  gangs  are  moving,  or  where  men  fail  to  work  for  any  other 
reason.  No  readjustment  of  this  charge  has  been  made  in  recent  years 
on  account  of  the  increased  cost  of  supplies. 

To  compensate  a  boarding  contractor  for  the  increased  cost  of  food- 
stuffs and  at  the  same  time  to  keep  the  rates  charged  the  men  for  board 
at  a  reasonably  low  figure,  the  Buffalo,  Rochester  &  Pittsburgh  now 
pays  the  contractor  five  cents  for  each  meal  furnished  a  laborer  actually 
at  work.  The  Maine  Central  accomplishes  the  same  purpose  by  reim- 
bursing its  foremen,  who  feed  their  men,  for  the  actual  cost  of  board 
in  excess  of  50  cents  per  day.  The  New  Haven  pays  part  of  the  cost 
of  board  in  still  another  way,  charging  the  men  $4  per  week  for  the 
first  four  weeks  they  are  in  the  service  of  the  company  and  $3.50  per 
week  thereafter.  This  latter  rate,  which  is  less  than  the  actual  cost  to 
the  company,  is  offered  as  an  inducement  to  the  men  to  remain  in  the 
service.  The  Southern  goes  still  further  with  its  extra  and  construction 
gangs,  paying  them  a  fixed  wage  in  addition  to  board  and  then  paying 
the  contractor  for  all  meals  served  without  making  any  deductions  from 
the  pay  of  the  men.  This  eliminates  all  accounting  between  the  company 
and  the  men  and  removes  all  uncertainty  and  cause  for  dispute  concern- 
ing deductions  from  the  pay  checks,  a  very  important  consideration  in  the 
mind  of  the  negro. 

Another  method  to  protect  a  boarding  contractor  against  the  high 
cost  of  foodstuffs  is  to  pay  him  the  actual  cost  of  the  food  and  service 
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plus  a  fixed  percentage.     This  plan  was  adopted  at  several  camps  on  the 
Big  Four  last  year  and  has  also  been  tried  on  other  roads. 

The  amount  of  supervision  given  the  character  of  the  food  served  to 
the  men,  or  the  manner  of  presenting  it,  varies  to  a  considerable  extent 
according  to  the  system  under  which  the  men  are  being  fed.  Where  they 
feed  themselves  directly  or  through  arrangements  with  their  foremen, 
little  attention  is  ordinarily  paid  to  the  subject  except  to  see  that  the 
charges  are  not  exorbitant.  Where  the  feeding  is  done  by  a  contractor, 
closer  inspection  is  required,  although  a  number  of  roads  have  reported 
that  no  attention  is  given  to  this  subject  even  under  this  arrangement 
except  when  complaints  are  received.  In  general,  however,  the  local 
Superintendent,  the  Division  Engineer,  the  Supervisor  and  the  foremen 
are  expected  to  inform  themselves  regarding  the  service  given  the  men 
and  to  see  that  the  contractor  fulfills  his  contract.  A  number  of  roads 
expect  their  Roadmasters  to  eat  at  these  camps  at  frequent  intervals  in 
order  to  inform  themselves  regarding  the  character  of  the  food  served. 

SANITARY  PRECAUTIONS. 

One  of  the  most  commonly  neglected  details  about  a  camp  and  at 
the  same  time  one  of  the  most  important  both  for  the  health  of  the  men 
and  for  their  efficiency  on  the  work,  is  that  of  camp  sanitation.  In 
reply  to  the  inquiry  of  the  Committee  a  number  of  roads  stated  frankly 
that  they  were  doing  nothing  along  this  line.  This  situation  is  only 
too  common  and  has  given  rise  to  regulations  by  state  and  local  boards 
of  health  which  are  frequently  unnecessarily  drastic.  From  the  stand- 
point of  the  efficiency  of  its  workmen  alone,  a  company  is  justified  in 
requiring  that  ordinary  sanitary  provisions  are  enforced,  while  from  the 
standpoint  of  its  duty  as  a  property  owner  in  the  community  through 
which  it  passes,  a  railway  should  not  wait  until  it  is  forced  to  remedy 
unsanitary  conditions. 

In  some  instances,  on  roads  which  are  giving  attention  to  this  sub- 
ject, the  sanitation  of  maintenance  of  way  camps  is  under  the  direction 
of  a  company  medical  officer  who  issues  instructions  and  then  sees  that 
they  are  enforced.  More  frequently  this  supervision  is  left  to  the  local 
Roadmasters  and  foremen.  Where  camps  are  operated  by  boarding  con- 
tractors, a  clause  is  frequently  inserted  in  their  contracts  to  the  effect 
that  proper  sanitary  measures  are  to  be  observed  about  the  camps ;  but 
this  requirement  is  frequently  not  enforced.  In  any  case,  frequent  in- 
spections by  the  local  officers  arc  absolutely  necessary.  On  the  Chicago 
Terminal  of  the  Chicago,  Rock  Island  &  Pacific,  this  inspection  is  made 

by  the  local   company    physicians,   who   arc    required    to    inspect    all   camps 

and  hunk  houses  thoroughly   each  month  and  to  recommend  any  needed 
improvements 

Tin-    first    ami    mosl    itnpoit.mt    detail    requiring    attention    is    that    of 

toilets.     Suitable   facilities  should  be  provided   ;it   ever}    camp,   and  t he 
men  should  be  required  to  use  them  in  so  far  as  practicable.    Ordinary 
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dry  closets  are  most  common,  in  which  case  they  should  be  moved  at 
frequent  intervals  and  the  pits  covered  or  lime  applied. 

Another  problem  which  requires  attention  is  the  prompt  disposal  of 
garbage.  On  the  New  York  Central  Lines  a  trench  is  dug  along  the 
right-of-way  fence  and  the  garbage  is  buried  under  it.  On  the  Norfolk 
&  Western,  barrels  are  provided  for  the  refuse,  which  is  dumped  at 
isolated  points  daily.  On  the  Missouri,  Kansas  &  Texas  and  the  Duluth, 
South  Shore  &  Atlantic,  all  such  refuse  is  burned. 

A  very  important  precaution  is  the  provision  of  an  ample  supply  of 
pure  drinking  water.  On  the  Chicago  &  Northwestern  water  cars  are 
attached  to  each  camp  outfit  which  is  located  at  a  point  where  the  local 
water  has  not  been  approved  by  the  medical  officer  and  water  is  hauled 
to  the  camp  from  some  source  of  approved  quality.  These  water  cars  are 
sterilized  with  live  steam  at  frequent  and  regular  intervals. 

The  frequent  fumigation  of  camps  is  another  important  provision  to 
keep  them  sanitary  and  free  from  vermin.  The  Illinois  Central  requires 
that  all  bedding  be  taken  out  of  the  buildings  and  cars  and  aired  at 
least  twice  each  week,  and  the  Supervisors  are  required  to  make  inspec- 
tions to  satisfy  themselves  that  this  is  done  and  that  the  cars  are  kept 
clean.  On  the  Southern  all  cars,  houses,  bedding  and  fixtures  are  sprayed 
with  a  disinfectant  as  often  as  necessary.  On  the  Great  Northern  the 
maximum  interval  between  applications  is  placed  at  three  months.  Sul- 
phur is  employed  to  fumigate  camps  at  regular  intervals  on  the  New 
Haven.  On  the  Delaware,  Lackawanna  &  Western  the  camp  cook  and  his 
assistants  are  held  responsible  for  the  maintenance  of  the  camps  in 
proper  condition.  Bunk  cars  are  required  to  be  washed  and  all  bedding 
hung  outside  in  the  air  daily.  All  sheets  are  laundered  once  each  week. 
All  camps  on  this  line  are  also  fumigated  thoroughly  every  three  months. 

RECENT  IMPROVEMENTS   IN  CAMPS. 

The  increased  attention  which  is  now  being  given  to  camps  is  bring- 
ing a  greater  realization  of  the  unsatisfactory  conditions  which  have  been 
allowed  to  develop.  This  is  leading  to  improvements  in  the  provisions 
for  the  housing  of  laborers  by  many  roads.  Some  of  these  are  indicated 
in  the  replies  which  the  Committee  received  to  its  letter  of  inquiry,  and 
are  abstracted  below. 

Earl  Stimson,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio: 

Stationary  camps  are  being  erected  wherever  possible.  These  are 
equipped  with  steel  bunks,  bath  facilities,  sanitary  kitchens  and  toilets, 
completely  screened  and  ventilated.  Large  airy  bunk  houses  are  replac- 
ing camp  cars  and  bachelor  camps  arc  being  replaced  with  commissary 
boarding  camps. 

E.  G.  Lane,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio  South- 
western: 
We   are  improving  our  camp   and   boarding    facilities   constantly   by 
repainting,   whitewashing,   disinfecting   and    wherever   possible,    providing 
shower  baths. 
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F.  B.  Freeman,  Chief  Engineer,  Boston  &  Albany: 

We  are  improving  all  the  time,  furnishing  old  coaches  instead  of 
box  cars,  steel  bunks  instead  of  wood;  insisting  on  greater  cleanliness. 

B.  M.  Cheney,  General  Inspector  Permanent   Way  and  Structures,   Chi- 
cago, Burlington  &  Quincy: 
We  are  gradually  replacing  wooden  bunks  with  steel  bunks,  screening 
all  cars  and  providing  additional  windows. 

W.  H.  Penfield,  Assistant  to  Vice-President,  Chicago,  Milwaukee  & 
St.  Paul: 
Much  more  attention  is  being  given  to  the  housing  and  feeding  of 
laborers  than  was  customary  in  the  past.  Every  effort  is  being  made  to 
provide  clean  and  attractive  living  accommodations,  satisfactory  meals 
and  lodgings.  Bunk  cars  and  houses  are  provided  with  a  much  better 
class  of  beds  than  formerly;  screens  are  provided  for  the  cars  and  every 
effort  is  made  to  keep  them  clean  and  sanitary.  This  is  absolutely 
necessary,  as  the  men  will  not  remain  long  in  a  camp  which  is  not 
entirely  satisfactory  to  them. 

E.  R.  Lewis,  Assistant  to  General  Manager,  Duluth,  South  Shore  & 
Atlantic: 
We  have  recently  installed  a  system  of  paying  the  contractor's  cooks 
and  keeping  the  contractor's  books  with  a  view  to  protecting  the  com- 
pany financially  and  with  a  view  to  keeping  down  the  cost  of  board, 
rather  than  increasing  the  wages  of  laborers. 

G.  B.  Ozuen,  Superintendent  of  Maintenance,  Erie: 

We  have  recently  constructed  about  twenty  camps  and  ten  barracks 
with  improved  ventilation  and  sanitary  conditions  and  are  remodeling 
old  bunk  cars  in  conformity  therewith. 

/.  R.  W.  Davis,  Engineer  Maintenance  of  Way,  Great  Northern: 

We  are  gradually  improving  the  bunks  to  the  extent  of  using  steel 
bunks  and  springs  and  also  more  windows  and  space  in  cars. 

A.  F.  Blacss,  Engineer  Maintenance  of  Way,  Illinois  Central: 

We  have  done  much  in  the  past  year  toward  improving  our  camp 
cars  and  temporary  bunks.  The  cars  have  not  all  been  overhauled,  but 
they  are  being  overhauled  as  rapidly  as  we  can  get  them  in  the  shops, 
being  screened  and  fixed  up  so  they  can  be  kept  more  sanitary,  equipped 
With  steel  bunks  and,  generally  speaking,  made  more  comfortable  than 
has  been  the  practice  heretofore,  in  order  to  keep  the  men  more  satis- 
fied and  contented.  The  commissary  we  have  recently  built  on  our  Chi- 
cago Terminal  near  Wildwood  consists  of  several  sets  of  buildings,  one 
of  them  to  take  rare  of  the  construction  work  and  the  other  maintenance 
work  on  the  terminal  propertv.  Each  one  of  these  units  contemplates 
taking  care  of  from  100  to  125  men,  and  consists  of  four  or  five  build- 
ings, sleeping  24  men  each: 

One  building,  equipped  With  running  water,  shower  baths,  lavatories 
and  toilets. 

One  building   for  commissary,  kitchen  and   dining  room 
One  small   building   for   use   in   case   the  men   Income  sick. 
These    buildings    are    equipped    with    electric    lights    and    sanitary    steel 
hunks. 

0    IT  W./'cv   Engineer  Maintenance  of  Way,  Kanawha  &  Michigamt 

All  new  camp  ears  being  huilt  are  provided  with  Steel  hunks  We 
arc  also   reducing   the   number  Of   hunks   per   ear   where  possible. 
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F.  Ringer,  Chief  Engineer,  Missouri,  Kansas  &  Texas: 

Realizing  the  importance  of  providing  adequate  and  sanitary  outfits, 
it  is  our  purpose  to  replace  all  wood  bunks  with  metal  bunks  as  fast  as 
practical;  also  to  provide  satisfactory  facilities  for  housing  laborers  on 
sections. 

E.  A.  Hadlcy,  Chief  Engineer,  Missouri  Pacific: 

Particular  care  is  exercised  in  keeping  the  outfit  cars  clean  and  sup- 
plied with  all  conveniences  consistent  with  the  character  of  work.  Any 
suggested  improvement  is  promptly  put  into  effect  for  test,  and,  if  found 
desirable,  adopted  as  standard. 

H.  B.  Re jnsagen,  Engineer  Maintenance  of  Way,  New  York  Central  Lines: 
We  are  improving  our  camp  cars  steadily  and  rapidly.  We  are  using 
more  coaches,  preventing  men  from  tearing  their  cars  in  pieces,  and 
painting  the  cars  for  sanitary  purposes.  We  are  putting  up  better  houses 
with  water  pressure  and  better  sanitation. 

W.  J.  Backes,  Engineer  Maintenance  of  Way.  Neiv  York,  Nezu  Haven 
&  Hartford: 
Stationary  or  permanent  camps  have  been  erected  at  South  Nor- 
walk,  Rowayton,  Montewese,  Derby  Junction,  Waterbury  and  Midway, 
Conn.,  Uxbridgc,  Mass.,  and  other  points,  and  camps  are  now  being 
constructed  at  Holbrook  and  Islington,  Mass.,  the  last-mentioned  with 
a  capacity  for  130  shop  and  roadway  men,  being  probably  the  most  com- 
plete. Camps  are  equipped  with  cement  floors  and  can  be  washed  out 
and  kept  in  sanitary  condition.  Upon  receipt  of  material,  they  will  be 
provided  with  toilets,  shower  baths,  basins,  etc. 

Job  Tuthill,  Chief  Engineer,  Perc  Marquette: 

Cars  are  kept  in  good  condition  as  it  is  possible  to  equip  that  kind 
of  equipment. 

B.     Herman,     Cliirf    Engineer    Maintenance     of     Way     and     Structures, 
Southern: 
We  are  now  preparing  standard  plans  for  remodeling  and  improving 
our  camp  cars. 

IMPORTANCE  OF  GOOD  CAMPS. 
The  effect  of  good  camps  and  boarding  facilities  on  men  is  indicated 
by  the  following  comments  which  were  received  in  reply  to  the  circular 
letter  of  the  committee: 

F.  B.  Freeman,  Chief  Engineer,  Boston  &  Albany: 

We  cannot  hold  men  without  good,  well-fitted,  clean  camps. 

Earl  Stimson,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio: 

The  situation  has  come  to  such  a  point  that  laborers  seeking  em- 
ployment inquire  about  all  conditions  of  housing  and  feeding.  Stationary 
camps  equipped  with  good  sanitary  toilet  facilities  are  a  factor  in  holding 
men.  At  one  point  situated  in  a  very  busy  industrial  district  we  are  able 
to  compete  with  the  abnormal  rates  paid  for  labor  in  manufacturing 
concerns  by  providing  a  modern  stationary  camp. 

A.    C.    Mackenzie,    Engineer    Maintenance    of    Way,    Canadian    Pacific, 
Eastern  Lines: 
Our    experience   has    been    that    where    proper    accommodations    and 
other    facilities   arc  provided   we  can   hold  our   men   and   also   attract   a 
good  class  of  labor. 
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C.  E.  Weaver,  Engineer  Maintenance  of  Way,  Central  of  Georgia: 

Clean  and  well-kept  camps  unquestionably  assist  in  holding  labor, 
also  the  quality  and  quantity  of  food  furnished.  Probably  there  is  not 
as  much  opportunity  to  get  information  of  a  comparative  nature  with 
negro  labor  as  with  white  labor,  as  negroes  ordinarily  are  not  unusually 
particular  about  their  quarters  or  food. 

B.  M.  Cheney,  General  Inspector  Permanent  Way  and  Structures,  Chi- 

cago, Burlington  &  Quincy: 

It  is  the  general  opinion  that  good  camps  tend  to  hold  the  men, 
although  at  the  present  time  it  seems  as  though  this  does  not  have  very 
much  effect. 

C.  G.  Delo,  Chief  Engineer,  Chicago  Great  Western: 

A  good  camp  and  good  food  will  hold  the  men  when  wages  are 
equal  to  those  paid  at  other  places.  I  do  not  believe  the  men  will  stay 
in  any  camp,  regardless  of  how  good  the  housing  or  the  food,  when 
the  wages  at  another  place  are  from  15  to  20  per  cent,  higher. 

W.   H.    Penfield,   Assistant    to    Vice-President,    Chicago,   Milwaukee    & 
St.  Paul: 

There  is  no  doubt  but  what,  other  conditions  being  equal,  men  prefer 
work  at  points  where  good  living  accommodations  are  provided.  The 
benefits  of  good  living  accommodations,  however,  are  not  as  apparent 
where  transient  or  temporary  forces  are  employed  as  they  are  where 
men  are  employed  permanently,  and  perhaps  have  their  families  with 
them  on  the  work.  For  all  classes  of  permanent  employes,  much  attention 
should  be  given  their  living  facilities.  Temporary  employes  will  seek 
work  where  the  best  accommodations  are  provided,  all  other  things 
being  equal.  They  are  really  much  more  interested  in  the  rates  of  wages 
and  working  conditions ;  the  personality  of  the  foremen  and  the  char- 
acter of  the  work  to  be  performed,  than  they  are  of  their  living  condi- 
tions. They  feel  that  they  are  only  temporarily  located  on  the  work, 
and  probably  do  not  give  as  much  serious  thought  to  the  living  accom- 
modations as  they  would  if  permanently  employed.  Their  object  is  to 
seek  employment  where  they  will  receive  a  maximum  wage  with  a  min- 
imum amount  of  work.  All  laborers  demand  reasonably  good  living 
accommodations.  It  is  necessary  to  meet  their  demands  in  this  respect. 
After  this  is  done,  it  is  questionable  if  any  further  refinement  in  living 
accommodations  is  reflected  in  work  performed  by  the  men. 

C.  A.  Paqucttc,  Chief  Engineer,  Cleveland,  Cincinnati,   Chicago 
Louis: 

The  question  of  compensation  seems  to  be  the  one  uppermost  in  the 
minds  of  tin-  men.  In  the  lar.uc  industrial  centers  reached  by  this  road, 
the  difficulty  of  holding  men  for  track  work,  and.  in  fact,  for  any  class  of 
railroad   maintenance   work,   is   enormous.     We  arc   constantly   scouring 

contiguous  territory  for  labor,  but  the  percentage  of  men  shipped  to 
a  job,  who  go  to  work,  is  very  small.  We  make  it  a  point  to  provide 
good  accommodations  and  insist  on  good  food  being  furnished  the  men, 
imt  notwithstanding  all  efforts  along  this  line  it  is  very  difficult  to 
maintain  forces.  Trie  compensation  offered  tin-  men  in  industrial  work  is 
very  tempting,  and  they  are  prone  t<>  leave  railroad  employment  for  the 
industrial  field  no  matter  how  well  they  are  boused  and  ted  bj  tin-  rail 
way  company. 
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irk,  Assistant  to  Second  Vice-President,  Chicago,  Rock  Island  & 
Pacific: 

A  good,  clean,  well-managed  camp  means  better  labor.     Any  m 
-pent   in  improving   facilities   for  employes   is  money   well   spent  by   any 
railroad. 

./.    /.    Neafie,   Principal   Assistant   Engineer,   Delaware,   Lackawanna    & 
Western: 

Good  labor  camps  where  men  are  properly  handled  and  fed  prove 
a  good  advertisement,  which  attracts  and  retains  labor,  this  being  notice- 
able with  our  test  camp  at  Dover,  N.  J. 

E.  R.   Lewis,   Assistant    to    General   Manager,   Duluth,   South   Shore    & 

Atlantic: 

My  experience  is  that  the  first  requisite  for  a  good  camp  is  a  fore- 
man with  sufficient  intelligence  and  executive  ability  to  preserve  the 
best  of  discipline  among  his  men.  Next  in  importance  is  a  sufficiency  of 
good,  clean,  plain  food.  The  latter  is  largely  dependent  upon  the  fore- 
sight of  the  person  who  does  the  ordering  of  the  provisions.  My  ob- 
servation is  that  men  prefer  to  work  in  a  well  ordered  camp  where  they 
get  enough  to  eat,  plain  food  well  cooked  and  regularly  supplied,  rather 
than  to  work  at  a  camp  where  the  board  is  more  abundant  and  costly 
and  not  so  well  served. 

G.  B.  Owen,  Superintendent  of  Maintenance,  Erie: 

The  best  inducement  to  keep  the  men  now  available  for  labor  in 
camps  is  the  fact  that  their  meals  are  prepared  and  set  for  them.  The 
standard  sleeping  car,  well  ventilated  and  sanitary,  does  much  to  hold 
good  men  in  camps.'  Shower  baths  installed  at  some  of  the  larger  camps 
have  produced  good  results. 

/.  R.  W .  Davis,  Engineer  Maintenance  of  Way,  Great  Northern: 

Good  camps  attract  laborers  so  long  as  these  camps  are  better  than 
the  camps  furnished  by  other  railroads. 

A.  F.  Blaess,  Engineer  Maintenance  of  Way,  Illinois  Central: 

There  is  no  question  but-that  a  clean,  healthy,  sanitary  camp  has  much 
to  do  toward  holding  men  and  keeping  them  satisfied,  and  to  keep  them 
satisfied  we  must  not  only  have  good,  healthy  sanitary  camps,  but  they 
must  be  well  fed.  We  have  given  a  good  deal  of  attention  in  the  past 
few  years  toward  improving  our  camp  cars,  but  there  is  a  great  deal 
more  to  be  done  to  bring  them  up  to  the  standard  to  which  we  expect 
to  get  them  ultimately. 

W.  H.  Courtenay,  Chief  Engineer,  Louisville  &  Nashville: 

My  experience  is  that  elaborate  camps  would  have  very  little  effect 
in  holding  men.  Many  of  the  negro  laborers  seem  to  prefer  crowding  in 
bunk  cars  to  living  in  more  comfortable  houses.  Negroes  like  to  crowd 
together. 

R.  G.  Kcnly,  General  Manager,  Minneapolis  &  St.  Louis: 

We  believe  the  better  the  men  are  cared  for  the  better  work  we  get. 

F.  Ringer,  Chief  Engineer,  Missouri,  Kansas  &  Texas: 

The  maintenance  of  adequate  and  sanitary  camps  is,  we  think,  very 
essential  toward  holding  men,  and  it  is  our  effort  to  provide  satisfactory 
equipment  in  our  extra  gang  outfits. 
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E.  A.  Hadley,  Chief  Engineer,  Missouri  Pacific: 

There  is  no  question  but  what  the  operation  of  first-class  camp  outfits 
will  be  a  considerable  aid  in  the  securing  and  holding  of  laborers. 

H.  B.  Reinsagen,  Engineer  Maintenance  of  Way,  New  York  Central  Lines: 

Better  camps  will  hold  men ;  better  rates  of  pay  would  help  more, 
though  care  and  attention  are  needed;  the  rate  of  pay  is  one  ingredient 
in  our  problem;  the  kind  of  men  we  get  is  important,  but  we  cannot 
choose.  More  attention  must  be  given  to  this  subject  by  our  supervisors, 
which  is  new  work  to  many  of  them.  The  class  of  labor  we  have  is 
most  disheartening;  in  many  cases  no  rate  of  pay  will  hold  them  long, 
but  we  must  depend  on  a  reasonable  wage  and  good  treatment  to  hold 
the  best  of  them  and  let  the  others  go. 

W.  J.  Backes,  Engineer  Maintenance  of  Way,  New  York,  New  Haven  & 
Hartford: 

Good  camps  are  necessary  to  hold  desirable  men,  but  a  certain  pro- 
portion of  those  employed  are  drifters  and  will  not  stay  long  under  any 
conditions.  While  our  camps,  generally  speaking,  are  in  good  condition, 
they  are  not  having  an  appreciable  effect  in  holding  the  men  any  length 
of  time.  This  is  attributable  to  the  scarcitv  and  lnw  class  of  labor  we 
are  obliged  to  employ,  which  it  is  believed  would  not  remain  in  our 
employ,  or  anywhere  else,  longer  than  to  earn  a  small  amount  of  money. 
However,  of  all  the  labor  we  have  employed  recently,  amounting  to  ap- 
proximately 7000  men  since  February  1,  1917,  there  have  been  few  if 
any  complaints  about  the  housing  and  boarding  of  the  men.  In  fact,  they 
praise  our  camp  conditions. 

W.  R.  Dazuson,  Assistant  to  General  Manager,  Norfolk  &  Western: 

Men  are  better  satisfied  and  are  better  physically  fit  to  perform 
their  work,  and  remain  in  the  same  service  and  location  much  longer. 

T.  H.  Gatlin,  Assistant  to  Vice-  President,  Southern  Railway  System: 

There  is  no  doubt  whatever,  that  the  furnishing  of  good  comfortable 
camps,  plenty  of  good  food,  and  comfortable  bedding  is  one  of  the  best 
ways  of  holding  negro  labor,  which  we  have  been  able  to  do  in  spite 
of  the  competition  of  local  industries.  Furthermore,  our  method  of 
adding  to  the  laborers'  rate,  the  rate  of  his  food  and  paying  the  com- 
missary contractor,  relieves  the  negro's  mind  of  the  idea  that  a  deduc- 
tion is  being  made  from  his  pay,  the  deduction  being  a  source  of  great 
uneasiness  to  the  negro.  Every  pay  day  he  gets  liis  full  day's  wages 
clear,  which  tends  to  make  him  happy  and  contented.  As  a  specific  in- 
stance, wc  recently  moved  a  force  to  build  some  cantonment  tracks  near 
a  southern  city,  and  instead  of  losing  men  were  actually  able  to  increase 
the  size  of  the  force  by  reason  of  the  excellent  living  accommodations. 

C.  P.  Purdon,  Chief  Engineer,  St.  Louis  Southwestern: 

Tt  is  impossible  t<>  secure  or  retain  men  unless  camps  kept  in  a 
clean  and  sanitary  condition,  and  good  wholesome  Food  is  furnished.  \ 
badlv  conducted  camp  is  quickly  advertised  among  the  men  over  a  wide 
territory  and  tliey  refuse  to  ship  out  to  such  camps,  while  under  or- 
dinan  conditions  there  is  little  difficulty  in  securing  required  number  of 
men  if  camp  conditions  are  proper. 
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Question 


Railroad 


Baltimore 

& 

Ohio 


Baltimore  & 
Ohio  S.  W. 


Italian,  Rus- 
sian, Spanish, 
Greek,  Xegro, 
Native,  Hobo, 
l'i'wfr-  males  for 
crossings. 


Native  and  Xe 
gro.  A  few 
Italian,  Greek 
and  Austrian 


Housing  and 
food  provided 
Men  inquiring 
about  same. 


Housing  —  few 
preoptions  feed 
Hobo  and  Ne- 
gro. 


Cprs  and  bunk- 
houses —  dining 
cars  —  showers, 
hot  and  cold 
water. 


Camp   cars 
Hunkh  ouses 
Old     buildings 
converted. 


Steel  bunks  — 
mattresses — 
stationary  tubs 
by  Company. 


Bunks  and  tick: 
to  all.  Blankets 
to  Native  and 
Xegro  by  Com- 
pany. 


Sanitation     e  n 
forced.      Penn 
sylvania    regu- 
lar medical  ex- 
amination. 


Sanitary  Regu- 
lationsspecified 
by  Co.  Relief 
Department 


Different  me 
ods  Coma 
sary  Contr 
Stores  sell 
supplies.  F 
eigners  self-f< 


CommiasaryC 
contract,  r 
gro  requi 
grocer  cred 
Foreigners  34 
fed. 


Boston 
&  Albany 


Italian,     Greek,  60%  housing  and 
Polack,  Alban-I  feeding      sup- 


ian,      Russian, 
Xegro,  Native. 


plied. 


Old  coaches,  box 
cars  and  bunk 
houses. 


Steel  bunks, 
mattresses  and 
blankets  b  y 
Company. 


Some  connected 
to  town  sewer. 
Sanitation  en- 
forced by  In 
speetion. 


Men    self  -  fi 
Agent    at 
point  only. 


Buffalo, 

Rochester 

&  Pittsburgh 


Italian,  Russian, 
Polack,  Aus- 
trian, Swedish, 
Xegro  and  Na- 
tive. 


Housing  and 
food  for  extra 
gangs  and  hobo. 


Portable  shan- 
ties, camps  and 
cars. 


Steel  bunks, 
blankets  and 
mattresses  by 
Company. 


Conform  with 
State  Sanitary 
Regulations. 
Foremen  re- 
sponsible. 


Com  m  issa 
Agent.  ( 

tional 


Canadian 

Pacific, 

Eastern  Lines 


Any  available. 
Many  Italian, 
some  Japanese, 
few  Negro. 


Housing  for  all 
extra  gangs. 
Food  in  unset- 
tled territory. 


Old  box  cars. 
Tents  in  sum- 
mer in  some 
locations. 


Bunks  —  stoves 
by  Company. 
Other  equip- 
ment by  men 
or  contract. 


Xo  definite  San- 
itary Regula- 
tions. Gov- 
erned by  loca- 
tion or  other 
conditions. 


Sometimes 
Commissa 
contractor,  p 
ferably   left 
men. 


Central 
Railroad  of 
New  Jersey. 


Some  Native. 
Mostly  Negro, 
Italian  and 
Hungarian. 


No     camps     at 
present. 


Former       camp 
cars  obsolete. 


Former  cars 
were  well 
equipped. 


Sanitary 
rangements  pos- 
sible in  outly- 
ing districts. 


Usually  self-f( 
Formerly  Cc 
tracts. 


Cleveland, 
Cincinnati, 

Chicago 
&  St.  Louis 


Native,  Hobo, 
Negro  and 
some  Foreign- 
ers. 


Housing  and 
food  generally 
for  extra  gangs. 


Houses  for  sec- 
tion help,  camp 
cars  and  special 
buildings  for 
extra  gangs. 


Bunks  only  by 
Company, 
Commissary  or 
men  furnish 
bedding. 


No  specific  sani- 
tary r  e  g  u  1  a  - 
tions.  Men  re- 
quired to  keep 
bunks  clean. 


Generally  Co 
missary  C< 
tract  Com  pa 
feeds  some  I 
gro.  Foreigw 
self-fed. 


Delaware, 

Lackawanna 

& 

Western 


Italian,  Spanish, 
Poles,  Hun- 
garian, Negro 
and  Native. 


Housing  for  all 
but  Xative. 
Food  in  some 
cases. 


Standard  com- 
missary— Bunk 
— Cook  —  and 
Mess  cars. 


Cars  completely 
furnished  by 
Railroad  Com- 
pany. 


Cooks  and  assis- 
tants clean  all 
cars.  Fumi- 
gated each  3 
months.  In- 
spected. 


Fed  by  gene 
labor  Forem 
or  self-fed. 


Erie 
Railroad. 


Italian,  Xative, 
Mexican,  Ne- 
gro. 


75%     of     track 
labor  housed. 


Camp  trains  — 
Bunk  cars  on 
ground—  Camp 
barracks  for 
large  cities. 


Double  -  decked 
bunks  by  Com- 
pany. Bedding 
by  commissary 
or  contractor. 


Men  who  see 
that  proper 
sanitationexists 
according  t  o 
regulations. 


Company  Co; 
missary  —  I 
bor  contract 
and  self-fed. 


Grand 

Trunk 

Railway. 


Native,  Italian 


Housing  for  all. 


Principally    box 
cars. 


Bunks  —  Mat- 
tresses— stoves 
by  Railway. 


Xone. 


Self-fed     in 
cases.        Co 
furnished  by 
Company. 


Kanawha  & 
Michigan 
Railway. 


Native, 
Negro. 


part 


House  one-half-  - 
other  one-half 
live  at  home. 


Lake  Erie 

Western. 


Native,  Italian, 
Bulgarian,  Rou- 
manian, Greek 


Housing  and 
food  for  all  ex- 
tra and  some 
section  gangs. 


Box  cars  and  old 
coaches  con- 
verted. 2  per- 
manent frame 
camps. 


Wood  and  steel 
bunks.  Men 
furnish  bed- 
ding. 


Portable  privy 
Supervisor  re- 
sponsible for 
clean  camp. 


Company  pa 
cook.  Forem 
handles  food. 


Temporary 
frame  buildings 
and  cars. 


Steel  bunks  for 
all.  Furniture 
and  stoves  for 
foreigners.  Bed- 
ding for  Native, 


Men 
food, 
expenses 


provi 
Divi 
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nnually  con- 
tracted rate — 
j.leducted  from 
'iay.      Notified 

when  hired. 


'ontracted  rate 
ledueted  from 

liiay. 


11  one  place: 
Men   deal   per- 
sonal ly    with 
igent. 


Good  conditions 
keen  men  even 
in  industrial  lo- 
calities. 


Gets  and  holds 
floaters.  For- 
eigners prefer 
self-feed. 


Food  and  condi- 
tions subject  to 
Railway  Com- 
pany's inspec- 
tion. 


Inspection  of 
food  and  condi- 
tions by  fore- 
men and  offi- 
cials. 


Improving  con- 
tinually. Sta 
tionary  camps 
being  built. 


[en  pay  ?5  per  Good   board 
I  week.       Com-    holds  hoboes 
Id  a  n  y   pa  y  s 
I  Agent   5    cents 
'aer  meal  addi 

tional. 


i-oard  rates  un- 
(ler  supervision 
i  if  general  sup 
brin  tendent 
when  used. 


eft  to  commis- 
lary  and  men. 


late     fixed    by 

railroad 

thorough      con 

■  ithcom 


ITV. 


'urcliascs    from 

ill 1888  r  v 

car  ami  board 
deducted  from 
pay. 


lots   detcrmin 

('l  by  prevail 
ing  cost  charg 
led  by  week. 


I  e  t  h  o  d     o  1 

'    left    (<> 


pav        fol 
'tfl  from 

'  -,  isnr. 


System  not  en 
couraged. 


No  comment. 


Contract  better 
for  railroad 
than  own  com 
missary.  Pelf 
fed  men  simpler 
for  railroad. 


All  camps  satis- 
factorily han- 
dled. 


Commissary 
•'tilated; 
open  to  losses 
by  company 
font  i  act  best 
Italians  spif- 
fed. 


More  satisfac- 
tory for  men  to 
feed  self. 


System        h   a   B 

I    "I'll 


No  Company 
supervision  ex 
cept  on  com 
plaint. 


Officials  and 
foremen  give 
meals  close  at 
tention. 


Board  rates  un- 
der general  sup 
erintendent's 
supervision. 


Eng.  Mainte- 
nance of  Way 
had  bunk 
houses  and  con- 
ditions inspect- 
ed. 


Food  output  un 
der  contract 
supervised  by 
railroad. 


Road     masters 

check  rates  and 
food. 


1'rack  supervis- 
ors OVC] 

and  rates. 
Hates  estab- 
lished by  pre- 
vailing coste. 


■None. 


Constant  re 
painting  and 
disinfecting. 
Adding  shower 
baths. 


Old  coaches  in- 
stead of  box- 
cars. Steel 
bunks.  Insist 
on  cleanliness. 


N  o  Improve- 
ments being 
made. 


Not  to  any  ex- 
tent. 


Modern  Camps 
hold  men  even 
against  abnor- 
mal   industrial 

rates. 


Improvements 
result  favor- 
ably. 


Only  clean,  well 
fitted  camps 
hold  men. 


Men  want  clean 
camps  and  good 
food  at  fair 
rate. 


Bunk  cars  again 
being  asked  for 
due  to  high 
rent. 


Old  Pullmans 
and  coaches  be 
ing  made  into 
camp  cars. 


Test  Camp  at 
Dover,  N.  J., 
under  general 
shop  foreman 


l'wenty      n  e  w 
camps  property 

Ventll.-lt.nl.     Ten 

barrack-'.      I  >lil 
camps  rebuilt. 


More     windows 

BAd    teel  bunks 


supervi  • 
at.  camps.     No 
extortion  allow 


Mew   cars  have 

steal    bunks. 
Fewi  i  i 


Proper  accom- 
modations at- 
tract good  la- 
bor. 


Good  camps 
hold  men  but 
wages  come 
first. 


Wages    the    im 
portant  item. 


Good      camp-; 

good  advertise- 
ment. Notabrj 
Dover  camp. 


Good  meals, 
good  beds  sad 
showers  hold 
men. 


Only  way  to 
hold  men  i- 
proper  bona 
.-mil  serf-feed. 


Good    cam  ps 
h  "  1  ,1     m  !•  ii 
Foreman  given 

charge.      (  I, .oil 

result  i 


No      ell. 
ti.  .-.I 


REMARKS 


Good   general   conditions   draw 
and  hold  men. 


Prime  factors  holding  labor  (a) 
Rates,  (b)  living  conditions. 
Best  living  conditions — best 
labor. 


Wages  main  item  in  holding 
men.  Camps  don't  stop  shift- 
ing. 


Hoboes    prefer    good    food    to 
showers  and  recreation  rooms. 


Proper    accommodations     hold 
men. 


Nothing  but  good  wages  hold  the 
men  when  labor  becomes 
scarce. 


Good  camps  hold  older  men — 
all  men  seem  to  consider  wages 
first.  As  yet  no  satisfactory 
solution. 


Camp  Dover  thoroughly  mod- 
ern. Hold  men  and  get  new 
men. 


Railway  carries  all  BlippJ 
men.    be,  ice  l>o\cs,  water,  etc.. 

furnished, 


roeal    13   cents,    goo.1 

board.      Have  screens  and  clean 
camp--       \o  drinking  allowed. 


Believed  that  good  camps  would 
help  hold  labor 


168 
Eastern  Group 

ECONOMICS   OF   RAILWAY   LABOR. 
Continued                         ADDENDA  (1)  Continued 

Question 

1 

2 

3 

4 

5 

6 

Railroad 

Lon£  Island 
Railroad. 

Italian    mostly, 
some  Native. 

House  75%. 

Small  buildings 
for  cooking  and 
sleeping. 

Bunks   and 
stove. 

Provide     small 
out  houses  kept 
clean  by  men. 

Feed  men  in  rai 
instances  who 
held  over. 

Maine 
Central. 

Mostly   Native. 

One  -  third    t  o 
one  -  half    pro- 
vided housing. 

Old      passenger 
cars  rebuilt. 

Bunks  —  ticks, 
heavy  blankets 
furniture, 
stoves,       food, 
lockers     and 
dishesby  Com- 
pany. 

Bury  refuse. 

Foreman     bu\ 
foods,  cost  d 
vided. 

New  York 
Central 

Native,     South 
European   For- 
eigners,   Negro 
lately. 

House  nearly  all. 

Formerly     cars 
only.  Now  also 
one-story  frame 
houses. 

Double-  deck 
steel  bunksnow. 
Mattress      and 
some  blankets. 

Bury     garbage. 
Lime    used    in 
closet  vaults. 

White  men  boar 
themsel  vei 
Foreigners  an 
Negro    fed   h 
foremen    undi 
Company     s 
pervision. 

New  York, 
New  Haven 
&  Hartford. 

White  —  mostly 
Irish.        Many 
Negroes. 

Housing  for  all. 

Permanent 
camps,  tempo- 
rary camps  and 
cars. 

Bunks,  some  of 
steel.    Mattres- 
ses,   blankets. 

Camps       disin- 
fected.      Bed- 
ding  washed. 
Difficulttokeep 
campssanitary. 

Commissary  d 
partment  fee( 
men.       Dinii 
rooms,      son ' 
with     concre 
floors. 

New  York, 

Ontario 
&  Western. 

Native  and  Ital- 
ian. 

75%  housed  and 
fed. 

Box  cars  —  Win- 
dows cut  in. 

Steel   bunks  by 
Company.  Bed- 
ding by  men. 

Portable  toilets. 
No  other  sani- 
tary    arrange- 
ments. 

Men  self-fed. 

Norfolk 

& 
Western. 

Native.  Mostly 
Negroes. 

Housing  for  all. 

Camp   cars, 
shanties,  dwell- 
ings. 

Bunks  and  wash 
basins   and 
coolers. 

Barrels    for 
dumping  refuse. 
Closets. 

Boarding      co 
tractor. 

Pennsylvania 

Lires 

(Southwest 

System) 

Nearly    all    na- 
tions,      Negro 
and  Native. 

Housing     when 
required.    Fed 
by  Company. 

Portable    frame 

houses,   having 
wash,  laundry, 
d  or  mi  tories, 
dining  and  rec- 
reation rooms. 

Men       assigned 
steel  beds,  mat- 
tress,  blankets 
and       pillows, 
when  hired. 

Dormitories 
scrubbed     and 
sprayed  weekly 
Formal  regula- 
tion  inspection 
by      Company 
doctor.  Men  too 

Company    fee 
men  at  cost. 

Pere 

Marquette 

Native,      when 
possible.     For- 
eigners    other- 
wise. 

House     foreign- 
ers. 

Bunk  cars,   kit- 
chen cars,  etc. 

Wooden     bunks 
and  stoves  by 
Company. 

Division  officers 
responsible   for 
sanitation. 

Men    self  -  fe 
Cars  for  eoc 
ing  furnisher 

Philadelphia 

& 

Reading 

Negroes  from 
Georgia. 

Housed  and  fed. 

Frame     houses, 
papered       and 
electric  lighted. 

Double    decked 
iron    beds — felt 
mattress     and 
coverings      by 
Company. 

Frame    privies, 
shower    baths, 
stationary 
wash       bowls, 
etc. 

Company    coi 
missary     f  i 
feeding  or  m 
fed. 

Western  Group 

Chicago, 

Burlington 

& 

Quincy. 

Native  when  ob- 
tainable, Mexi- 
can, Negro  and 
Foreigners. 

Cars    for    extra 
gangs.  Feed  all 
but  section 
forces. 

Bunk  cars,  2  or  3 
bunk  house 
camps. 

Wood    or    steel 
bunks  by  Com- 
pany.  Mattres- 
ses in  d  bedding 
by      Commis- 
sary. 

Commissary 
Company      re- 
sponsible to  lo- 
cal officials  for 
sanitation      o  f 
camps. 

Comm  issa' 
Company  fee 
men.    Few  N 
gro  camps  » 
fed  on  comn 
nity  plan. 

2  "ff 

Use  all  classes. 

House  Negroes, 
hobo   and   for- 
eigners.     Feed 
onlylargegangs. 

Bunk  cars  when 
necessary      t  o 
house. 

12   wood    bunks 
to  cars.      Bed- 
ding by  men  or 
contract. 

Track    foremen 
police       camps 
every    2    days 
for  sanitation. 

Negro  and  ho 
by       contra 
Foreigners  u 
ally  self-fed. 

« 
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ompany    pays 
or  these  meals. 


ieducted  from 
.vages  company 
jays  excess  of 
50  cents  per  day 
jer  man. 


igna!  men  pay 
?ach  month. 
Brakemen 
>ach  month. 
Italian  and  Ne- 
;ro  hoard  de- 
Lucted. 


■i'ihthI  mana- 
ger sets  rate. 
Deducted  from 

pay. 


wo  rates,  dif- 
erent  grades  of 
bod.  Board 
ieducted  from 
jay. 


Ieducted  from 
>ay.  Cost  price 
rharged. 


■  ii  charges  for 
•ars. 


[«■  iillnwed  60 
onts   pel    day 

|itra  if  self-fed 


Method  used 
with  white  men 
is  best.  Negro 
and  Italian  do 
not  stay. 


Helps  hold  men. 
Outside  feeding 
found  un.satis 
factory. 


Unwise  to  have 
contract  com- 
missary. Dis 
satisfaction. 


Most     satisfact- 
ory      system 
Not    much 
trouble  to  rail 
road. 


Men  are  well  fed 
and  kept.  Best 
system . 


Negro  and  hobo 
beat  to  feed. 
Foreign  better 
self-fed. 


Men  all  company 
fed  and  wel 
ted.     No  com 

plaints. 


Rates  kept  uni- 
form. Com- 
plaints investi- 


Superintendent 
has  charge. 
Works  well. 
Men  well  fed. 
Rates  held  to 
cost. 


Charged  $4  a 
week.  After  4 
weeks  $3.50,  at 
loss  to  com 
pany.  Superin 
tendent  of  dm 
ing  cars  in 
charge. 


No  supervision. 


Division  oflici 
als  visit  vari 
ous  gangs  to 
oversee  condi- 
tions. 


Wholesale   price 
is  charge  made. 


None. 


Bay  and  rate  for 
board  fixed  be 
Cote  bind.    No 

trouble. 


10 


None. 


None. 


Improving 
steadily 
Coaches    used 
houses       built 
sanitation    giv 


en. 


Bermanent 
camps       being 
built.  Showers, 
toilets,   etc 
Concrete  floor. 


No    remodeling 
at  present. 


Cars  have  been 
rebuilt  and  re- 
modeled. 


Camps  ke  p  t 
thoroughly  up 
to-date. 


Cars     kept     in 
good  condition. 


No  change  or  re- 
quired changes 


Better  condi- 
tions help.  Fay 
main  item. 


Good  camps  will 
not  hold  men 
long  of  type 
used,  though 
camps  please. 


Men  better  tit 
physically  and 
mentally  i  f 
properly  fed. 


Gets  and  holds 
men. 


Good  wcathcr- 
tight  cars  re- 
quired to  hold 
men. 


Not  enough  ex- 
perience for 
opinion. 


REMARKS 


No  doubt  interest  shown  in  men 
is  reflected  in  work.  Also  holds 
them. 


Extra  gang  men  have  roving  ten- 
dency. Good  living  conditions 
important.  More  thought,  care 
and  attention  needed  on  this 
problem. 


Bathing  facilities  required  to 
prevent  vermin.  Bug  squad  for 
this.     Men  are  well  fed. 


Men  will  not  live  in  cars  under 
present  war  conditions. 


Some  men  will  not  stay  under  the 
best  conditions. 


Men  leave  for  industriee  close  at 
hand  when  they  learn  of  higher 

pay. 


nt     In; 
■  '.in 
ml  corn 
niasnry. 


U  limn 
wage*. 

i 


Commissary 
plan  causes  less 

Friction         than 

e  'I  in  in  unit  y 
plan. 


Few    g  a  a |  l 

ly  handled    No 
aatage 
noted. 


Road  d 
must 

a  p  d 
make  repoi  1 1 
frequently. 


sudoi 
d .     No 
trouble, 


Steel    bunks   re- 
wood 

:i  D  '1 
more  u  indows. 


No  chant 
templates!     i  n 

Croviding      la 
or. 


General  opinion 

that  good 
camps   hold 

maa.  Not  so 
effectively  just 
son . 


(  i  ood  •  11  111  p 
holds  men  but 
wages  is  lust 
item, 
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Question 


Railroad 


Chicago, 
Milwaukee 

& 
St.  Paul. 


Native  when 
possible,  Ital- 
ian, Greek, 
Bulgarian,  Rou- 
manian, Arme- 
nian, Negro. 


Houseforeignors. 
Negro,  hobo. 
Hobo  company 
fed.  Others, 
self-fed. 


Dwellings,  bunk 
houses,  cars, 
permanent 
camps. 


Wood  or  steel 
bunks  and  stove 
Bedding  by 
contractor 
men. 


Pits   for   refuse. 

Water  cars. 
Kept  in  clean, 
suitable  loca- 
tions. 


St.    Paul 
panyfeed 
gangs, 
self-fed. 


Chicago, 

Rock  Island 

& 

Pacific 


All  kinds, 
Negro,  Mexi- 
can, Hobo,  for- 
eigners. 


Housing   for  all 
but  Natives. 


Section  houses, 
cars,  bunk 
houses,  1  camp 


Wood  and  metal 
bunks  by  Com- 
pany. Beddiag 
by  J.  8.  (irier 
Company. 


Monthly  camp 
inspection  b  y 
Company  sur- 
geons of  all 
housing. 


Contract  wr  I 
S.  Grier  I 
board. 


Duluth, 

South  Shore 

& 

Atlantic. 


Native. 


House  and  feed 
extra  gangs. 


Cars  —  office, 
lounging,  sleep- 
ing, dining. 


Stoves  —  double 
deck  wood 
bunks,  pillows 
blankets  and 
cooking  uten 
sils. 


All  refuse  burnt 
or  buried.  Port- 
able latrines 
Wire  screens 
furnished. 


Contract 
food.  Con 
pays  cool 
Bridge 
building 
communil 


Elgin, 
Joliet  & 
Eastern. 


Native  obtain 
able.  Mostly 
Italian.  Some 
other  Foreign- 
ers. 


Housing, 
food. 


No 


Bunk  cars — old 
box  cars.  Car 
for  foreman  and 
timekeeper. 


Steel  bunks  and 
one  stove. 


Portable  toilets. 
No  other  sani- 
tary improve- 
ments. 


All  men  sel 
through  ai 
in  Chicago 


Great 
Northern. 


Native,  Italian 
Greek,  Turk 
Austrian,  Bui 
garian,  Mace- 
donian, Mexi- 
can, Japanese, 
Chinese, Hindu, 
Russian,  few 
Negro. 


All  but  Natives 
housed.  Na- 
tives fed  by 
contract. 


Box  cars  conver- 
ted to  sleeping, 
dining,  office. 


Men      furnished 
bedding. 


Cars  sprayed 
monthly  with 
antiseptic. 


Illinois 
Central. 


South  of  Ohio 
River  85%  Ne- 
gro, 15%  Na- 
tive. North  of 
Ohio  River, 
Italian,  Greek, 
Negro,  Native 
and  Hobo. 


Housing  for  allf 
Few  recent 
Company  com- 
missaries. 


Cars.  Some 

temporary 
buildings. 


Bunki»  (steel) 
some  mattres 
ses. 


Bedding  aired 
twice  a  week 
Toilets.  In 

spection  by  sup 
ervisor  regula 
tions. 


Foreigners 
fed.  Na 
fed  by  con 
or  Com| 
Commissa 


Foremen 
care  of  f< 


Northern 
Pacific. 


Mostly     Italian 
and  Greeks. 


Housed. 


Bunk  Cars. 


Wood  bunks. 
No  bedding  by 
Company. 


Careful  with 
drinking  water. 
No  other  regu- 
lations. 


Self-fed. 


Minneapolis 

& 

St.  Louis. 


Native  Greek, 
Italian,  Mexi- 
can, Hobo. 


Housing  for  all 


Box  cars. 


Bunks.  Bedding 
contract  or  by 
men. 


Sanitary  regula- 
tions limited 


Native  and  I 
b  y  com 
Foreigner! 
fed. 


Missouri 
Pacific. 


Native  for  sec- 
tions, Negro  for 
south,  Italian 
and  others  for 
north. 


Housing  for  sec 
tions.  House 
and  food  lor  all 
others. 


Dwellings  f  o  r 
sections.  Cars 
for  moving 
gangs. 


No  bunks  or 
bedding  furn 
ished  regular 
sections.  Extra 
gangs  bunks. 


Division  Super 
intendent  re 
sponsible  for 
sanitary  regu- 
lations. 


Contra< 
feed. 


St.  Louis- 
San  Francisco. 


Prefer  Native. 
Must  use  Negro 
and  foreigners. 


House  and  feed 
all  extra  and 
construction 
gangs. 


Outfit  cars,  tents 
and  temporary 
frame  struc- 
tures. 


Steel  bunks  and 
bedding  by 
board  contrac- 
tor. 


Up  to  board  con- 
tractor. Inspec- 
tion made  by 
railroad.  Care- 
ful selection  of 
camp  site. 


Contracte 
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ADDENDA  (1)  Continued 


REMARKS 


jntracted  rate 
educted  from 
.•ages  weekly 
>r  food  and 
*id. 


Foreigners  will 
not  work  if 
company  fed. 
This  relieves 
company  con- 
tract, also  re- 
lieves company 


Rates  contract- 
ed. Food  su 
pervised.  This 
is  necessary. 


Much  attention 
is  now  given 
living  condi- 
tions of  labor. 


Transients  con 
sider  maximum 
wages  and  min- 
imum work. 
Permanent 
men,  living. 


All  men  demand  reasonable  liv- 
ing conditions.  After  this  point 
is  reached  work  reflects  no  fur- 
ther improvement. 


iate  determin- 
d  by  pay  and 
|oet  of  food 
'upplies  at  pres 
jnt  $4.50. 


System  very  ad- 
vantageous to 
railroad  com- 
pany. No  dis- 
advantage. 


Surgeons  also  in 
spect   food 
R  o  a  d  m  a  s  ter 
also   makes  in 
spection. 


Not  much  im 
provement  has 
been  made. 


Good  clean,  well 
managed  camp 
holds  best  la- 
bor. Money 
well  spent  by 
railroad. 


Well  kept  men  attract  other  good 
men.  Good  tools  secure  good 
labor. 


•orate  system 
sed.  Average 
0  cents  per 
neal.  Deduct 
Id  from  wages 


Community  fed 
least  trouble  for 
company.  More 
economical. 


Company  checks 
contract  system 
and  condition 
of  cars.  No  ac 
counts  taken  of 
community 
plan. 


Trying  to  keepj 
down  cost  of 
board  rather 
than     raise 


Good  food,  clean 
camp  and  intel- 
ligent foreman 
hold  men. 


Men  prefer  clean,  good  food  at 
low  rate  to  fancy  food  at  high 
rate. 


p  to  men . 


Self  -  fed  men 
most  advan- 
tageous to  com 
pany. 


None. 


None. 


No    improve- 
ments made. 


None. 


late  contract. 
{ate  depends 
n  wage.  $2  per 
lay,  $5  per 
i-eek  board 


Most  satisfac- 
tory to  have 
self-fed  men. 


Company  re- 
serves right  to 
inspect  kit  and 
food. 


No    recent 
changes. 


Best  camps  at- 
tract labor. 


Good  beds  and  food  offset  low 
wages,  even  in  face  of  high 
wage. 


•lolled  bvrail-  Small  gang  fore 
1      I.- - r 1:«. 


oad.  Foremen 
leduct  from 
iages  —  limit 
f>%  of  wage. 


men  feeding 

best.  Large 

gangs  contract 
feed 


Supervisors 
check  foremen. 
I'.nsinoer  Main- 
tenance of  Way 
contracts  rate 
with  commis 
sary. 


All  cars  are  be- 
ing improved. 


Good  feed,  sood 
beds  and  camps 
hold  men. 


Special  cninps  built  in  Wild- 
wood,  111.  Electric  lights, 
water,  etc. 


Self-fed   system 
satisfactory 


No    boarding 
outfits. 


No  general  work 
being  done. 


ate  determin- 
d  by  general 
n  a  n  a  g  e  r 
hrough  inn 
root.  I  )oduct- 
d  from  pay. 


No    advantages 
lit Ini  my. 


Track     superin- 
te  ndon  t  in 
spects  food. 


No     recent 
changes. 


Better  nam,  bet- 
ter work. 


I  let  on 
ti  ti  vi< 

>h1k.  1  leductcd 

rom  pay. 


No  trouble  eith 
er  way. 


Division    supor 
intendent  over 

nris    food    nmi 

tions. 


All    suggestions  No    doubt    but 

Improve-   that  nx.,!  mn 

given   ditiona  Krt  and 

Uat     improve-   hold  labor. 

mentaoonatant- 

ly  going  on. 


e  agri-nd  h\ 

motor    de 

oted       from 


ystom 
Contractor 
ket>ps      oampa 

full. 


*y. 


InspiM-tml        1 1  y 

railroad     offit 

oohanga 

of  rata  k  Ithout 

railroad 
thority. 


No    c  ha  ngos. 

('.   K. 


No    liquor    nllowed.    Contract 
furnished   labot    in  n-turn  for 

profil  on  fixnl  for  men. 


(  JikmI  rumps  nee 

Man 
will    advertlm 

DOOt  I'M  llipH. 


Our  system  l>o«t  for  railroad.  No 
manlpulationa  by  foremen. 
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Question 


Railroad 


■Southern 
Pacific. 


Native,  Italian, 
Greek,  Aus- 
trian, Japanese, 
Chinese,  Mexi- 
ican. 


House  all.  Feed 
Cauc  asians 
only. 


Cars  and  camps 


Bunks  by  com- 
pany. Bedding 
by  men. 


Sanitation  as  per 
State  Housing 
Commission. 


Contract. 


Salt 
Lake 
Route. 


All  Mexican,  ex- 
cept few  Ameri- 
cans. 


House    all     for- 
eigners. 


Frame  and  con- 
crete dwellings 
for  section. 
Tents  and  cars 
for  moving 
gangs. 


Bunks. 


Permanent 
camps  and 
dwellings  have 
pipe  lines,  con- 
crete cisterns. 
Water  cars. 


2   stores  furnl 
supph' 

o  na  b 1 e  f r  ' 
transportatu 


Southern  Group 


[  Central 

of 
[  Georgia. 


Nearly    all    Ne 
groes. 


On  extra  and 
bridge  gar 
house  and  feed 
all. 


Camp  cars. 


Wood  or  steel 
bunks  and 
mattresses  by 
Company. 


Portable  toilets, 
lime  for  disin- 
fecting same. 
Barrels  for  re- 
fuse.  Camp 
kept  clean. 


Foreman 

chaw  of  be 


i  Louisville 

& 
Nashville. 


Native     white 
and  Negro. 


Housing  for 
nearly  all. 


Good  house  for 
foreman 
Houses  and  cars 
for  labor. 


Bunks.  Men  pro 
vide  bedding. 


Privies  built  at 
section  houses. 
None  with 
gangs. 


Foremen    f 

men.       Se< 
men  self-fe 


Nashville 
Chattanooga 

& 
[  St.  Louis. 


Negro  and  Na- 
tive Anglo-Sax- 
on. 


House  normal 
gang.  Pay  fore- 
m  e  n  rent. 
Board  nearly 
all. 


Old  box  cars 
Section  houses 
specially  built. 


Wooden  and  steel 
bunks. 


Sanitary  closets. 
Concrete  cap- 
ped wells  with 
pumps.  Refuse 
buried.  Cars 
screened. 


Company 
men.    Chi 
actual  cos 
cook's  wa 


Norfolk 
Southern. 


Negroes. 


All  extra  gangs 


Cars. 


Bunks  by  Com 
pany.  Bedding 
by  men. 


Trenches  for  re- 
fuse. Privies 
shifted  when 
required. 


Contract. 


Seaboard 
Air 
Line. 


95%  Negro,  5% 
Native. 


Section  men 
housed.  Extra 
gangs  in  cars 


Cars  and 
coaches,  frame 
houses. 


Beds  and  bed- 
ding by  men. 
Fxtra  gangs 
furnished 
bunks. 


No  regulation. 


Bridge  &  Bi  I 
ing,  self-feiP 
Others    < 
tract  fed. 


Virginian 
Railway. 


Native,    Negro, 
Italians. 


Housing  for  all, 


Shanties.  Fore- 
man, houses 
Camp  cars. 


Sanitary  bunks 
No  bedding  or 
cooking  utcn 
si  Is. 


No  sanitary 
regulations. 


By  c  on  tr I 
Self-feedinjl 


Southern 
Railway. 


Native,  Negro. 
Arranging  for 
Porto  Ricans. 


Dwellings  for 
section  men. 
Extra  gangs  in 
camp  cars. 


Extra  gangs  in 
camp  oars . 
Section  labor  in 
Ejection  houses. 


Extra  gangs  furn- 
ishedbunUsand 
bedding. 


Commissary  in- 
spects and  dis- 
infects, cleans 
and  ventilates 


Extra  ga 
contract. 


Atlantic 

Coast 
Line. 


Housed. 


Shanty  cars. 


Steel  bunks  by 
Company,  bed- 
ding by  men 


Richmond 

I'  ic-ik-ricksburg 

& 

Potomac. 


Two-thirds  Ne- 
gro, one-third 
White. 


I  Inii.-ii'  all. 


Bunk  houses  am  I 
cars,  nid  sleep- 
ers. 


Steel  hunks, 
bedding.stores, 
etc.,  by  Com- 
pany. 


Toilets  —  with 
water,  sewer 
when  possible. 
Foreman  held 
forsanitarycon- 
ditions. 


Company    I 

men  food  f 
plies,  cook  *■ 
ished  by  (  o- 
pany. 
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!  agreed  on 
railroad  and 
tractor. 


road     com- 
fy supervises 


Greater  econo 
omy  by  con 
tracting  system 


Contracts  term- 
inate on  short 
notice.  This  in- 
sures quality 
and  quantity  of 
food. 


Railroad   super- 
vises rates. 


No  change. 


None. 


Good     camps, 
low  board  hold 


Believe  in  good 
camps. 


REMARKS 


prorated 
long  gang 
ducted  from 
?ee. 


Iroad  limits 
Deduct 
m  wages. 


rd  rate  fixed 
years  ago. 
ducted  from 
I.  No  charge 
rainy  days. 


e  and  food 
1 1 1  c  d  by 
•eement  with 
itractor. 


« is  prorated 
deducted 
m  pay. 


litract  prico 
paid  by  com- 
ny. 


d  o- 
I  r  o  in 


Smooth  running 
system.  Super- 
vision required 
to  prevent 
abuses. 


Self  -  fed  men 
better  for  com 
pany. 


Keeps  men  bet- 
ter fed  and  sat- 
isfied than  con- 
tract or  fore- 
man fed. 


Formerly  com- 
pany fed  men. 
Present  system 
better. 


For  extra  gangs 
prefer  contrac 
tor. 


Exercise  no  su- 
pervision while 
men  are  satis- 
fied. 


Contract  system 
best  for  large 
floating  gangs. 


I'Iuh  given   mi ib 

Q  l  e  d  i 

wise    not    ob 
tataed. 


Occasional  in- 
spection made 
of  food  and  rate. 
At  present  30 
cents  to  4" 
cents  per  day. 


Track  superin 
tendents  over 
see  quality  and 
q  uantity  of 
food. 


Rate  computed 
several  years 
ago,  not  raised. 
Men  well  fed. 


Rates  and  food 
subject  to  rai 
road  company's 
inspection. 


Foremen  watch 
food.  Works 
well.  Rates  set 
by  contractor 


Feeding  inspect- 
ed by  officials 
who  make  reg- 
ular report. 


( '<>n>i>:i!iy  guards 

II  nil      1 

high  prion, 


No  changes  re- 
cently made  or 
contemplated 


In  few  exception- 
al cases  railroad 
company  has 
fed  men. 


Putting  in  steel 
bunks  and  sani- 
tary closets. 


Cars  well  equip- 
ped. Commis- 
sary for  cloth- 
ing and  supplies 
on  cars. 


No  recent 
changes.  Much 
room  for  im- 
provement. 


All  cars  have 
been  rebuilt. 
Some  now  cars. 


Plans  being  pre- 
pared for  re- 
modeling cars. 


Remo  d  e  I  i  n  i' 
bunk  li 


Clean  and  well 
kept  camps  un- 
doubtedly nelp 
nold  men. 


Large  camps  will 
not  hold  Negro 
labor.  Prefer 
crowding. 


Have  loyal,  well 
fed  men.  Gangs 
always  full 
strength. 


Good  results  ob- 
tained. 


Negro  labor  re- 
quire water- 
proof car  kept 
warm  in  winter. 


( iood  oamps  will 
h  0  I  <1  men. 
Model  eump 
now  used. 


Good   lamps 

Imld  men. 


Not  much  information  obtain- 
able for  comparison  with  Negro 
labor.    Negro  not  so  particular. 


With  white  men  better  condi- 
tions help. 


Recently  due  to  competition  by 
industry  have  had  some  trouble 
holding  men. 


Division  engineers  and  road  mas- 
ters required  to  inspect  camps 
frequently. 


No    trouble    holding    labor    in 
model  eamp. 


Men    say     they    appreriate     im- 
provements   and    remain    with 
my     in     (aee     of      higher 
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ADDITIONAL  COMMENTS. 

The  following  additional  comments  bear  on  the  general  subject  of 
Housing  and  Feeding  Laborers : 

E.  G.  Lane,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio,  Western 

Lines: 

The  prime  factors  in  securing  labor  necessary  for  track  maintenance 
are  (a)  the  rate  paid  and  (b)  living  conditions.  The  improvement  of 
either  condi'tion  tends  to  add  to  the  available  labor.  The  improvement 
of  the  latter  has  a  definite  effect  in  holding  labor  which  has  been  ex- 
tremely nomadic  in  its  tendencies  for  the  past  eighteen  months,  for  the 
two  reasons  cited.  We  continually  impress  upon  all  'concerned  in  the 
maintenance  of  way  department  the  necessity  of  providing  accommoda- 
tions with  the  necessary  conveniences  so  that  reasonably  proper  living 
conditions  will  result,  that  meals  will  be  provided,  where  commissary 
companies  arc  employed,  with  regularity,  and  that  sleeping  quarters  will 
be  kept  in  a  sanitary  condition  so  as  to  insure  men  securing  proper  rest. 
Where  this  accomplishment  has  been  best  effected,  labor  conditions  are 
most  satisfactory,  although  at  no  point  at  the  present  time,  except  a 
few,  have  we  sufficient  labor. 

F.  B.  Freeman,  Chief  Engineer,  Boston  &  Albany: 

The  camps  do  not  seem  to  stop  the  constant  shifting  of  men.  The 
railroad  paying  the  lowest  rate  of  wages  for  labor  only  get  the  poorest, 
who  will  not  stick  long  on  any  job. 

E.  F.  Robinson,  General  Manager  and  Chief  Engineer,  Buffalo,  Rochester 
&  Pittsburgh: 

It  is  our  opinion  that  good,  clean  camps  and  surroundings,  with  good 
board  at  a  nominal  rate,  are  more  attractive  to  men  of  this  class  than 
shower  baths,  recreation  rooms,  etc. 

H.  G.  Clark,  Assistant  to  Vice-President,  Chicago,  Rock  Island  &  Pacific: 
The  railways  would  be  well  warranted  in  spending  considerable 
money  in  the  improvement  of  boarding  facilities  for  extra  gangs  and 
section  labor.  A  well-housed,  well-fed  extra  gang  will  not  only  be  kept 
filled  up,  but  will  always  attract  the  best  men,  and  such  men  will  un- 
doubtedly do  considerably  more  work.  Good  tools  and  good  boarding 
facilities  are  the  best  means  of  obtaining  an  ample  supply  of  labor,  and 
railroads  that  do  not  give  this  such  attention  are  not  securing  an  ade- 
quate supply.  The  difficulty  with  large  western  railroads  is  that  their 
work  is  scattered  over  such  a  large  territory  that  permanent  camps  are, 
generally  speaking,  impracticable.  Such  roads  must,  therefore,  depend 
upon  the  use  of  bunk  cars  which,  when  properly  equipped  and  kept 
sanitary,  with  good  feed,  will  attract  labor  to  same. 

E.  A.  Hadley,  Chief  Engineer,  Missouri  Pacific: 

No  deduction  is  made  from  the  laborer's  wage  for  securing  work, 
nor  is  any  bonus  paid  to  the  contractor  for  the  securing  of  laborers,  his 
entire  profit  coming  from  the  boarding  of  the  men.  Transportation  is 
furnished  to  the  contractor  wherever  consistent  with  legal  obligations, 
and  he  is  required  to  place  a  man  in  charge  of  each  shipment  of  labor- 
ers, to  see  that  they  go  through  to  their  destination.  The  contractor  is 
required  to  pay  freight  and  express  at  tariff  rates,_  on  all  shipments  of 
commissary  goods,  and  he  is  also  required  to  reimburse  the  railroad 
under   current   M.   C.   B.   rules   for   all   damage   to   the  outfit   cars.     In 
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placing  these  cars  on  spur  tracks,  kitchen,  dining  and  other  cars  are 
spaced  at  least  30  ft.  from  the  bunk  cars.  Under  the  terms  of  the 
contract  the  contractor  is  not  allowed  to  dispose  of  any  intoxicating 
liquors  at  any  of  the  camps. 

E.  D.  Levy,  Vice-President  and  General  Manager,  St.  Louis-San  Fran- 
cisco : 
Opposed  to  the  practice  of  gang  foreman  boarding  the  men  or  run- 
ning commissaries  as  it  is  an  invitation  to  manipulate  them.  By  having 
this  feature  taken  care  of  by  an  outside  concern  the  railway  representa- 
tive and  the  boarding  company  representative  check-  against  each  other. 


Addenda    (3). 

A  MODERN  CAMP  ON  THE  BALTIMORE  &  OHIO. 

By  Earl  Stimson, 
Engineer  Maintenance  of  Way,  Baltimore  &  Ohio. 

A  stationary  boarding  camp  has  recently  been  constructed  at  Eol- 
som,  Pa.,  which  is  typical  of  our  modern  camp  construction.  It  con- 
sists of  two  bunk  houses,  a  boarding  house,  two  toilet  rooms  and  a 
shower  bath.  The  bunk  houses  are  each  20  ft.  by  60  ft.,  one  being  used 
for  colored  and  the  other  for  white  laborers.  A  small  room  18  ft.  by 
18  ft.  is  partitioned  off  in  the  white  bunk  house  for  the  use  of  the  foremen. 
Twenty-four  double  deck  steel  beds  are  used  in  each  bunk  house,  thereby 
accommodating  a  total  of  96  men,  including  foremen.  Windows  and 
doors  are  well  screened.  Combination  felt  and  straw  mattresses  are  used, 
the  blankets  being  furnished  by  the  commissary  company.  The  boarding 
house  is  60  ft.  by  20  ft.,  the  front  of  which  is  used  by  the  commissary 
company  as  a  store  where  the  men  may  buy  tobacco,  underwear,  shoes, 
clothing,  etc.  In  accordance  with  the  contract  with  the  commissary  com- 
pany, the  prices  charged  for  these  articles  are  in  accordance  with  pre- 
vailing prices  in  that  vicinity. 

The  dining  room  is  in  the  middle  of  the  building  and  is  30  ft.  long. 
Two  long  wooden  tables  (one  used  by  white  men  and  the  other  by  col- 
ored), at  each  side  of  the  room  with  wooden  benches,  comprise  the 
furniture.  The  tables  are  covered  with  white  oil  cloth,  the  food  is  served 
on  the  table  in  large  platters  or  porcelain  pans  and  the  men  help  them- 
selves. Two  meals  are  served  each  week  day  by  the  commissary  com- 
pany and  the  men  are  furnished  with  lunches,  which  are  carried  with  them 
on  the  work.    Three  meals  are  served  on  Sunday. 

The  kitchen  (13  ft.  by  20  ft.)  is  in  the  rear  of  the  dining  room 
and  is  equipped  with  running  water  furnished  by  the  railroad.  In  the  rear 
of  the  kitchen  is  a  small  lean-to  11  ft.  by  12  ft.  used  as  a  bunk  house 
for  the  cook.  An  ice  box  and  small  slatted  box  are  built  on  the  side  of 
the  building  next  to  the  kitchen  to  keep  perishable  vegetables. 

About  30  ft.  in  the  rear  of  the  bunk  houses  is  a  wooden  wash  table 
provided  with  tin  wash  basins.  A  double  water  faucet  at  each  end  fur- 
nishes the  water.  A  shower  bath  is  provided  which  consists  of  a  small 
enclosure  boarded  with  a  water  spigot  about  8  ft.  above  the  floor.  At- 
tached to  this  spigot  is  a  bucket  with  a  perforated  bottom  which  furnishes 
the  shower.     This  is  very  popular  with  the  men  and  is  much  used. 

A  pit  toilet  divided  into  two  parts  (one  for  white  and  one  for  col- 
ored men),  with  housing  is  located  about  60  ft.  in  the  rear  of  the  bunk 
houses.     A  separate  toilet  is  also  provided  for  the  commissary  employes. 
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COMPANY   OPERATED   BOARDING   CAMPS   ON   THE  NEW 

HAVEN. 

By  W.  J.  Backes, 
Engineer  Maintenance  of  Way,  New  York,  New  Haven  &  Hartford. 

None  of  our  new  permanent  camps  have  yet  been  entirely  completed 
and  sanitary  regulations,  therefore,  could  not  well  be  enforced,  so  far 
as  laborers  are  concerned.  Complete  freedom  from  vermin  can  be  ob- 
tained only  where  men  take  care  of  their  own  persons,  and  this  cannot 
well  be  done  without  bathing  facilities  and  privacy.  With  proper  facili- 
ties and  accommodations  and  a  desire  on  the  part  of  the  laborers  to  keep 
clean,  very  little  trouble  should  be  experienced  with  vermin,  or  spread 
of  disease.  So  far  we  have  had  no  trouble  except  with  bedbugs  at  a  few 
points  where  old  cars  are  used,  and  there  is  a  bug  squad  to  cover  such 
points. 

The  class  of  men  employed  are  fed  better  than  they  were  at  boarding 
houses  and  in  their  own  homes  before  they  were  employed  by  this  com- 
pany, and  we  believe  that  if  it  were  not  for  the  great  scarcity  of  labor 
which  makes  it  necessary  to  employ  everything  that  comes  along,  our 
camp  conditions,  as  they  are  now  maintained,  would  be  a  special  induce- 
ment for  the  ordinary  laboring  man  to  remain  with  us.  The  cost  of  food 
per  meal  for  the  month  of  April,  1917,  at  some  of  the  camps  was  as  fol- 
lows : 

New   Haven    19.3  cts. 

Derby  Junction    16.8    " 

Putnam 17.0    " 

Waterbury     25.2    " 

South   Norwalk   18.0   " 

Midway    14.7    " 

Plainville    22.2    " 

East  Hartford    17.2    " 

Maybrook    22.4    " 

During  March  and  April  the  average  cost  of  food  at  all  camps  was 
18.5  cents  per  meal.  The  cost  varied  at  different  camps  from  14.7  to  25 
cents,  owing  to  irregular  feeding  at  some  camps  and  a  very  small  num- 
ber of  men  at  others.  The  total  cost  per  meal,  including  labor,  janitor  to 
look  after  sleeping  accommodations,  fuel,  ice,  washing  of  blankets,  etc., 
was  about  27  cents. 

At  Harlem  River,  N.  Y.,  the  food  furnished  to  214  men  on  the 
transfer  tugs  and  the  cost  for  food  and  labor  in  buying  and  delivering 
to  boats  for  the  month  of  May  was  61  cents  per  man  per  day.  The 
laborers  are  fed  bacon  and  eggs,  baked  beans  and  frankfurters,  bread  and 
butter  and  coffee  for  breakfast.  At  some  camps  lunches  are  put  up  con- 
sisting of  three  or  four  sandwiches,  bam,  roast  and  corned  beef.  Din- 
ners consist  of  roasted  meats;  pork,  beef,  veal  stew  and  vegetables,  with 
bread  and  butter  and  coffee;  fish  is  usually  provided  on  Friday.  Of 
these  various  kinds  of  meats  the  men  consume  about  1'..  lbs.  each  per 
day.    They  are' nol  restricted  as  to  quantity,  and  .  d  all  they  wish. 

The  Dumber  Of  employes  fluctuates  constantly.     It  lias  been  noted  that 
new  men  arriving  eat  more  the  first  few  days     Only  one  kind  of  meat 
ked    !"i    each  meal   and  it  is  served   on   an   individual   plate,  bu: 

ond  portions  are  served  as  requested.    As  it  is  perhaps  generally  under- 
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stood  when  men  subsist  themselves,  they  will  get  along  with  cheaper 
grades  of  food  than  they  expect  to  be  furnished  by  the  railroad  company. 

With  the  number  of  men  at  all  camps  fluctuating  from  full  capacity 
to  25  per  cent,  of  capacity,  there  is  of  course  waste  of  food  and  also  the 
cost  of  cooks  and  waiters  is  high.  A  camp  feeding  30  men  regularly 
could  be  taken  care  of  by  two  men;  a  camp  of  60  people  by  three  men 
and  of  100  people  by  four  men,  and  these  men  could  look  after  sleeping 
accommodations  as  well  as  feeding. 

The  prices  of  foodstuffs  are  very  high  at  present  and  the  advance  in 
the  cheaper  grades  of  meats  has  been  much  greater  than  in  the  better 
grades.  Butter  and  potatoes  are  also  high  and  if  men  are  given  all  they 
wish  to  eat  and  of  a  good  quality,  the  cost  of  meals  as  given  above 
probably  cannot  be  reduced  until  prices  for  foodstuffs  are  lower. 


Addenda    (5). 

LAWS  IN  THE  VARIOUS   STATES  COVERING  THE  HOUSING 
AND  CARE  OF  EMPLOYES  IN  MAINTENANCE  AND 
CONSTRUCTION   CAMPS. 
Connecticut. 

Inspection  of  lodging  houses.  Every  agent  of  a  firm  or  corporation 
and  every  other  person  who  shall  maintain  or  have  charge  of  any  struc- 
ture used  as  a  boarding  house  or  place  of  abode  for  laborers  employed 
by  such  person,  firm  or  corporation,  shall  within  seventy-two  hours  after 
such  structure  has  been  occupied  for  such  purpose  or  purposes  notify 
the  health  officer  of  the  town,  city  or  borough,  in  which  such  structure  is 
located.  Such  health  officer  within  five  days  thereafter  shall  inspect  such 
premises  and  may  forbid  the  use  of  the  same  altogether,  or  make  such 
other  orders  as  he  may  deem  necessary  to  protect  the  health  of  the  in- 
mates. Every  person  violating  any  provision  of  this  section  or  failing  to 
comply  with  any  order  of  a  health  officer  made  pursuant  to  this  section 
shall  be  fined  not  more  than  one  hundred  dollars. 

Lodging  house  or  boarding  house,  meaning  "any  house  or  building, 
or  portion  thereof,  in  which  six  or  more  persons  are  harbored,  received, 
or  lodged  for  hire,  or  any  building,  or  part  thereof,  which  is  used  as  a 
sleeping  place  or  lodging  for  six  or  more  persons  not  members  of  the 
family  residing  therein."  This  definition  includes  maintenance  and  con- 
struction camps. 

Every  tenement,  lodging  or  boarding  house,  and  every  part  thereof, 
shall  be  kept  clean  and  free  from  any  accumulation  of  dirt,  filth,  garbage 
or  other  matter,  in  or  on  the  same,  or  in  the  yards,  courts,  passages,  areas 
or  alleys  in  connection  with  or  belonging  to  the  same.  The  owner,  ten- 
ant, lessee  or  occupant  of  every  tenement,  lodging  or  boarding  house,  or 
part  of  such  house,  shall  cleanse  thoroughly  all  rooms,  passages,  stairs, 
floors,  windows,  doors,  walls,  ceilings,  privies,  water-closets,  cesspools, 
drains,  halls,  cellars,  roofs  and  other  parts  of  such  house  or  the  part  of 
Mich  house  of  which  he  is  the  owner,  tenant,  lessee  or  occupant,  to  the 
approval  of  the  board  of  health,  and  shall  keep  the  same  in  a  cleanly 
condition  at  all  times. 

Every  owner  of  every  tenement  house  shall  provide,  for  such  build- 
ing, suitable  receptacles  for,  or  convenience  for  the  disposal  of  garbage, 
ashes  and  rubbish. 

Whenever  any  tenement,  lodging,  or  boarding  house,  or  any  build- 
in-,  structure,  excavation,  business  pursuit,  matter,  or  thing  in  or  about 
such  house  or  the  lot  on  which  it  is  situated,  or  the  plumbing,  sewerage, 
drainage,  light,  or  ventilation  of  such  house,  is,  in  the  opinion  of  the 
board  of  health,  in  a  condition  which  is,  or  in  its  effect  is,  dangerous  or 
detrimental  to  life  or  health,  said  board  may  declare  that  the  same,  to 
the  extent  specified  by  said  hoard,  is  a  public  nuisance,  and  may  order  the 
.our  to  be  removed,  abated,  suspended,  altered,  or  otherwise  improved 
or  purified,  as  the  order  shall  Specify.  The  hoard  of  health  may  also  order 
tuse  any  tenement  house,  or  part  thereof,  any  excavation,  building, 
structure,  sewer,  plumbing  pipe,  passage  premises,  ground,  mattes:,  or 
Ihing  in  or  about  a  tenement,  lodging,  or  boarding  house  or  the  lot  on 
which  Mich  house  is  situated.  t<>  he  purified, . cleansed,  disinfected,   re- 

d,  altered,  repaired,  or  improved.  If  any  order  of  the  board  of 
health  is  not  complied  with,  or  so  far  complied  with  as  laid  hoard  shall 
regard  isonable,    within    five    days    after    the    service    thereof,    or 
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within  such  shorter  time  as  said  board  shall  designate,  then  such  order 
may  be  executed  by  such  board,  through  its  officers,  agents,  employes,  or 
contractors. 

Whenever  it  shall  be  certified  by  the  board  of  health  that  a  tene- 
ment, lodging,  or  boarding  house,  or  any  part  thereof,  is  infected  with 
contagious  disease,  or  that  it  is  unfit  for  human  habitation  or  dangerous 
to  life  or  health  by  reason  of  want  of  repair  or  of  defects  in  the  drain- 
age, plumbing,  ventilation,  or  construction  of  the  same,  or  by  reason  of 
the  existence  on  the  premises  of  a  nuisance  liable  to  cause  sickness 
among  the  occupants  of  such  house,  the  board  of  health  may  issue  an 
order  requiring  all  persons  therein  to  vacate  such  house,  or  part  thereof, 
within  not  less  than  twenty-four  hours  nor  more  than  ten  days,  for  the 
reasons  mentioned  in  such  order.  In  case  such  order  is  not  complied  with 
within  the  time  so  specified,  the  board  of  health  may  cause  such  house, 
or  part  thereof,  to  be  vacated.  The  board  of  health,  whenever  satisfied 
that  the  danger  from  such  house,  or  part  thereof,  has  ceased  to  exist, 
or  that  such  house  is  fit  for  human  habitation,  may  revoke  such  order, 
or  may  extend  the  time  within  which  the  same  may  be  complied  with. 

If  a  room  in  a  tenement,  lodging,  or  boarding  house  is  overcrowded, 
the  board  of  health  may  order  the  number  of  persons  sleeping  or  living 
in  such  room  to  be  so  reduced  that  there  shall  not  be  less  than  five 
hundred  cubic  feet  of  air  to  each  adult,  and  three  hundred  cubic  feet 
of  air  to  each  child  under  twelve  years  of  age,  occupying  such  room. 

Every  building  used  as  a  tenement,  lodging,  or  boarding  house  shall 
be  furnished  with  adequate  and  suitable  privy  vaults  or  water-closets. 
There  shall  be  at  least  one  such  closet  or  vault  for  every  two  apart- 
ments of  three  rooms,  or  less,  each,  and  one  such  closet  or  vault  for 
every  apartment  of  four  or  more  rooms.  The  vaults,  privies,  or  water- 
closets  in  or  belonging  to  any  tenement,  boarding,  or  lodging  house  located 
on  premises  abutting  on  any  street  or  alley  through  which  there  is  a 
sewer  with  which  connection  may  be  had  shall  be  connected  with  such 
sewer  by  the  owners,  lessees,  or  agents  of  such  property,  whenever  so 
required  by  an  order  of  the  board  of  health.  In  every  tenement,  lodging, 
or  boarding  house  having  running  water  and  a  sewer  connection,  and 
which  is  three  or  more  stories  in  height,  the  water  closets  required  for 
the  occupants  of  the  third  and  higher  stories  shall  be  located  on  or 
above  the  third  floor  of  such  house.  Every  bathroom  or  water-closet 
compartment  in  a  tenement,  lodging,  or  boarding  house  shall  be  venti- 
lated by  an  outside  window,  or  a  window  opening  upon  a  vent  shaft,  or 
by  a  separate  ventilating  flue,  of  non-corroding  material  and  at  least 
thirty-six  square  inches  in  area,  leading  directly  to  the  roof;  and  every 
such  bathroom  or  water-closet  compartment,  not  otherwise  sufficiently 
lighted,  shall  be  provided  with  light  from  an  adjoining  room  or  rooms 
by  means  of  translucent  glass,  of  adequate  size,  in  a  fixed  sash. 

Pennsylvania. 

In  Pennsylvania  such  matters  would  be  taken  care  of  by  the  local 
boards  of  health,  who  always  have  the  power  to  abate  nuisances. 

The  Act  of  July  24,  1913,  P.  L.  1015,  provides  for  the  establishment 
in  the  State  Department  of  Health,  of  a  Housing  Bureau.  Section  2 
of  the  Act,  which  sets  forth  the  duties  of  this  bureau,  reads  as  follows: 

"118.  It  shall  be  the  duty  of  said  bureau  to  investigate  the  sanitary 
conditions  of  tenement,  lodging,  and  boarding  houses,  and  when  the  same 
are  found,  in  the  opinion  of  said  bureau,  to  be  a  menace  to  those  occupy- 
ing the  same,  or  employed  therein,  or  to  be  overcrowded,  to  condemn 
the  same,  and  to  notify  the  owners  or  agents  thereof  in  writing,  setting 
forth  the  unsanitary  or  overcrowded  conditions  thereof,  and  specifying 
in  writing  the  changes  or  alterations  which  shall  be  made  thereto  for  the 
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purposes  of  relieving  such  conditions,  and  further  specifying  the  time 
within  which  such  changes  or  alterations  shall  be  completed  or  over- 
crowding relieved." 

Labor  camps,  etc. 

Sec.  18.  The  commissioner  shall  inspect  all  labor  camps  and  housing 
accommodations  for  employes,  maintained  directly  or  indirectly  in  con- 
nection with  any  work  or  place  where  work  is  being  performed,  and  all 
places  established  for  the  temporary  shelter  and  care  of  aliens  and  un- 
employed persons,  and  prescribe  minimum  standards  of  sanitation  for 
all  such  labor  camps,  accommodations  and  temporary  quarters. 

New  Jersey. 

We  cannot  find  any  Statute  in  the  State  of  New  Jersey  which  deals 
specifically  with  the  matter  of  housing  and  caring  for  all  men  in  boarding 
camps  maintained  by  railroad  companies  and  contractors.  The  matter 
is  probably  governed  by  the  "Health"  law  of  New  Jersey.  Under  this 
statute  the  State  Department  of  Health  is  created  and  this  department 
has  formulated  what  is  known  as  the  State  Sanitary  Code.  This  Code 
is  quite  broad  in  its  nature  and  deals  with  questions  of  sanitation  gen- 
erally throughout  the  state.  The  "Health"  law  also  empowers  the  creation 
of  local  Boards  of  Health  by  the  various  municipalities  and  authorizes 
such  local  boards  of  health  to  pass  ordinances  and  make  rules  and  regu- 
lations in  regard  to  public  health  for  a  number  of  purposes,  among 
which  are  the  prohibition  and  removal  of  any  offensive  matter  or  the 
abatement  of  any  nuisance  in  any  public  highway,  road,  street,  avenue  or 
alley,  or  other  place,  public  or  private,  and  cause  the  removal  thereof  at 
the  expense  of  the  owner.  Also  the  regulation  of  sanitary  condition  of 
tenement  houses,  jails  and  public  buildings. 

Sanitation  of  Camps  Occupied  by  Migratory   Workers: 

(Amendment  No.  4  to  Interstate  Quarantine  Regulations,  1916.) 
Public  Health  Service, 
which  reads  as  follows : 

"To  medical  officers  of  the  U.  S.  Public  Health  Service,  State  and 
local  health  authorities,  and  others  concerned. 

The  following  addition  is  hereby  made  to  the  Interstate  Quarantine 
Regulations  promulgated  by  this  department  January  15,  1916,  said  addi- 
tion and  regulations  being  in  accordance  with  the  act  of  Congress  ap- 
proved February  15,  1893. 

The  following  regulation,  section  37,  is  hereby  added  to  the  Interstate 
Quarantine  Regulations: 

Section  37.  Persons,  firms,  or  corporations  maintaining  camps  of 
migratory  workers  shall  at  all  times  maintain  such  camps  in  a  proper 
sanitary  condition  and  shall  take  proper  measures  to  maintain  the  camps 
so  occupied  in  a  vermin-free  condition  and  shall  exercise  such  othei 
precautions  as  shrill  prevent  the  interstate  spread  of  disease  from  such 
camps,  and  the  Surgeon  General  may  from  time  to  time  detail  officers 
or  employes  of  the  United  States  Public  Health  Service  t<>  make  such 
inspections  as  shall  be  necessary  for  the  enforcement  of  this  regulation." 

Massachusetts. 

There  is  nothing  in  tin  laws  that  refer  to  labor  camps  alone,  hut  the 
roads  are  expected  to  conduct  then  in  a  Beemly  manner,  and  if  they  fail 
•  so  the  Board  of  Health  would  gel  after  them  and  issue  orders 
will)  which  they  would  have  to  comply. 

Drinking    Water:    All    industrial    establishment!    within    this   Com- 

monwcalth  shall  provide  fresh  and  pure  drinking  water  tO  which  then 
employes    shall    haV<  I  ours.      Any    person,    firm. 
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association  or  corporation  owning,  in  whole  or  in  part,  managing,  con- 
trolling or  superintending  any  industrial  establishment  in  which  the 
provisions  of  this  section  are  violated  shall,  upon  complaint  of  an  in- 
spector of  the  State  Board  of  Labor  and  Industries,  of  the  Board  of 
Health  of  the  city  or  town,  or  of  the  selectmen  of  the  town  in  which 
the  establishment  is  located  be  punished  by  a  fine  of  one  hundred  dollars 
for  each  offence. 

Toilets  to  be  Provided :  In  every  factory,  workshop,  manufactur- 
ing, mechanical,  mercantile  or  other  establishment,  there  shall  be  pro- 
vided suitable,  adequate  and  convenient  water-closets  and  washing  facil- 
ities, separate  for  each  sex  and  plainly  so  designated,  of  such  number,  in 
such  location  and  so  constructed,  lighted,  ventilated,  arranged  and  main- 
tained as  may  be  determined  by  such  reasonable  rules  and  regulations 
as  the  State  Board  of  Labor  and  Industries  may  adopt  with  reference 
thereto.  No  person  shall  be  allowed  to  use  a  closet  or  privy  which  is 
provided  for  the  use  of  persons  of  the  opposite  sex.  If  any  such  estab- 
lishment is  so  located  that  a  connection  with  a  sewer  system  is,  in  the 
opinion  of  the  said  board,  impossible  or  impracticable,  it  shall  provide 
such  suitable  toilet  and  washing  facilities  as  may  be  required  by  the  said 
board. 

New  York. 

There  are  no  laws  in  this  state  relating  to  the  housing  and  care  of 
employes  in  maintenance  and  construction  camps.  The  Public  Health 
Law,  however,  while  not  specifically  referring  to  such  camps,  undoubtedly 
would  affect  them  and  would  place  in  the  jurisdiction  of  local  boards  of 
health  in  cities,  villages  and  towns  any  question  as  to  proper  sanitary 
and  hygienic  regulations  of  such  camps. 

Michigan. 

Act.  No.  3.  This  act  amends  17,  act  No.  285,  Acts  of  1909,  by 
adding  thereto  the  following :  Where  railway  cars  are  used  for  sleeping 
or  living  accommodations  or  where  other  premises  for  sleeping  or  living 
accommodations  are  furnished  by  any  employer  or  his  agent,  for  men 
<>r  women  engaged  in  the  construction  of  railroads  or  other  work,  such 
cars  or  other  premises  shall  be  maintained  in  a  cleanly  and  sanitary 
condition  and  kept  sufficiently  heated  and  well  lighted  and  ventilated 
and  a  separate  place  and  facilities  shall  also  be  provided  for  the  purpose 
of  drying  clothes. 

Any  firm,  person  or  corporation  or  any  agent  or  foreman  thereof, 
or  any  contractor  or  other  person  who  has  control  over  such  conditions, 
may  be  prosecuted  at  the  instance  of  the  factory  inspector  or  other 
proper  authority  when  there  occurs  a  violation  of  this  section  with  respect 
to  the  conditions  specified  therein,  over  which  such  person,  firm  or  cor- 
poration has  control.  It  shall  be  unlawful  for  any  employe  to  do  any- 
thing to  hinder  or  make  difficult,  compliance  with  this  section :  Provided, 
that  the  provisions  of  this  section  shall  not  apply  to  railway  sleeping 
cars  used  exclusively  for  the  transportation  and  accommodation  of  pas- 
sengers carried  by  said  railways. 

California. 

Acts  of  1915.  Chapter  329.  Sec.  1.  An  act  *  *  *  (chapter  182, 
Acts  of)   1913,  is  hereby  amended  to  read  as  follows: 

Sec.  1.  In  or  at  any  camp  where  five  or  more  persons  are  employed, 
the  bunk  houses,  tents,  and  other  sleeping  places  of  such  employes  shall 
be  kept  in  a  cleanly  state,  and  free  from  vermin  and  matter  of  an  in- 
fectious and  contagious  nature,  and  the  grounds  around  such  bunk  houses, 
tents,  or  other  sleeping  places  shall  be  kept  clean  and  free  from  accumu- 
lations of  dirt,  filth,  garbage  and  other  deleterious  matter. 
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Sec.  2.  Every  bunk  house,  tent  or  other  sleeping  place  used  for 
the  purpose  of  a  lodging  or  a  sleeping  apartment  in  such  camp  shall 
contain  sufficient  air  space  to  insure  an  adequate  supply  of  fresh  air  for 
every  person  occupying  such  bunk  houses,  tent  or  other  sleeping  place. 
The  bunks  or  beds  shall  be  made  of  iron,  canvas  or  other  sanitary  mate- 
rial, and  shall  be  so  constructed  as  to  afford  reasonable  comfort  to  the 
persons  occupying  such  bunks  or  beds. 

Sec.  3.  Every  mess  house,  dining  room,  mess  tent,  dining  tent, 
kitchen,  or  other  structure  where  food  is  cooked,  prepared  or  served  in 
such  camp  shall  be  kept. in  a  clean  and  sanitary  state  and  the  openings 
of  such  structures  shall  be  screened. 

Sec.  4.  For  every  such  camp  there  shall  be  provided  convenient  and 
suitable  privy  or  other  toilet  facilities,  which  shall  be  kept  in  a  clean  and 
sanitary  state.  A  privy  other  than  a  water-closet  shall  consist  of  a  pit 
at  least  two  feet  deep,  with  suitable  shelter  over  the  same,  and  the 
openings  of  the  shelter  and  pit  shall  be  enclosed  by  screening  or  other 
fly  netting.  No  privy  pit  shall  be  filled  with  excreta  to  nearer  than  one 
foot  from  the  surface  of  the  ground  and  the  excreta  in  the  pit  shall  be 
covered  with  earth,  ashes,  lime  or  other  similar  substance. 

Sec.  S.  All  garbage,  kitchen  wastes  and  other  rubbish  in  such  camp 
shall  be  deposited  in  suitable  covered  receptacles  which  shall  be  emptied 
daily  or  oftener  if  necessary  and  the  contents  burned  or  otherwise  dis- 
posed of  in  such  a  way  as  not  to  be  or  become  offensive  or  insanitary. 

Sec.  6.  It  shall  be  the  duty  of  any  person,  firm,  corporation,  agent  or 
officer  of  a  firm  or  corporation  employing  persons  to  work  in  or  at 
such  camps  to  which  the  provisions  of  this  act  apply  and  the  superin- 
tendent or  overseer  in  charge  of  the  work  in  or  at  such  camps  to  carry 
out  the  provisions  of  this  act. 

Sec.  7.  The  Commission  of  Immigration  and  Housing  of  California 
shall  administer  this  act  and  secure  the  enforcement  of  the  provisions 
thereof,  and  for  such  purposes  shall  have  the  right  to  enter  and  inspect 
all  camps  to  which  the  provisions  of  this  act  apply.  Any  camp  coming 
under  the  provisions  of  this  act  which  docs  not  conform  to  the  provisions 
of  this  act  is  hereby  declared  a  public  nuisance,  and  if  not  made  so  to 
conform  within  five  days,  or  within  such  longer  period  of  time  as  may 
be  allowed  by  the  Commission  of  Immigration  and  Housing  of  California, 
after  written  notice  given  by  said  commission,  shall  be  abated  by  proper 
action  brought  for  that  purpose  in  the  Superior  Court  of  the  county  in 
which  the  camp  or  such  greater  portion  thereof  is  situated. 

Sec.  8.  Any  person,  firm,  corporation,  agent  or  officer  of  a  firm  or 
corporation,  or  any  superintendent  or  overseer  in  charge  of  the  work 
in  or  at  any  camp  coming  under  the  provisions  of  this  act.  who  ^li nil 
violate  or  fail  to  comply  with  the  provisions  of  this  act.  is  guilty  of  a 
misdemeanor,  and  shall,  upon  conviction  thereof,  he  punished  by  a  fine 
of  not  more  than  two  hundred  dollars,  or  by  imprisonment  for  more 
than  sixty  days,  or  by  both  such  fine  and  imprisonment. 

Washington    Regulations. 

The  commissioner  of  health  of  the  state  of  Washington  lias  prepared 
a  let  of  rules  and  regulations  governing  sanitary  conditions  in  industrial 
camps  in  that  state,  of  which  the  following  is  an  abstract: 

1.  Hereafter  contractors  and  all  other  ntraons  who  may  establish  an 
industrial  camp  or  camps  for  the  purpose  of  logging  or  any  like  industry 
or  for  the  purpose  of  constructing  any  road,  railroad  or  irrigation  canal, 
or  other  work  requiring  the  maintenance  of  camps  for  men  engaged  in 

Itich    work,    "i"    any    Other    temporary    or    permanent    industrial    camps    of 

whatsoever  nature,  shall  reporl  to  the  state  commissioner  of  health 

to   maintain    good    s.mit.trv    conditions,    and    shall    at    all    times    keep    such 
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camp  or  camps  in  a  sanitary  condition  satisfactory  to  the  state  commis- 
sioner of  health. 

2.  The  health  officer  of  each  county  shall  report  to  the  state  com- 
missioner of  health  on  the  location  and  sanitary  condition  of  all  indus- 
trial or  construction  camps  within  his  jurisdiction  in  the  month  of  June 
each  year,  and  at  such  other  times  as  the  commissioner  of  health  may 
require. 

3.  All  contractors  and  other  persons  responsible  for  the  control  and 
management  and  construction  of  industrial  camps  must  use  all  reasonable 
precautions  to  protect  the  men  in  their  employ  from  disease,  and  to  that 
end  they  shall  comply  with  the  following  regulations  adopted  by  the  state 
board  of  health. 

4.  The  following  are  the  instructions  and  recommendations  relative 
to  the  proper  sanitation  of  camps.  The  natural  topography  of  the  land 
where  camps  must  of  necessity  be  located  renders  it  impossible  to  specify 
in  detail  complete  plans  for  temporary  camps,  but  the  management  of 
camps  will  be  held  strictly  responsible  for  failure  or  refusal  to  comply 
with  the  general  intent  and  spirit  of  these  regulations : 

(a)  Camps  must  be  established  upon  dry,  well-drained  ground. 

(b)  All  natural  sink  holes  or  collections  of  pools  of  water  must  be 
drained  and  filled  when  the  camp  is  first  established. 

(d)  The  toilets  must  be  located  convenient  to  the  bunk  houses, 
and  as  far  removed  from  the  kitchen  and  eating  house  as  may  be  prac- 
ticable. 

(e)  The  use  of  toilets  provided  for  the  men  must  be  made  obli- 
gatory, and  instant  discharge  of  any  employe  polluting  the  soil  in  the 
camp  must  be  rigidly  enforced. 

(f)  In  camps  of  100  or  over  there  must  be  one  employe  whose 
principal  duty  shall  be  to  act  as  scavenger  and  garbage  collector. 

(h)  All  toilets  in  the  camp  must  be  fly-proof.  (The  state  board  of 
health  will  furnish  drawings  of  inexpensive  fly-proof  toilets  upon  request.) 

(i)  The  kitchen  and  eating  house  must  be  effectively  screened 
against  flies. 

(j)  Garbage  must  be  collected  in  tight  cans  and  burned  or  buried 
daily.  Garbage  may  be  fed  to  pigs  provided  the  pen  is  located  not  less 
than  100  ft.  from  the  cook  or  eating  house  and  kept  in  a  sanitary 
condition. 

(k)  Tin  cans  and  other  non-inflammable  refuse  must  be  collected 
daily  and  burned  over  every  ten  days  or  buried  in  a  pit. 

(1)  _  Food  supplies  must  be  carefully  screened  and  thorough  and 
systematic  scrubbing  of  kitchen,  eating  houses  and  bunk  houses  must  be 
observed. 

(m)  The  supply  of  water  for  the  camp  must  come  from  an  abso- 
lutely uncontaminated  source. 

(n)  Care  must  be  taken  not  to  pollute  the  water  supply  of  another 
camp  or  the  water  supply  of  any  of  the  people  of  the  State  of  Wash- 
ington. 

(o)  All  sick  from  whatever  cause  should  be  isolated  from  the  re- 
mainder of  the  crew  immediately. 

(p)  All  persons  engaged  in  the  care  of  the  premises  and  handling 
of  the  food,  particularly  cooks  and  helpers,  should  bo  carefully  examined 
and  particular  attention  paid  to  the  point  as  to  whether  or  not  they  have 
suffered  from  typhoid   fever  within  recent  years. 


Addenda   (6). 

SANITATION  INSTRUCTIONS,  ILLINOIS  CENTRAL  RAILROAD 

COMPANY. 
Office  of  Chief  Surgeon. 

Chicago,  September  1,  1912. 

To  Road  Masters,  Section  Foremen  and  Those  in  Charge  of  Survevying 
Parties: 

1.  In  locating  bunk  cars  the  highest  ground  available  should  be 
selected  in  order  to  prevent  disease  from  accumulated  water.  Any  de- 
pressions in  which  water  will  accumulate  should  be  drained  or  filled  with 
cinders.  If  it  is  not  practicable  to  drain  stagnant  water  near  bunk  cars, 
or  to  fill  depressions,  oil  should  be  placed  on  these  pools  at  least  once 
every  two  weeks. 

2.  As  soon  as  site  is  selected,  immediately  build  a  privy  and  see 
that  the  men  use  same.  Keep  this  place  clean  by  brushing  off  the  seat 
each  day  with  broom  and  water.  Carefully  instruct  the  men  to  cover 
all  excretions  with  ashes,  and  use  lime  freely  in  warm  weather.  Do 
not  allow  the  men  to  urinate  around  the  bunk  cars,  as  this  is  very 
insanitary. 

3.  Have  bunk  cars  screened,  and  kept  free  from  flies  by  using  swat- 
ters and  poisons. 

4.  Ventilate  cars  by  having  windows  open  during  day  and  night, 
when  weather  permits. 

5.  Dispose  of  garbage  daily  and  keep  garbage  cans  covered  at  all 
times.  Use  lime  freely  around  the  cars,  and  most  freely  around  the 
garbage  can.  Keep  all  dirt  and  rubbish  cleaned  up,  and  have  the  sur- 
roundings free  from  decaying  matter  at  all  times.  Refuse  should  be 
destroyed  by  burning. 

6.  Do  not  throw  trash  on  the  main  track  side,  as  this  will  lead  to 
insanitary  conditions  along  the  right  of  way. 

By  observing  these  conditions  a  healthful,  sanitary  and  wholesome 
camp  will  be    maintained. 

A.  E.  Campbell, 

Health  Officer. 

G.    G.    DOWDALL. 

Chief   Surgeon, 
Approved: 

W.  L.  Park, 

Vice-President  and  General  Man 
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REPORT  OF  COMMITTEE  XIX— ON  CONSERVATION  OF 
NATURAL  RESOURCES. 

R.  C.  Young,  Chairman;  S.   N.   Williams,   Vice-Chairman  ; 

R.  H.  Aishton,  C.  F.  Koppisch, 

W.   K.   Barnard,  William  McNab, 

C.  B.  Brown,  J.  L.  Pickles, 

Moses  Burpee,  J.  W.  Votey, 

C.  H.  Fisk,  W.  C.  Willard, 

E.  E.  King,  Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  on  the  Conservation  of  Natural  Resources  respect- 
fully submits  herewith  its  report  to  the  Nineteenth  Annual  Convention. 

The  following  subjects  were  assigned  the  Committee  by  the  Board 
of  Direction : 

1.  Continue  the  study  of  tree  planting  and  general  reforestation. 

2.  Collect  statistics  on  extent  of  use  of  treated  timber  and  of  per- 
manent materials  to  replace  untreated  timber  and  bare  steel 

3.  Report  on  the  conservation  and  utilization  of  water  power  for  rail- 
way purposes,  conferring  with  Committee  on  Electricity. 

4.  Report  on  the  study  of  coal,  fuel-oil,  timber,  iron  and  steel  re- 
sources. 

5.  Report  on  the  relation  of  railways  to  the  different  conservation 
projects,  reviewing  work  that  has  been  done  by  each  company  up  to  the 
present  time,  and  make  recommendations  on  policies  economical  for  rail- 
ways to  follow. 

6.  Report  on  measures  for  the  conservation  of  human  life  and  energy, 
in  order  to  promote  efficiency. 

COMMITTEE   MEETINGS. 

Two  meetings  of  the  Committee  were  held,  both  at  Chicago,  one  on 
July  10,  1917,  with  five  members  present,  and  the  second  on  January  29th, 
with  three  members  present. 

PROGRESS   REPORTS. 

In  planning  the  work  for  the  past  year,  the  Committee  considered  that 
it  might  be  desirable  to  include  in  its  report  a  digest  of  the  previous 
reports  of  the  Committee.  This  would  make  it  easier  for  the  members  to 
note  the  ground  that  has  been  covered  and  the  more  important  features 
of  the  reports  that  have  already  been  made. 

The  Committee  therefore  submits,  in  Appendix  A,  a  digest  of  previous 
reports  on  the  "Conservation  of   Natural  Resources." 

In  Appendix  B  the  Committee  presents  a  report  on  the  progress  being 
made  in  Canada  on  conserving  and  Utilizing  the  natural  resources  of  the 
Dominion, 

The  attention  of  the  Committee  lias  been  Called  to  recent  develop- 
ments in  saving  and  using  what  lias  heretofore  been  considered  scrap 
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material.  Among  the  notable  examples  of  this  comparatively  new  indus- 
try are  the  plants  of  the  Atchison,  Topeka  &  Santa  Fe  Railway,  located 
at  Corwith,  111.,  near  Chicago;  the  plant  of  the  Chicago  &  Northwestern 
Railway,  located  at  the  West  Chicago  Shops  of  that  company,  and  others. 
Another  feature  of  economy  worthy  of  mention  recently  developed 
is  that  of  repairing  frogs  and  switches  by  the  oxy-acetylene  method.  It 
is  being  successfully  used  by  a  number  of  railroads. 

CONCLUSION. 

Your  Committee  recommends  that  its  present  report  be  received  as 
information. 

RECOMMENDATIONS  FOR  FUTURE  WORK. 

Your  Committee  recommends  that  subjects  (5)  and  (6)  be  reassigned 
for  the  coming  year. 

Respectfully  submitted, 

The  Committee  on   Conservation  of  Natural  Resources. 


Appendix    A. 

DIGEST    OF   PREVIOUS    REPORTS    OF   THE    COMMITTEE   ON 

CONSERVATION  OF  NATURAL  RESOURCES. 

Prepared  by  Dean  J.  W.  Votey. 

In  preparing  the  reports  in  the  past,  the  Committee  has  been  repre- 
sented at  the  conventions  of  the  National  Conservation  Commission  and 
has  made  use  of  materials  collected  and  reports  issued  by  other  commis- 
sions and  organizations,  including  the  reports  of  the  Government.  It 
has  also  had  special  assistance  from  railway  companies  and  various  cor- 
porations. Among  the  organizations  from  which  material  has  been 
secured  may  be  mentioned  the  following :  The  Lake  States  Forest  Fire 
Conference,  the  Forest  Products  Laboratory,  the  U.  S.  Forest  Service,  the 
National  Association  of  State  Conservation  Commissions,  the  Western 
Forestry  Conservation  Commission,  the  U.  S.  Bureau  of  Mines,  the  Na- 
tional Forest  Conservation  Commission  and,  from  Canada,  the  Com- 
mission of  Conservation,  the  Forestry  Branch  Department  of  Interior,  the 
Board  of  Railway  Commissioners,  the  Public  Utilities  Commission  of  the 
Province  of  Quebec,  and  the  Fuel  Testing  Division  of  the  Mines  Branch, 
Ottawa. 

The  ground  covered  by  the  Committee's  reports  has  been  under  the 
following  classification:  (1)  Timber;  (2)  Fuel-oil  and  coal;  (3)  Iron 
and  steel;  (4)  Water  power.  Some  attention  lias  also  been  paid  to  the 
conservation  of  life  and  limb  in  the  "safety-first"  campaigns.  The  Com- 
mittee has  attempted  under  these  heads  to  collect  and  bring  together 
the  more  recent  information  in  order  that  the  members  might  see  what 
progress   was  being   made   in   conservation   along   these   lines. 

In  addition  to  the  tabulated  matter  giving  the  results  of  experimental 
investigations  or  specific  information  that  had  been  collected,  there  was 
published  in  the  report  for  1912  a  "Bibliography  of  Articles  Pertaining 
to  the  Timber  Resources  of  the   United   States." 

Since  the  Committee  was  first  organized  the  term  "Conservation" 
has  been  more  clearly  defined  and  the  field  of  conservation  much  more 
widely  extended.  "It  now  embraces  principles  of  preservation,  preven- 
tion of  waste,  the  efficient  development  of  every  variety  of  our  natural 
resources  and  a  study  of  how  to  make  the  wealth-producing  power,  as 
represented  by  such  features,  perpetual  b>  judicious  Conservation."  "The 
first  principle  of  Conservation  is  development,  the  use  of  the  natural 
resources  now  existing  in  this  Continent  for  the  benefit  of  the  people  who 
live  here  now."  "Conservation  stands  emphatically  for  development  and 
use  of  water  power  now  without  delay."  "The  development  of  our  natural 
resources  and   the    fullest   use   of   them    for   the   present    generation    is    the 

first  duty  for  this  generation."  "In  the  second  place,  Conservation  stands 
for  prevention  of  waste."  "The  natural  resources  must  he  developed 
and  preserved  for  the  benefit  "f  the  tn.inv,  mil  merely  for  the  profit  of  a 
few"      "Conservation    demands    the    ;i|ipli< -.ition    Of    COmmofl    sense    to    the 
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common  problems  for  the  common  good."  It  also  requires  that,  in  the  case 
of  those  resources  that  are  replaceable,  such  steps  should  be  taken  as  are 
necessary  to  restore  or  renew  these  resources  for  the  benefit  of  coming 
generations. 

Conserving  natural  resources  is  of  special  interest  to  railways  in  view 
of  the  rising  prices  of  all  materials  produced  from  these  resources  that 
are  needed  by  railways.  It  is  further  of  interest  to  these  companies  in- 
sofar as  they  are  depending  for  business  upon  industries  utilizing  these 
resources.  Conservation  requires  the  exercise  of  the  highest  economy 
in  the  utilization  of  all   of  our  natural  resources. 

TIMBER  CONSERVATION. 

More  attention  has  perhaps  been  given  to  the  matter  of  the  con- 
servation of  timber  than  of  any  other  of  our  natural  resources,  first, 
because  the  use  of  this  material  in  the  past  has  represented  a  tremendous 
waste,  and  second,  since  timber  is  one  of  the  natural  resources  that  is 
replaceable. 

The  original  forests  of  the  United  States  were  estimated  to  contain 
about  5,200  billion  ft.  B.M.  It  is  estimated  that  the  standing  timber  in 
the  country  at  the  present  time  is  about  2,800  billion  ft.  B.M.  This 
is  largely  concentrated  in  the  Pacific  Northwest  and  the  Southern  Pine 
area.  About  2,200  billion  ft.  B.M.  is  in  private  hands,  while  about  600 
billion  ft.  B.M.  is  in  the  national  forests  and  in  the  public  lands.  We 
are  using  40  cu.  ft.  of  timber  per  capita  annually,  while  the  annual  growth 
of  the  forests  produces  only  13  cu.  ft.  per  capita.  In  certain  large  forest 
areas  the  loss  by  decay  balances  the  growth.  Thirty-five  per  cent,  of 
standing  timber  reaches  the  ultimate  consumer,  65  per  cent,  being  wasted 
in  handling.  The  timber  supplies  of  the  country  are  being  depleted 
through  losses  by  fire,  losses  by  decay  in  the  forests  and  in  the  timber 
as  used  through  wastes  in  logging  and  through  wastes  in  sawing  and 
preparing  the  timber  for  use. 

Application  of  Forestry  Methods. 
The  introduction  of  proper  forestry  methods  will  increase  the  annual 
productivity  of  the  forests.  A  judicious  thinning  in  the  forest  concen- 
trates the  growth  on  the  best  trees.  The  largest  results  are  secured  by 
holding  the  crop  until  it  reaches  mature  size.  The  protection  of  the 
young  forest  growth  as  well  as  of  mature  timber  is  essential  for  the 
future  development  of  the  forests.  The  benefits  from  forest  management 
are  well  illustrated  by  the  results  secured  in  certain  foreign  countries, 
notably  France  and  Germany. 

Reforestation  of  Cut-over  and  Waste  Lands. 
A  great  deal  of  attention  is  being  given  by  the  interests  concerned 
to  the  restoration  of  the  forests  by  the  reforestation  of  lands  from  which 
the  timber  has  been  cut  or  of  so-called  waste  land  that  is  unsuitable  for 
agricultural  purposes.  There  is  in  this  country  an  enormous  acreage  of 
such  waste  land  at  present  producing  no  revenue. 
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Under  proper  forestry  management  reforestation  will  take  place  in 
many  of  these  areas  in  a  natural  manner  where  suitable  fire  protection  is 
afforded. 

Several  states  have  adopted  the  plan  of  acquiring  all  cut-over  lands 
that  can  be  had  cheaply,  in  groups  as  far  as  possible,  as  a  nucleus  of  a 
state  forest  reserve.  The  states  which  are  reported  as  most  extensively 
engaged  in  reforestation  are  New  York,  Pennsylvania,  Massachusetts, 
Vermont,  New  Hampshire,  Connecticut,  Ohio,  Michigan,  Wisconsin  and 
Minnesota. 

The  Federal  Government  has  also  taken  part  in  this  movement  of 
reforestation  by  the  purchase  of  cut-over  timber  lands,  notably  in  the 
Appalachian  reserve  and  in  the  White  Mountains ;  698,086  acres  have  been 
purchased  in  the  White  Mountains  and  smaller  tracts  have  been  ac- 
quired in  the  southern  Appalachian  Mountains.  Since  1911  there  have 
been  approved  for  purchase  1,396,367  acres.  The  Forestry  Service  of  the 
Department  of  Agriculture  has  been  reforesting  about  twenty  thousand 
acres  per  year   in  the   Western  national   forests. 


Standing  Timber. 


Many  large  corporations  depending  for  their  raw  materials  upon  the 
forestry  lands  are  actively  engaged  in  some  form  of  reforestation. 

The  State  of  Maine  offers  a  good  illustration  of  this  work  where 
there  are  about  a  dozen  pulp  and  paper  companies  owning  together  more 
than  2,000,000  acres.  The  Great  Northern  Paper  Company  owns  over  a 
million  acres  from  which  timber  is  cut  for  the  manufacture  of  paper.  This 
company  is  using  modern  forestry  methods  in  handling  its  property. 
Some  details  of  the  company's  work  is  given  in  Vol.  18,  page  603,  of  the 
Proceedings. 

The  importance  of  the  forest  industries  in  Canada  has  warranted 
serious  attention  being  given  to  this  matter  of  reforestation.  The  main 
stress  there  has  been  placed  upon  the  adoption  of  protective  measures 
against   forest  losses  from   fire. 
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Timber   Renewal  by    Tree   Planting. 

Considerable  experimental  work  is  being  done  by  the  various  states, 
corporations  and  individuals  in  the  matter  of  tree  planting  on  a  large 
scale.  This  work  has  been  under  way  too  short  a  time  to  accurately 
estimate  its  value.  The  work  being  of  an  experimental  character,  it  was 
natural  that  failure  should  occur  in  certain  cases.  The  work  of  the  last 
few  years  seems  to  promise  much  greater  success  than  the  earlier  plant- 
ings. Experience  shows  planting  forestry  stock  more  successful  than 
seeding  and  less  expensive.  The  selection  of  trees  for  planting  have 
varied  with  the  locality  and  with  the  interests  concerned.  A  great  deal  of 
white  pine  has  been  planted  by  the  northern  states.  The  paper  com- 
panies have  naturally  planted  spruce  suitable  for  pulp  and  the  railroad 
companies  have  selected  rapid  growing  species  suitable  for  ties.  As  an 
illustartion  of  the  work  done  in  this  line  by  some  of  the  states  in  1914, 
the  New  York  State  Conservation  Commission  furnished  some  5,000,000 
young  trees  which  were  planted  on  about  5,000  acres  divided  between  the 
State  Forest  Reserve,  State  institutions  and  private  owners. 

Attempts  have  been  made  by  certain  railroads  to  utilize  the  com- 
pany's waste  land  in  tree  planting  for  the  future  tie  and  timber  supply. 
The  Committee  in  1915  collected  such  information  as  could  be  secured 
from  these  railroads  at  that  time  and  this  data  is  given  in  the  following 
tabulation : 


TABLE  1-RAILWAY  EXPERIMENTS  TN  TREE  PLANTING  AS  REPORTED  IN  1915 


Scotch  Pine 
Scotch  Pine 
Bed  i  lak 

Norway  Poplar 
Nomas  Poplar 
Elm. 
White  Ash. 


Species 

Number 

Area 

Dates 

Location 

Results 

I.oriSVILLE  &  NASHVILLE 

1 1  .(MX) 

71,600 

700A. 

Ala. 

Kv 

1904*45     I 
1904-05 

lost, 
lost. 

l)ll.\\\  \HK  &  HUDSON 

1,668,130 

35,900 

465.550 

6,600 
84,060 
194,150 

4.(100 
19.700 


l  ,565 

89 

450 

6 

84 
ISM 

1 
19 


11107  15 

iiii-i2 

Hill.  13  II 
1013 

nun 

1914 

KM  I 
Kill 


N. 

Y 

\  t 

Pa 

Pa 

\ 

Y 

\ 

J 

\ 

'» 

N 

Y. 

23%  lost. 
<>';  lost 

M',    lost 

Failure. 
20$  lost. 


CI   Mill   III    Wli   \   W.I.KY 

^  alio*  I  ocusi 
Red  '  lak 

15,000 

■.':u  ■ 
4,000 

-.'IKI 

1966,  win 
1908  12 
191(1 

\i-i;i  OLK,  4  WESTERN 
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1909 

\.-i             Pooi 

194 


CONSERVATION    OF    NATURAL    RESOURCES. 


TARI.E  1— RAILWAY  EXPERIMENTS  IN  TREE  PLANTING  AS  REPORTED  IN  lOli 

^Continued  I 


Specif* 


Number 


Dates  Location  i  Results 


BOSTON  &  ALBANY 


Catalpa 


1895  <f) 


Failure. 


PENNSYLVANIA  LINK.-  WEST 


Catalpa 


Incl. 


Uncertain. 


SANTA  FE 


Cal. 


Growth  too 
slow. 


PENNSYLVANIA 

1,953,214 

12.673 

10,316 

2.405,779 

800 

30,420 

38,855 

16,446 

1,752 

3,120 

9,609 

2,300 

4,946 

10,340 

120 

500 

30,147 

23,145 

23,839 

560 

441,186 

2,850 

3,000 

52,770 

46,300 

525 

5,070 

1902-10 

1911-12 

1906-09 

1906-1913 

1908 

1907-09 

1908-12 

1908-12 

1912 

1909,  1913 

1908,  '10,  '12 

1910 

1910 

1910 

1913 

1908 

1908-13 

1908,  '10.  '12 

1910-12 

1909 

1906-13 

1912 

1907 

1907-10,  12 

1908-08 

1908-09 

1908-09,  '13 

Red  Oak 

Scarlet  Oak    

Pin  Oak 

Hardv  Catalpa  

Black  Walnut 

White  Ash 

Red  Gum 

Willow 

White  Pine 

Red  Pine 

Norway  Spruce 

Douglas  Fir     

Northern  White  Cedar. 

CANADIAN  PACIFIC 


Tamarack 


25,000 


1908 


NEW  YORK  CENTRAL 


White  Pine. 
Scotch  Pine ... 

Red  Pine 

Larch. 
Red  Oak 
Carolina  Poplar. 


oO.OOO 


N    J 


ILLINOIS  CENTRAL 


Catalpa 


173,000 


1902 


La.  Satisfactory. 
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Considerable  work  has  been  done  in  some  of  the  Northern  states  by 
private  individuals  who  have  secured  waste  land  and  engaged  in  tree 
planting  as  a  business  venture.  How  successful  such  ventures  will  prove 
will  depend  to  a  considerable  extent  upon  the  protection  given  to  these 
plantings  in  the  future  from  losses  by  fire  and  other  agencies. 

Work  in  tree  planting  of  great  value  has  been  done  by  several  of  the 
European  nations.  In  France,  immense  areas  of  waste  land  were  recov- 
ered by  tree  planting.  Results  of  very  great  value  have  been  secured 
from  the  timber  cut  on  these  lands.  France  has  2,000,000  acres  recuper- 
ated at  an  expenditure  of  less  than  $15,000,000  now  representing  a  capital 
of  $135,000,000  from  nine  times  the  outlay  and  an  income  of  ten  million 
dollars  annually  or  7  per  cent,  on  the  valuation.  These  French  forests 
are  of  inestimable  value  in  supplying  the  timber  demands  for  the  present 
war. 

Prevention  of  Fire  Loss. 

"The  U.  S.  Forest  Service  reports  that  an  average  of  ten  million 
acres  is  annually  burned  over,  causing  a  loss  of  25  million  dollars.  These 
fires  destroy  the  soil  covering  in  a  forest,  causing  rapid  runoff  on  steep 
slopes  and  an  erosion  and  irregularity  of  stream  flow  with  loss  of  navi- 
gability, hence  the  necessity  of  continued  state  and  national  co-operation 
to  secure  the  protection  from  forest  fires  which  destroy  annually  twelve 
million  ft.  B.M.  of  timber." 

All  experiences  go  to  prove  that  damage  by  forest  fires  is  practically 
preventable.  Measures  for  the  protection  against  this  loss  have  been 
adopted  by  the  U.  S.  Government  in  handling  its  forest  reserves,  by  cer- 
tain of  the  states  under  the  Forestry  Departments,  by  some  of  the  rail 
roads  whose  lines  pass  through  valuable  timber  lands  and  by  large  cor- 
porations with  valuable  timber  holdings.  The  P'cderal  Government  co- 
operates with  many  states  in  the  fire  protection  of  forests  on  the  water- 
sheds of  navigable  streams.  The  combined  efforts  of  these  different 
organizations  have  resulted  in  a  very  large  reduction  of  the  annual  fire 
loss.  The  measures  adopted  have,  in  the  main,  consisted  of  the  estab- 
lishment of  patrol  systems  for  the  discovery  of  fires  and  fire  fighting 
organizations  for  dealing  with  the  fires  when  reported.  As  many  forest 
fires  originate  on  or  near  the  railroad  right-of-way,  it  lias  been  natural 
for  the  railroad  to  combine  with  the  state  and  other  organizations  in 
providing  protective  measures  for  this  work.  In  certain  States,  this 
obligation  has  been  placed  upon   the  railway  companies  1>\    State  laws. 

"The  legislation  on  fire  protection  affecting  railroads  is  generally 
along  the  lines  and  requirements  for  locomotive  spark  arresters;  for 
devices  for  preventing  the  escape  6f  tire  from  ash-pans  and  fire-boxes; 
the  prohibition  of  depositing  fire,  live  coals,  etc  .  on  tracks  or  rights  of 
way;  the  requirements  of  screening  smoking  car  windows,  cleaning  right 
of-way,  extension  of  cleaning  at  dangerous  points  to  strips  beyond  the 
ri^ht  of-way;   maintenance  of  fire  patrolmen  to   follow    trains   in 
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districts    during    danger    seasons    and    notification    by    trainmen    of    fires 
observed   in   passing." 

In  certain  states,  notably  Michigan,  the  timber  land  owners  have  or- 
ganized themselves  into  protective  associations  and  raised  the  funds  to 
maintain  organizations  of  fire  wardens  and  forest  rangers  and  have 
co-operated  with  the  state  authorities  in  this  matter.  The  railroads  like- 
wise in  the  timber  districts  have  organized  systems  of  patrol  and  special 
fire  fighting  equipment. 

The  resolutions  relating  to  forest  fire  protection  adopted  at  the  Lake 
States  Forest  Fire  Conference  in  1910  were  reported  in  full  by  the  Com- 
mittee, Vol.  12  of  the  Proceedings.  These  relate  in  the  main  to  the 
slash  problem,  the  railway  risk,  the  maintenance  of  patrol  systems,  the 
building  of  fire  lines  around  all  exposed  property  and  the  education 
of  the  general  public  to  the  hazard  involved  and  the  means  for  its  elim- 
ination. 

In  Canada  careful  attention  has  been  paid  to  the  control  of  forest 
fires  in  order  to  reduce  the  enormous  loss  in  that  country,  by  the  Board 
of  Railway  Commissioners,  by  the  Public  Utilities  Commission  of  the 
Province  of  Quebec  and  similar  organizations  in  other  Provinces. 

The  regulations  of  the  Board  of  Railway  Commissioners  are  quoted 
in  full  in  the  Committee's  report  in  Vol.  14  of  the  Proceedings.  The 
progress  made  in  Canada  under  the  regulations  issued  is  indicated  from 
the  fact  that  the  railways  are  now  considered  only  a  minor  source  of 
danger. 

Settlers,  sportsmen  and  tramps  are  reported  as  being  responsible 
for  much  of  the  damage  due  largely  to  carelessness.  In  Canada,  as  in  the 
States,  various  protective  associations  have  been  organized  and  have 
demonstrated  the  value  of  co-operative  effort  in  forest  fire  protection. 
Two  such  organizations,  the  Maurice  and  Lower  Ottawa  Forest  Pro- 
tective  Associations   together   protect   an   area  of   16  million   acres. 

Improved  Logging   Methods. 

Under  the  methods  of  logging  formerly  practiced  in  this  country 
it  has  been  estimated  that  one-fourth  of  the  standing  timber  was  left 
or  otherwise  lost  in  logging.  Under  the  improved  systems  now  being 
adopted  this  loss  is  being  reduced.  The  paper  mills  are  able  to  use  wood 
too  small  for  saw-logs.  The  hemlock  bark  is  used  by  the  tanneries,  while 
balsam,  spruce,  poplar  and  hemlock  can  be  used  for  paper  making.  The 
hardwood  may  be  utilized  for  by-products.  The  pine  wastes  may  be 
utilized  in  a  similar  manner.  The  boxing  of  longleaf  pine  for  turpentine 
has  been  estimated  to  destroy  one-fifth  of  the  forest  growth. 

Secondary  matters  in  improved  logging  operations  have  been  the 
reduction  of  fire  risks  in  the  care  of  the  slash  and  the  better  protection 
of  the  young  growth  necessary   for  reforestation  of  the  area. 

Saving   Waste   in    Preparing   Timber   for   Use. 
It  has  been  estimated  that  the  loss  in  the  mills  in  the  past  has  been 
from  one-third  to  two-thirds  of  the  timber  sawed.     The  loss  in  the  mill 
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product  through  seasoning  and  fitting  for  use  has  been  estimated  as  from 
one-seventh  to  one-fourth.  An  average  of  only  320  feet  of  lumber  is 
used  for  each  thousand  feet  which  stood  in  the  forest.  A  great  reduc- 
tion in  the  mill  loss  is  being  made  by  utilizing  the  mill  wastes  as  a  source 
of  supply  for  by-products  or  by  culling  from  such  wastes  material  that 
can  be  cut  and  used  in  smaller  dimensions. 

The  Committee  in  previous  reports  carefully  investigated  the  relative 
use  of  sawed  vs.  hewed  ties.  It  was  found  that  about  70  per  cent,  of  the 
tree  was  wasted  in  making  hewed  ties.  A  large  saving  could  be  made 
by  adopting  the  sawed  tie  in  place  of  the  hewed.  This  loss  includes  not 
merely  the  loss  of  wood  in  hewing,  but  also  the  loss  in  the  logging  opera- 
tions. The  Committee's  investigations  of  the  tie  matter  were  reported 
in  Vol.  11  of  the  Proceedings.  In  this  report  the  relative  merits  of  sawed 
and  hewed  ties  were  stated  and  the  advantages  to  be  derived  from  the 
use  of  the  sawed  instead  of  the  hewed  tie.  At  that  time,  the  Committee 
summarized  the  matter  as  follows :  "Tie  hewing  cannot  be  condemned 
without  exception.  1.  Hewing  is  economical  for  various  small  trees  when 
these  are  desirable  to  cut  from  the  point  of  growth.  2.  Hewing  ties  from 
trees  under  15  to  18  in.  and  getting  full  scales  is  more  desirable  for  the 
stumpage  owner  than  being  robbed  by  the  scale  of  most  existing  log  rules, 
if  the  price  per  thousand  feet  is  the  same.  3.  Hewing  ties  is  desirable  in 
small  wood-lots  where  a  mill  would  be  impracticable.  4.  Sawing  ties  is 
more  economical  by  20  to  200  per  cent,  and  preferable  for  trees  over  11 
in.  when  the  mill  man  owns  the  stumpage,  or  for  the  independent  stump- 
age  owner  when  he  is  paid  for  the  full  saw  output  of  his  logs." 

Preservative  Treatment  of  Timber. 

The  first  attempt  in  this  country  to  prevent  decay  by  treating  wood 
was  in  1838  on  the  North  Central  Railroad.  In  1880  for  the  first  time 
the  U.  S.  Census  undertook  to  ascertain  what  remained  of  our  timber 
resources  and  it  was  found  they  had  been  very  rapidly  depleted.  The 
American  Society  of  Civil  Engineers  then  appointed  a  Committee  to  find 
the  best  methods  of  preserving  wood  in  order  to  lengthen  its  life.  That 
Committee  reported  in  1885.  This  was  followed  by  the  movement  which 
has  culminated  in  the  present  large  wood  preservation  industry  of  the 
country.  The  main  feature  of  this  work  is  to  lengthen  the  life  of  the 
wood,  thereby  preserving  the  forests.  A  further  advantage  is  that  so- 
called  inferior  species  of  timber  may  be  used  in  the  place  of  the  more 
valuable  species,  supplies  of  which  arc  becoming  rapidly  depleted  or  the 
price  is  so  high  as  to  prohibit  their  use  for  certain  purposes, 

Tn  a  report  on  this  matter  in  1010  it  was  stated  that  decay  was  re- 
sponsible for  the  destruction  <>f  about  13  per  cent,  of  this  producl  V 
th.it    time   it    was   I  onsidered   thai    tin    average    life   of   untreated    ties    was    ~ 

while  if  properly  treated  this  could  he  increased  t"  .it  least  17.    It 

was  estimated  that  if  all  tics  used  in  renewal  wew  treated,  there  would 
he  a  saving  <>f  .ihi>ut  58  per  cent,  in  the  Consumption  on  the  basis  of  the 
mileage   at    that    time.     This    reduction    represented   the   growth    in   about 
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7  million  acres  of  well  stocked  forest  land.  The  Committee  recom- 
mended that  the  railroads  adopt  the  policy  of  treating  and  preserving  all 
ties,  piles,  construction  and  other  timber  which  are  subject  to  destruction 
by  decay. 

Utilization  ok  By-Products. 

Until  recent  years  comparatively  little  attention  has  been  paid  to  the 
utilization  of  the  logging  and  mill  wastes  and  of  the  so-called  inferior 
species  of  timber.  This  has  been  especially  true  in  connection  with  the 
hardwood  where  the  difficulty  of  transportation  has  interfered  with  the 
full  utilization  of  this  material.  In  Volume  18,  the  Committee  made  a  full 
report  on  the  by-product  industry  of  Michigan  and  Wisconsin.  It  was 
there  shown  that  the  hardwood  timber  was  being  used  in  the  production 
of  charcoal,  wood  alcohol,  acetate  of  lime  and  wood  creosote  oil.  The 
value  of  these  products  for  those  two  states  amounted  to  $9,077  000.  As 
it  was  estimated  that  this  was  40  per  cent,  of  the  total  output  of  the 
United  States  the  entire  saving  from  wood  smoke  was  considered  to  be 
approximately  $22,692,500.  These  industries  used  as  raw  material,  in 
the  main,  the  waste  products  from  log  timber  that  was  cut  into  lumber 
and  stock  for  small  wooden  articles.  Only  the  rough,  knotty  logs,  limbs 
or  tops  were  cut  into  kiln   wood. 

Chemical  plants  in  southern  Michigan  were  manufacturing  much  of 
their  product  from  the  slash  where  in  northern  Michigan  it  was  cheaper 
to  use  the  larger  wood  as  a  supply  of  material. 

Reference  is  here  made  to  a  report  prepared  by  R.  K.  Helpherisfihc, 
Jr.,  for  the  U.  S.  Forest  Service,  on  the  progress  of  wood  preservation 
for  the  past  eight  years.  The  document  may  be  obtained  on  application  to 
the    Superintendent    of    Documents,    Washington. 


Appendix   B. 

(U     COAL  RESOURCES  OF  CANADA. 

William    McNab,    Chairman.    Sub-Committee. 

The  coal  resources  and  the  fuel  situation  in  Canada  have  been  dis- 
cussed at  some  length  in  the  previous  reports  of  the  Committee  of  Nat- 
ural Resources.  In  this  report  a  brief  resume  is  given  of  the  outstand- 
ing features  in  connection  with  this  industry. 

War  conditions  have  brought  home  to  the  people  of  Canada  the  criti- 
cal position  in  which  they  stand  with  regard  to  fuel  and  the  necessity 
for  applying  intelligent  study  to  the  whole  question.  In  1916  the  total 
coal  production  of  Canada  amounted  to  nearly  14,500,000  tons,  while  the 
imports  for  the  same  year  exceeded  17,500,000  tons. 

Owing  to  the  greater  demand  for  United  States  coal,  incident  to 
her  entrance  in  the  present  great  war  on  the  side  of  the  Allies,  it  was 
found  necessary  to  place  the  sale  and  distribution  of  coal  in  that  coun- 
try under  a  Fuel  Administrator.  Owing  to  the  scarcity  of  coal  at  lake 
ports  in  the  spring  and  to  the  fact  that  some  200,000  tons  of  coal  had 
been  lost  from  production  through  the  "coal  strike,"  the  Government  of 
Canada  found  it  necessary  to  appoint  a  Fuel  Controller  and  to  place 
the  mines  of  the  district,  formerly  under  strike,  under  a  Controller  of 
Mines.  As  a  result  of  this  action,  while  there  may  be  a  shortage  at  cer- 
tain points,  it  is  believed  that  the  danger  of  a  coal  famine  has  been  averted 
for  this  winter  at  least. 

During  the  year  some  consideration  was  given  by  several  departments 
of  the  Government  to  the  greater  utilization  of  the  lignites  of  the  Prairie 
Provinces.  This  work  is  'of  great  importance  and  there  seems  to  be 
little  doubt  but  that  a  high  grade  domestic  fuel  can  be  made  from  lig- 
nite in   the   form   of  carbonized   briquettes. 

Pulverized  Fuel. 
The  coal  reserves  of   Canada  are   considerable,   but   a   large   propor- 
tion is  unsuitable  for  use  in  the  ordinary  way  as  locomotive  fuel.     The 
coals  of  Manitoba,  Saskatchewan  and  portions  of  Alberta  are  lignite  oi 
sub-bituminous  coal,  high  in  moisture,  and  cannot  be  used  as  locomotive 
fuel  on  account  of  the  liability  of  setting  out  fires  from  excessive  sp;irk 
ing.     In   1916,   the   railways  of   Canada  consumed   over  8,675,000  tons   oi 
coal  and  nearly  50,000,000  gallons  of  fuel-oil,  both  of  which  have,  during 
the  last  few  years,  steadily  increased  in  price    On  account  of  our  large 
imports  of  coal  and   fuel-oil,  anything  that  can  be  done  to  increase   the 
efficiency  of  generating  power  from  coal  or  to  economically  curtail  the  use 
of  fuel-oil  by  the  substitution  of  Canadian  coal  or  lower  grade  "spark 
ing"    fuels    should    be    investigated    and    introduced    as    soon    as    possible 
Coal   or    lignite   burned    in    the    powdered    form    does    not    produce    sp.irkv 

but  burns  in  ;i  similai   in.innei   to  .t  gas.     During  tin'  last   few    year;;  tin 
class  of  furl  b;'.s  been  used  with  success  in  connection  with  locomotives, 
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stationary  boilers,  and  various  metallurgical  industries.  It  is  anticipated 
that,  within  a  short  time,  it  will  be  used  to  a  much  greater  extent  in 
Canada.  In  this  connection,  it  is  of  interest  to  note  that  one  of  the 
large  manufacturers  of  high  grade  steel  in  Montreal  has  recently  adopted 
it  in  his  boilers  and  heating  furnaces. 

Canada  was  the  pioneer  in  successfully  using  powdered  fuel  in  con- 
nection with  the  smelting  of  the  copper-nickel  ores  of  the  Sudbury  dis- 
trict. 

By-product  coke  ovens  are  gradually  being  introduced  in  Canada  in 
place  of  beehive  ovens,  which  waste  valuable  by-products  such  as  gas, 
tar  and  ammonia.  There  are  in  the  Dominion  of  Canada  at  the  present 
time  approximately  2600  coke  ovens;  of  these,  910  are  by-product  ovens 
producing  about  80  per  cent,  of  the  coke  output.  The  rest,  amounting 
to  about  1700  ovens,  convert  the  coal  into  coke  without  saving  the 
by-products.  The  Granby  Consolidated  Mining,  Smelting  &  Power  Com- 
pany are  installing  thirty  by-product  coke  ovens  in  connection  with  their 
smelter  at  Anyox,  British  Columbia. 

IRON  AND  STEEL. 
Electric  Smelting. 

About  fifteen  years  ago,  the  Dominion  Government  carried  on  an 
extensive  investigation  of  the  possibilities  of  electric  smelting.  When 
this  investigation  was  made  the  general  opinion  prevailed  that  the  time 
was  far  distant  when  electric  smelting  would  be  carried  into  practical 
operation  in  Canada.  It  is,  therefore,  of  interest  to  note  that  electric 
smelting  is  now  in  full  operation  in  Canada. 

There  are,  at  the  present  time,  32  Heroult  electric  furnaces  in  Canada 
and  22  of  other  types — in  all  54  furnaces  using  the  electric  process.  These 
furnaces  have  a  capacity  of  173,000  tons  of  iron  and  steel,  50,000  tons  of 
ferro-silicon  and  8,000  tons  of  other  ferro-alloys  per  annum.  The  British 
Forgings  plant  at  Toronto  has  10  electric  furnaces  having  a  total  capacity 
of  about  72,000  tons  per  annum,  making  it  the  largest  electric  process 
steel  plant  in  the  world. 

Steel  for  Shell  Making. 

An  interesting  development  with  respect  to  steel  for  shell  making  has 
an  important  bearing  on  conservation.  At  the  beginning  of  the  war,  all 
shells  manufactured  in  England  were  made  from  acid  steel.  Practically 
all  steel  made  in  Canada  was  basic  steel.  Canadian  manufacturers  had 
never  made  shells  and  it  was  not  certain  that  they  could  meet  the  require- 
ments of  the  British  War  Office.  At  the  same  time,  changing  from  the 
manufacture  of  basic  steel  to  acid  steel  presented  many  serious  difficul- 
ties and  would  evolve  enormous  expense.  However,  Colonel  Cantley, 
Nova  Scotia  Steel  &  Coal  Company,  demonstrated  that  shrapnel  shells 
that  would  meet  all  requirements  could  be  manufactured  from  basic  steel. 
Later,  Canadian  manufacturers  also  demonstrated  that  high  explosive 
shells  that  met  all  tests  demanded  by  the  War  Office  could  also  be 
manufactured  from  basic  steel. 
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At  the  present  time,  250,000  people  are  employed  in  connection  with 
the  manufacture  of  munitions  ;  there  are  650  plants  in  144  cities  and  towns 
in  Canada,  with  a  total  capacity,  per  annum,  of  42,000,000  high  explosive 
and  shrapnel  shells,  varying  from  18-pounders  to  9.2  inch.  This  output 
requires  about  1,250,000  tons  of  steel,  250,000,000  lbs.  of  brass,  75,000,000 
lbs.  of  copper,  25,000,000  lbs.  of  zinc,  150,000,000  lbs.  of  lead  and 
20,000,000  lbs.  of  antimony.  It  also  requires  130,000,000  lbs.  of  explo- 
sives—50,000,000  lbs.  of  cordite,  50,000,000  lbs.  of  tri-nitro-tuluol.  About 
170  million  feet  of  board  are  used  in  making  the  boxes  for  these  ship- 
ments of  shells. 

The  total  value  of  munition  orders  to  May  last  was  $800,000,000  and 
the  value  of  munitions  shipped  was  $500,000,000.  These  munition  orders 
have  tremendously  stimulated  the  metal  and  many  other  industries,  notably 
the  recovery  of  by-products  from  the  coke  oven  plants. 

It  is  impossible  to  properly  assess  the  value  to  the  community  of  the 
standardizing  of  methods  and  processes  and  the  high  degree  of  skill 
required  to  produce  a  product  that  is  gaged  to  within  one  three- 
thousandth  part  of  an  inch  and  check-gaged  to  one  ten-thousandth  part 
of  an  inch.  Over  250,000  workers  have  become  skilled  in  such  processes 
and  in  the  use  of  such  tools  and  gages. 

MEMORANDUM  ON   WATER   POWER    FOR   RAILWAY 
PURPOSES. 

The  interests  which  railways  have  in  water  powers  may  be  classed 
as  indirect  and  direct.  The  former  is  probably  by  far  the  most  important 
of  the  two  and  relates  to  increase  in  traffic  brought  about  by  the  indus- 
trial development  which  water  powers  have  made  possible.  The  direct 
connection  between  railways  and  water  powers  comes  through  their  elec- 
trification by  utilizing  the  latter  in  the  supply  of  hydro-electric  energy 

That  main  line  electrification  of  railways  has  not  been  more  exten- 
sive in  Canada  is  not  due  to  lack  of  water  power  possibilities,  but  rather 
owing  to  tlie  more  important  factors  connected  with  this  question,  such 
as  amount  of  traffic,   frequency  of  service,   etc. 

Thus    far,   if   we    exclud<    street    and    Suburban    lines,    railway    elect  rili 

cation  in  Canada  lias  been  confined  to  serve  special  purposes  such  as  in 
the  Canadian  Northern  Railway  Tunnel,  at  Montreal;  the  St.  Clair 
runnel  of  the  Grand  Trunk  Railway,  and  the  Detroit  Tunnel  of  the 
Michigan   Central   Railroad. 

Several  Canadian  railways  have  adopted  clcctriritv  for  suburban 
and  mterurban  service,  particularly  near  large  centers  and  m  southwestern 
Ontario.  \t  the  end  of  June.  1916,  some  32  of  these  railways  were  iri 
operation.  85  per  cent,   of  them   obtaining   their  electric   energy   from   water 

power.     If   we  include  the  eit\    mileage  the\    represent   .i   total   <<i    l  i'>- 

miles  oi    single  track  and   a  capital   of   n,-.nl\    $94,000,000 

While  main  line  electrification  on  ,i  large  scale  for  purely  econbfni< 

reasons     may    yet     be     far     remote,     We     ma\      look     forward     to     a     iiutn 

bei    oi    possibilities   in    the    near    Future    from    the    indirect    benefits    ol 

Hrctrir    operation       These    often    -ire    controlling    in    anv    ins!. ill., |i,, u.    and 
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among  them  may  be  mentioned  smoke  elimination  in  tunnels  and  under- 
ground terminals,  overcoming  the  smoke  nuisance  on  surface  lines  in 
large  centers,  and  increased  comfort,  speed  and  attractiveness  in  pas- 
senger service.  Whatever  may  be  the  future  of  electrification  in  Canada, 
and  whether  conditions  warrant  it  to  be  effected  on  a  large  or  small 
scale,  the  generously  distributed  water  powers  of  this  country  will  always 
be  an  additional  incentive  in  any  project  of  this  character.  In  many 
cases  hydro-electric  power  stations  will  be  found  already  in  operation 
at  convenient  intervals  from  which  energy  could  be  secured  in  block 
without  necessitating  extra  expenses  for  development.  With  the  excep- 
tion of  that  portion  of  the  Prairie  Provinces,  south  of  Edmonton  between 
Brandon  and  Red  Deer,  water  powers  for  railway  electricfication  may 
be  found  throughout  the  whole  Dominion.  In  some  cases,  however, 
storage  conservation  may  have  to  be  resorted  to  to  provide  sufficient 
energy  continuously. 

TREE  PLANTING  AND  GENERAL  REFORESTATION 

Nowhere  in  Canada  is  the  reforestation  of  denuded  lands  being 
carried  on  in  more  than  an  experimental  or  small  scale  way.  Neither 
the  provinces  nor  the  Dominion  Government  have  definitely  taken  up, 
on  more  than  the  smallest  scale,  the  reforestation  of  denuded  Crown 
lands.  The  great  bulk  of  the  forest  planting  that  has  been  done  in 
Canada  has  been  due  to  the  efforts  of  a  few  of  the  more  progressive 
companies,  for  the  most  part  pulp  and  paper  companies.  At  least  a 
very  large  percentage  of  this  planting  has  been  upon  Crown  granted 
lands,  due  to  the  lack  of  any  definite  governmental  policy  for  the  encour- 
agement of  planting  operations  on  Crown  lands  by  private  concerns. 
Due  to  the  long-time  element  involved  and  to  the  uncertainty  of  govern- 
mental policies,  it  is  to  be  anticipated  that  the  planting  work  of  private 
companies  will  be  for  the  most  part  confined  to  privately-owned  lands. 
However,  to  bring  this  about  on  any  large  scale,  it  will  be  necessary  for 
the  governments  concerned  to  enact  legislation  which  will  prevent  the 
confiscation  of  the  property  interests  in  question  through  the  operation 
of  the  general  property  tax.  In  a  number  of  the  states  this  matter  has 
received  considerable  attention,  and  the  effort  has  been  made  to  en- 
courage forest  planting  by  legislation  providing  for  a  fixed  moderate 
taxation  during  the  period  required  for  the  plantation  to  reach  maturity, 
the  bulk  of  the  tax  being  payable  when  the  crop  is  harvested.  The 
general  property  tax,  as  applied  to  forest  properties,  has  the  effect  of 
forcing  logging  operations,  rather  than  of  encouraging  the  holding  of 
the  timber  for  future  use.  In  the  case  of  a  forest  plantation,  either  the 
whole  tax  should  be  deferred  for  some  stated  number  of  years,  or 
else  the  annual  tax  should  be  based  upon  the  value  of  the  land  alone, 
leaving  the  forest  crop  to  be  taxed  when  it  is  harvested  at  the  end  of 
the  rotation.  It  is  understood  that  the  government  of  Quebec  has  under 
consideration  the  adoption  of  special  tax  legislation  calculated  to  en- 
tourage the  establishment  of  forest  plantations  on  non-agricultural  lands. 
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The   growing   importance    of   the   pulp    and   paper    industries    in    Canada 
renders  this  matter  of  great  economic  importance  to  the  country. 

For  the  production  of  lumber,  box  boards,  etc.,  white  pine  has  been 
regarded  as  one  of  the  most  desirable  species  for  planting  in  eastern 
Canada.  However,  the  existence  of  the  white  pine  blister  disease  in 
both  Ontario  and  Quebec  renders  at  least  doubtful  the  advisability  of 
planting  white  *pine  on  any  large  scale,  until  more  definite  information 
is  available  as  to  the  possibility  of  controlling  the  spread  of  the  pine 
blister  disease.  Southern  Ontario  is  already  quite  heavily  infected  and 
the  disease  has  been  found  in  a  number  of  counties  in  Quebec.  Com- 
petent authorities  consider  that  it  is  not  feasible,  from  a  practical  view- 
point, to  eradicate  the  disease  from  the  districts  already  heavily  infected. 
It  is,  however,  believed  that  much  may  be  done  to  control  or  retard  the 
spread  of  the  disease  to  areas  where  it  is  not  already  found,  and  to 
minimize  its  injurious  effects  where  its  occurrence  is  apparently  threat- 
ening the  white  pine  forests  of  a  given  district.  The  Dominion  Govern- 
ment and  the  Provincial  Governments  of  Ontario  and  Quebec  have  this 
matter  in  hand. 

Planting  in  Quebec. 

The  Quebec  Forest  Service  maintains  a  large  nursery  at  Berthier- 
ville,  from  which  a  total  of  approximately  1,500,000  forest  tree  seedlings 
have  been  shipped,  mostly  to  pulp  and  paper  companies.  Some  experi- 
mental plantations  have  been  made  by  the  province  in  the  vicinity  of 
Berthicrvillc,  but  no  definite  policy  of  reforesting  Crown  land--  has  been 
adopted.  This  is  one  of  the  matters  which  the  Government  of  Quebec 
should  take  up  vigorously.  Some  experimental  plantations  have  been 
made  on  the  sand  dunes  near  Lachute,  but  this  work  has,  for  the  most 
part,   been    discontinued. 

The  Laurentirle  Company,  Ltd.,  has  taken  the  lead  in  the  matter 
of  forest  planting.  This  Company  had,  up  to  the  end  of  1916,  planted 
up  a  total  of  400  acres  to  spruce  and  pine,  mostly  Norway  spruce.  Their 
nursery  has  been  considerably  extended  with  a  view  to  a  large  increase 
in  the  planting  program.  It  is  anticipated  that  white  spruce  will  be 
planted  on  a  large  scale.  All  the  land  upon  which  planting  has  been 
done   or  is  contemplated   by   this   company   is   Crown    granted   land. 

\  small  amount  of  planting  work  has  been  done  by  the  Rio'rdan 
Pulp  and  Paper  Company,  and  it  is  understood  that  a  considerable  exten- 
sion   of   this    work   is   contemplated. 

Some  years  ago  a  small  plantation  was  made  by  the  Rclgo  Canadian 
Pulp  and  Paper  Company,  hut  this  work  was  not  continued.  Practically 
the   same   is   true  of   the   Pejcpsrot   Company. 

Planting  tn  Ontario. 
The  Forestry  Rranch,  Department  of  1  awls,  Forests  .mil  Mines  of 
Ontario,  maintains  a  forest  nursery  and  planting  station  in  Norfolk 
County.  However,  a  very  large  percentage  of  the  plant  stock  from  this 
nnrsrrv  is  furnished  to  farmers  throughout  the  province.  A  number 
of  plantations  have  been  made  upon  the  nursery  station  but  not   even   ■ 
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beginning  has  been  made  toward  the  reforestation  of  denuded  Crown 
lands  in  general.  In  a  few  cases,  small  plantations  have  been  made 
with  a  view  to  the  control  of  drifting  sands,  especially  where  such 
sands  threaten  the  destruction  of  highways,  cultivable  lands  or  other 
property. 

Dominion   Lands. 

The  Dominion  Forestry  Branch  maintains  two  forest  nurseries,  at 
Indian  Head  and  Sutherland,  Saskatchewan,  respectively.  From  these 
nurseries  about  4,000,000  seedlings  and  cuttings  are  distributed  annually 
to  farmers  throughout  the  prairie  provinces.  The  great  bulk  of  the 
plant  material  is  of  hardwood  species  for  windbreaks,  shelter  belts,  etc. 
Only  the  smallest  beginning  has  been  made  toward  the  reforestation  of 
denuded  lands  on  the  Dominion  forest  reserves.  This  work  is  still  in 
the  experimental  stage,  but  should  be  extended  to  a  scale  commensurate 
with  the  size  of  the  problem   involved. 

Work  by  the  Railways. 
Considerable  work  has  been  done  by  the  Canadian  Pacific  Railway 
in  the  direction  of  tree  planting  to  replace  portable  snow  fences.  This 
work  was  first  carried  on  in  the  prairie  provinces,  and  the  results  se- 
cured are  reported  as  being  quite  satisfactory.  It  may  be  interesting  to 
know  that  on  a  section  of  the  Canadian  Government  Railways — between 
Campbcllton,  N.  B.,  and  Bathurst,  N.  B. — there  are  spruce  hedges 
primarily  planted  in  order  to  protect  the  track  from  snow  drifts,  and 
which  have  in  the  course  of  years  not  only  proved  effective  in  that 
respect,  but  have  appealed  to   the  artistic  taste  of  travelers. 

USE  OF  TREATED  TIMBER  AND  OF  PERMANENT  MATERIALS 
TO  REPLACE  UNTREATED  TIMBER  AND  BARE  STEEL. 

In  the  absence  of  a  specific  investigation  along  this  line  compara- 
tively little  information  is  available.  So  far  as  the  forestry  work  is  con- 
cerned, the  question  becomes  largely  one  of  the  use  of  treated  timber. 
The  most  interesting  aspect  of  this  problem,  especially  from  the  railway 
point  of  view,  is  the  preservative  treatment  of  cross-tics.  It  is  noted, 
for  example,  that  while  only  a  relatively  small  beginning  has  been  made 
in  the  preservative  treatment  of  railway  ties  in  Canada,  approximately 
one-third  of  the  ties  used  by  railways  in  the  United  States  are  given 
preservative  treatment.  One  difficulty  in  the  way  of  the  general  use  of 
treated  ties  by  Canadian  railways  is. the  fact  that  there  are,  so  far  as 
known,  only  five  plants  in  Canada  at  which  railway  ties  can  be  given 
preservative  treatment  on  a  commercial  scale.  These  plants  are  at 
Vancouver,  B.  C. ;  Transcona,  Manitoba ;  Fort  Frances  and  Trenton, 
Ontario,  and  Sydney,  N.  S.  It  will  thus  be  noted,  for  example,  that 
for  Quebec  and  the  greater  portion  <>i  Ontario,  no  tie-treating  plants  are 
conveniently  accessible.  From  one-third  to  nearly  one-half  of  the  ties 
used  in  Canada  are  jackpine.  The  increasing  price  and  decreasing 
supplies    of   accessible   material    of    this    species    suitable    for    the    manu- 
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facture  of  ties,  are  necessarily  bringing  about  serious  consideration  of 
the  use  of  hardwoods,  including  birch,  maple  and  beech.  Of  these, 
there  are  very  large  supplies  of  birch  available  in  the  more  northerly 
forests  of  eastern  Canada.  Beyond  any  question,  the  hardwoods  are 
admirably  adapted  to  use  as  railway  ties  providing  they  are  given  pre- 
servative treatment.  This  is  indicated  by  the  fact  that  between  two 
and  a  half  and  three  million  ties  of  beech,  birch  and  maple  are 
now  used  annually  in  the  United  States.  The  use  of  these  species 
has  increased  rapidly,  the  use  of  birch  being  first  reported  on  a  material 
scale  in  1915. 

In  Canada,  the  use  of  birch  for  railway  ties  is  in  its  infancy.  Ex- 
perience generally  appears  to  indicate  clearly  that  the  use  of  birch  ties 
without  preservative  treatment  is  undesirable,  since  the  life  of  such 
ties  is  restricted  to  four  or  five  years.  However,  with  preservative 
treatment,  the  evidence  indicates  that  such  ties  will  have  a  life  of 
twenty  to  twenty-five  years. 

Specific  information  with  respect  to  this  has  been  secured  from  the 
New  York  Central  and  Toronto,  Hamilton  &  Buffalo  Railways.  G.  W. 
Vaughan,  Engineer  Maintenance  of  Way  of  the  New  York  Central 
Railroad  Company,  reports  that  during  the  past  four  years  the  Company 
has  used  about  98,000  yellow  or  red  birch  ties.  All  of  these  have  been 
treated  with  creosote  at  a  cost  of  approximately  31  cents  per  tie.  Mr. 
Vaughan  states  that  he  considers  the  life  of  birch  ties  untreated  to 
be  four  years  and  treated  about  20  years.  R.  L.  Latham,  Chief  Engi- 
neer, Toronto,  Hamilton  &  Buffalo  Railway,  reports  that  his  Company 
has  been  using  from  20,000  to  25,000  birch,  beech  and  maple  ties  per 
annum  during  the  past  three  years.  Of  these,  approximately  40  per  cent, 
were  birch,  mostly  yellow  birch.  All  of  these  ties  have  been  given  a 
treatment  of  approximately  two  and  a  half  gallons  of  creosote  per  tie. 
Mr.  Latham  considers  the  average  life  of  an  untreated  tie  to  be  appmxi 
mately  five  years  and  of  a  creosoted  tie  from  20  to  25  years.  The 
experience  of  this  company  is  that  beech,  birch  and  maple  all  take  treat- 
ment nicely  and  give  splendid  service  when  given  the  proper  creosote 
treatment. 

It  is  believed  that  the  railway  companies  in  Canada  could  render  a 
very  great  service  in  forest  conservation  by  investigating  most  carefully 
the  possible  use  of  yellow  birch  for  railway  ties  and  by  bringing  about, 
in  one  way  or  another,  the  construction  of  additional  plants  for  giving 
preservative  treatment  to  ties  and  other  timbers. 

As  a  matter  of  general  interest,  reference  is  here  made  to  a  bulletin 
entitled  "The  Substitution  of  Other  Materials  for  Wood,"  this  being 
Report    No.    117,    Office    of    the    Secretary,    U.    S     Department    of    Agri 

culture.  The  author  of  this  bulletin  is  Rolf  Thelen,  Engineer  in  Foresl 
Products,  U.  S.  Forest  Service.     In  addition  to  a  large  amount  of  othei 

data,  this  bulletin  contains  statistics  of  production,  consumption  and 
substitution  of  other  materials  for  wood  in  connection  with  bridges, 
Culverts,   trestles,   cross  tics,   mine  timbers,   etc 
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RELATION  OF  RAILWAYS  TO  CONSERVATION  PROJECTS. 

The  relation  of  the  railways  to  forest  planting  and  wood  preserva- 
tion has  been  touched  upon  briefly  in  the  two  preceding  sections  of  this 
memorandum. 

Forest  fire  protection  is  another  conservation  problem  in  which  the 
railways  are  interested  both  directly  and  indirectly.  Information  received 
through  the  Fire  Inspection  Department  of  the  Railway  Commission 
indicates  that  on  the  whole  very  gratifying  progress  has  been  made  in 
the  direction  of  reducing  fire  losses  along  railway  lines,  due  to  railway 
agencies^  Large  areas  of  cut-over  and  burned-over  non-agricultural 
lands  along  railway  lines  throughout  Canada  are  again  growing  up  to 
young  forest,  and  it  is  of  great  importance  that  such  reproducing  area- 
be  saved  from  further  damage  by  fire.  Such  a  course  would  add  greatly 
to  the  attractiveness  of  the  country  from  a  tourist  point  of  view,  to  say 
nothing  of  reducing  damage  claims  and  the  prospect  for  future  freight 
traffic  when  such  forests  reach  maturity.  Considering  the  enormous 
areas  involved,  the  prospects  for  future  freight  traffic  from  areas  now 
carrying  young  forest  growth  are  well  worth  the  most  careful  consid- 
eration. Such  areas  will  also  serve  as  a  source  of  supply  for  cross-ties, 
poles,  posts  and  other  timbers  necessary  to  railway  maintenance  and 
operation. 

From  every  point  of  view,  the  railways  are  interested  in  securing 
adequate  protection  of  the  forests  against  fires,  in  the  districts  through 
which  they  operate.  Railway  officials  should  accordingly  inform  them- 
selves with  respect  to  this  matter  and  at  every  opportunity  exert  their 
influence  in  favor  of  more  adequate  methods  of  forest  fire  protection, 
whether  by  private  agencies  or  governmental   organizations. 
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Committee. 
To  the  American  Railway  F-ngineering  Association: 

Your  Committee  on  Records  and  Accounts  submits  herewith  its  report 
to  the  Nineteenth  Annual  Convention. 

The   following  subjects  were  assigned   the  Committee  by  the  Board 
of  Direction,  which  were  referred  to  Sub-Cnmmittees,  as  indicated: 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual  and 
submit  definite  recommendations  for  changes. 

J.  H.  Reinholdt,  Chairman  ;  H.  M.  Stout,  Geo.  D.  Hill. 

2.  Report  on   the   use  of   small    forms   on   cardboard   or   other   suitable 
material  for  use  of  fieldmen  in  making  daily  reports,  to  the  end  that 
supervision  may  be   facilitated  and  efficiency  encouraged. 
Huntington   Smith,   Chairman  ;   W.   S.   Danes,  W.  A.   Christian. 

3.  Report  oh  feasible  and  useful  sub-divisions  of  the  Interstate  Com- 
merce Commission  "Classification  of  Investment  in  Road  and  Equip- 
ment" and  "Classification  of  Operating  Expenses  of  Steam  Roads." 
Henry  Lehn,  Chairman  ;  M.  C.  Byers,  Lester  Bernstein. 

4.  Report  on  various  methods  of  reproducing  maps  and  profiles  on 
tracing  linen  for  permanent  record. 

W.  A.  Christian,  Chairman. 

5.  Make  a  comprehensive  study  of  the  problems  of  recording  and  re- 
porting the  cost  of  additions  and  betterments. 

R.  C.  Sattley,  Chairman;  \V.  D.     Wiggins,   F.  I..  Beat 

6.  Submit  specifications  for  maps  and  profiles,  co-ordinating  them  with 
previous   work   of   the   Association. 

J.  11.  Milburn,  Chairman;  J.  C.  Patterson,  Huntington  Smith. 

7.  Report  on  valuation  forms  now  in  use  and  recommend  forms  for 
both  field  and  office  use. 

Geo.  I).   Hill,  Chairman;   K    C.  Sattley,  .1.  W.  Fox. 
H.    Reporl  on  cost  keeping  methods  ami  statistical  records 
II.   I'.ortin,  (  liairman  ;  B.   B.   Harris.   Ilenrv    lehn. 

9    Report   on   a   systematic   arrangement    for   final   plans   m   connection 
with  estimati 
l    '     Patterson,  Chairman.;   I    ll    Milburn,  B.  B,   Harris 

lo    Reporl  on  the  allocation  of  maintenance  of  u.n   expenses  to  passen 

•■•ii   and  I 

I  ester  Bernstein,  Chairman;  II.  Bortin,  \!    C    Byers,  I    \\     l'o\ 
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11     Report  on  additional  definitions. 

W.  D.  Wiggins,  Chairman;  W.  S.  Danes,  J.  H.  Reinholdt. 
12.    Report  on  the  following  forms : 

For  Maintenance  of  Way  and  Structures  : 

(a)  Monthly  report  of  Track  Tools. 

(b)  Monthly  report  of  Roadway  Machines. 

(c)  Final  report  of  Materials  used  in  Tracks. 
For  Construction : 

(a)  Monthly  estimates  of  Work  done  by  Contractors. 

(b)  Track-laying  Reports. 

(c)  Track-Ballasting  Reports. 

(d)  Keeping  Material  Account. 

(e)  Keeping  Itemized  Cost  Record. 

(f)  Final  Detailed  Report  and  Record. 
For  Records : 

(a)  Building  Record. 

(b)  Water  Service  Record. 

(c)  Fuel   Station  Record. 

(d)  Shop  Machinery  and  Tool  Record. 

H.  M.  Stout,  Chairman;  G.  T.  Kuntz,  F.  L.  Beal. 

COMMITTEE   MEETINGS. 

The  General  Committee  has  held  no  meetings  during  the  year,  owing 
to  the  prevailing  conditions,  but  the  work  has  been  carried  on  by  corre- 
spondence. Meetings  of  the  several  Sub-Committees  have  been  held  at 
various  times  and  places. 

(1)     REVISION  OF  THE  MANUAL. 

The  Committee  has  no  specific  recommendations  to  make  for  changes 
in  the  Manual,  but  submits,  in  Appendix  A,  a  brief  discussion  on  stand- 
ardization of  forms  and  stationery,  and  also  suggests  that  consideration 
be  given  to  reducing  the  number  of  forms  and  reports  in  the  Mainte- 
nance of  Way  Department. 

(2)     THE  USE  OF  SMALL  FORMS  ON  CARDBOARD  OR  OTHER 
SUITABLE  MATERIAL  BY  FIELDMEN. 

This  subject  is  under  consideration  by  the  Sub-Committee,  but  the 
study  has  not  progressed  sufficiently  to  make  a  report  at  this  time. 

(3)     SUB-DIVISIONS  OF  I.  C.  C.   CLASSIFICATION   OF 
INVESTMENT  IN  ROAD  AND  EQUIPMENT. 

In  the  report  submitted  in  1917  the  Committee  presented  a  discus- 
sion of  desirable  changes  in  the  Sub-Divisions  of  the  I.  C.  C.  Road  and 
Equipment  Classification,  which  was  received  as  information.  The  Com- 
mittee reports  progress  on  this  subject  for  the  present,  and  suggests 
that  it  be  reassigned  for  the  current  year. 

(4)     METHODS  OF  REPRODUCING  MAPS  AND  PROFILES  ON 
TRACING  LINEN  FOR  PERMANENT  RECORD. 

In  its  report  for  1916  (see  Proceedings,  Vol.  17,  pp.  419,  420)  the 
Committee   presented    such   data   as   it   had   been    able   to   accumulate   on 
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this  subject.  There  have  been  no  new  developments  in  this  matter,  as 
far  as  the  Committee  has  been  able  to  ascertain,  since  that  report  was 
submitted,  and  we  have  therefore  no  report  to  present.  It  is  further 
suggested  that  this  subject  be  discontinued. 

(5)     RECORDING  AND  REPORTING  COST  OF  ADDITIONS  AND 
BETTERMENTS. 

In  Vol.  18,  Proceedings  for  1917,  the  Committee  presented  four 
tentative  forms  for  the  use  of  railroad  companies  under  Federal  valua- 
tion for  reporting  addition  and  betterment  work.  These  four  tentative 
forms  were  received  as  information  at  the  last  annual  convention.  The 
Committee  has  no  further  report  to  make  on  this  subject  at  the  present 
time. 

(6)     SPECIFICATIONS    FOR    MAPS    AND    PROFILES. 

On  pp.  759-768  of  Vol.  18,  Proceedings  for  1917,  the  Committee  sub- 
mitted Specifications  for  Maps  and  Profiles,  which  were  received  as  in- 
formation at  the  last  annual  convention. 

These  specifications  have  now  been  before  the  members  for  one 
year,  but  no  comments  or  criticism  has  been  received  by  the  Committee 
during  the  year.  The  Committee  therefore  submits  the  Specifications 
for  Maps  and  Profiles,  as  shown  on  pp.  759-768  of  the  Proceedings  for 
1917  for  approval  and  publication  in  the  Manual.  In  the  interest  of 
economy  in  printing,  the  matter  is  not  reprinted  lure,  but  reference  is 
giveM  to  the  specifications,  as  above. 

(7)     VALUATION  FORMS  FOR  BOTH   FIELD  AND  OFFICE  USE. 

In  response  to  a  circular  addressed  to  Valuation  Engineers  of  rail- 
roads represented  in  the  Association,  the  Committee  obtained  a  large 
amount  of  most  valuable  information.  This  data  has  been  carefully 
studied  by  the  Committee,  and  after  due  consideration  it  has  been 
decided  not  to  recommend  any  additional  valuation  forms  at  this  time. 
One  reason  for  this  conclusion  is  that  the  subject  was  quite  fully  covered 
in  the  last  annual  report  of  the  Committee  (see  Vol'.  18,  Proceeding 
for  1917),  consisting  of  a  large  number  of  typical  valuation  forms;  an 
additional  reason  is  the  difficulty  of  devising  forms  to  cover  the  great 
variation   of   local  conditions   existing   in   different    sections  ..f   the   country 

It  is  therefore  the  suggestion  of  the  Committee  that  the  various 
forms  collected  by  it  be  placed  on  file  in  tin-  office  <<\  the  Association 
for  the  inspection  and  use  oi  anyone  interested. 

The  Committee  desires  to  place  on  record  its  appreciation  of  the 
generous  responses  to  its  request   foi   tsformBeionl 

(*>     COST-KEEPING  METHODS    AND  STATISTICAL' RECORDS 

The   Committee   during   the   past    year   has   gjven   considerable   time 

and  study  to  iliis  topic.  but  is  n^t  prepared  t"  present   .i  definite  report 
at  the  present  tune 


no  RECORDS  AND  ACCOUNTS. 

All  the  known  available  sources  of  information  have  been  consulted, 
but  it  has  been  found  that  there  is  a  dearth  of  suitable  data  on  which 
to  base  a  conclusive  report. 

The  Committee  has  been  impressed  with  the  widespread  interest 
manifested  in  this  subject,  and  suggests  that  it  be  reassigned  for  further 
study. 

(9)     SYSTEMATIC  ARRANGEMENT  FOR  FINAL  PLANS  IN 
CONNECTION   WITH    ESTIMATES. 

On  this  subject  the  Committee  reports  progress  and  requests  that  it 
be  reassigned. 

(10)  ALLOCATION  OF  MAINTENANCE  OF  WAY  EXPENSES 
TO  PASSENGER  AND  FREIGHT. 

The  Committee  has  made  some  progress  on  this  subject,  its  activi- 
ties having  been  confined  to  collecting  a  list  of  references  to  published 
data  and  digesting  the  great  amount  of  matter  that  has  appeared  on  this 
topic. 

Progress  is  therefore  reported  for  the  present,  with  the  request 
that  the  subject  be  reassigned. 

(11)  ADDITIONAL  DEFINITIONS. 
The  Committee  has  interpreted  this  subject  to  mean  definitions  cov- 
ering valuation  matters,  and  in  accordance  with  that  understanding  it 
is  preparing  a  series  of  definitions  pertaining  to  valuation  of  railroads. 
but  it  not  prepared  to  submit  them  with  this  report,  preferring  to  give 
more  consideration  to  the  proposed  glossary  of  terms.  It  is  therefore 
the  request  of  the  Committee  that  this  subject  be  again  assigned  to  it 
for  the  coming  year. 

(12)     VARIOUS  MAINTENANCE  OF  WAY  DEPARTMENT 

FORMS. 
The  Committee  has  gathered  some  data  to  aid  it  in  making  a  report 
on  this  subject,  but  owing  to  the  unusual  conditions  prevailing  during  the 
past  year,  it  has  not  been  feasible  to  make  a  report.  The  information 
collected  is  being  made  use  of  in  studying  the  matter,  and  it  is  hoped 
to  present  something  to  the  Association  at  its  next  annual  meeting  that 
will  be  of  value.  In  the  meantime  we  ask  that  it  be  again  referred  tp 
us  for  the  current  year. 

CONCLUSIONS. 

1.  Your  Committee  recommends  that  the  "Specifications  for  Maps 
and  Profiles,"  shown  on  pp.  759-768  of  Vol.  18,  Proceedings  for  1917. 
be  adopted  and  published  in  the  Manual. 

KKCOMMENDATIONS   FOR   FUTURE  WORK. 
Your   Committee  recommends   that  all   subjects   assigned   it  last  year, 
with   the   exception   of   No.   4,   be   again    referred   to  it    for   the   current 
year  Respectfully  submitted, 

THE    CoNfMITTFK   ON    RECORDS    ANP    ACCOUNTS. 


Appendix  A. 
(1)     REVISION   OF   MANUAL. 

The  subject-matter  in  the  Manual  under  the  head  of  Records  and 
Accounts  lias  been  carefully  considered  by  the  Committee  during  the 
past  year,   but   no   specific   changes   are   recommended   at   this   time. 

The  Committee  desires,  however,  to  call  attention  to  the  desirability 
of  reducing  the  number  of  forms  used  in  the  Maintenance  of  Way 
Department  in  the  interest  of  economy  and  efficiency.  As  an  illustration 
may  be  cited  the  experience  of  an  official  of  a  large  railway  system,  who, 
after  making  a  careful  analysis  of  the  different  blank  forms  used  in  the 
several  departments,  reduced  the  number  from  1500  to  500.  This  large 
decrease  not  only  involved  a  meat  saving  to  the  railroad  company  in 
clerk  hire  and  for  stenographers,  but  it  also  relieved  the  different  offi- 
cials from  the  unnecessary  labor  of  examining  and  considering  the 
mass  of  details   from   which  no  adequate  results  would  be  obtained. 

Another  feature  to  which  the  Committee  would  call  attention  is  the 
need  for  standardizing  the  sizes  of  forms,  stationery,  specifications,  draw- 
ings, etc.  There  is  no  good  reason  why  one  railroad  should  use  a 
letterhead  of  an  odd  size,  like  8  by  10  inches,  or  one  of  "m  by  12 
inches,  or  other  odd  dimensions,  The  standard  si/e  letterhead  is  81  .- 
by  11  inches,  which  cuts  from  a  sheet  17  by  22  inches  without  waste. 
Anything  differing  from  that  size  is  considered  a  "special,"  and  conse- 
quently costs  more  money. 

Specifications  are  also  made  of  all  sizes  for  no  apparent  reason 
except  precedent.  If  specifications  were  uniformly  written  or  printed 
On  standard  size  sheets,  it  would  effect  a  material  saving  and  would  fit  iu 
any  ordinary  letter  file.  The  same  argument  applies  to  all  sort--  of 
drawings,  which  it  would  be  an  advantage  to  produce  on  letterhead-size 
sheets.  The  use  of  large  sheets  for  drawings,  except  in  special  cases, 
has  been  discontinued  in  many  engineering  offices,  the  drafting  now  being 
done  on  letter-size  paper.  Instead  of  tracing  cloth,  cross-ruled  thin 
paper   from  which  blueprints  can  be  made  is  recommended 
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Committee. 


To   the  American    Rdtlway  Engineering  Association: 

Your  Committee  on  Water  Service  presents  below  its  report  to  the 
Nineteenth  Annual   Convention. 

The  Committee  was  instructed  by  the  Board  of  Direction  to  make  a 
study  and  report  during  the  year  on  the   following  subjects: 

(1)  Make  critical  examination  of  the  subject-matter  in  the  Man- 
ual, and   submit  definite   recommendations   for  changes. 

(2)  Continue  the  study  of  methods  for  complying  with  Federal 
regulations  in  regard  to  purity  of  drinking  water  supplied  to  trains. 

(3)  Make  final  report  on  design  of  impounding  reservoirs,  and 
conditions  under  which  they  are  economical. 

(4)  Make  final  report  on  relative  merits  of  continuous  and  inter- 
mittent water  softeners. 

(5)  Make  final  report  on  rules  or  examination  questions  for  care 
of  boilers  in  pumping  stations. 

(6)  Report   on   organization    for   railway   water   service   department. 

(7)  Report   on   definitions   of   terms   used   in   railway   water   service 

(8)  Report  on  suitable  types  of  water  meters  for  use  in  railway 
water  service,  methods  followed  in  testing  and  reading  meters,  and 
checking  the  consumption  of  city  water. 

COMMITTEE  MEETINGS, 

In  addition  to  various  meetings  of  Sub-Committees,  two  meetings  ol 
the   General   Committee   were   held   in   the  office   of   the    Association   at 

Chicago,   and   one   meeting  at    St     I.oniv 


SUB  C<  IMMITTEES. 

The   following   Sub-Committees   were  appointed   to  make  the   neces 
sarv  investigations  and  prepare  reports  on  the  several  subjects  assigned, 

the    number    ol    the    Sub  Committee    in    i  .u  h    case    being    the    same    as    tin 
number   of    the    subject    in    its   charge: 

Subject  (1)     I     I      Campbell,    Chairman;    I      R     Knowles.    R     H 
( iaims 

Subject  (2)     R.  C    Bardweli. 
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Subject  (3)  E.  H.  Olscn,  Chairman;  A.  F.  Dorley,  F.  T.  Beckett, 
■      A.  Ashhaiighj  J..  D.  Mathews,  W.  A.  Parker. 

Subject  (4)  R.  C.  Bardwcll,  Chairman;  C.  R.  Knowles,  A.  F 
Dorley. 

Subject  (5)  W.  C.  Harvc-y,  Chairman;  C  R.  Knowles,  E.  M. 
Grime. 

Subject   (6)     C.   R.   Knowles,   Chairman;   E.  H.   Brown,  C.   Bucholtz. 

Subject  (7)  C.  R.  Knowles,  Chairman;  J.  L.  Campbell,  R.  C.  Bard- 
well. 

Subject  (8)  E.  G.  Lane,  Chairman;  J.  T.  Andrews,  C.  C.  Cook, 
If.    \'    Rodenbaugh,   \Y.   A.   Murray. 

(1)   REVISION  OF  MANUAL. 

Changes  in  the  Manual  under  the  heading  of  "Water  Service"  in  the 
1915  edition  of  the  Manual  are  recommended  in  Appendix  A. 

(2)   METHODS    FOR    COMPLYING    WITH    FEDERAL    REGULA- 
TIONS  IN  REGARD  TO   DRINKING  WATER 
SUPPLIED  TO  TRAINS. 
A  progress  report  on  this  subject  appears  in  Appendix  B. 

(3)   DESIGN  OF  IMPOUNDING  RESERVOIRS. 

A  large  amount  of  information  has  been  gathered  by  the  Sub-Com- 
mittee having  this  subject  in  hand,  but  it  was  found  impossible  to  com- 
plete the  report  in  time  for  presentation  to  this  convention. 

The  subject  is  an  important  one  on  many  roads,  particularly  those  in 
the  West,  and  the  Committee  hopes,  during  the  coming  year,  to  com- 
plete a  report  on  this  topic,  with  definite  conclusions  and  recommenda- 
tions. 

(4)  RELATIVE    MERITS    OF    CONTINUOUS    AND    INTERMIT- 

TENT WATER  SOFTENERS. 

A  report  on  this   subject  appears   in  Appendix  C,  and   is   submitted 

as   information. 

(5)  RULES    OR    EXAMINATION    QUESTIONS    FOR    CARE    OF 

BOILERS   IN  PUMPING  STATIONS. 

This    subject    is    dealt    with    in    Appendix    D,    and    is    submitted    for 

adoption   and  publication   in   the  Manual. 

(6)  ORGANIZATION   FOR  RAILWAY   WATER   SERVICE 
DEPARTMENTS. 

A  report  on  this  subject  is  made  in  Appendix  E,  and  is  submitted 
as  information. 
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(7)  DEFINITIONS  OF  TERMS. 

Definitions  of  terms  used  in  railway  water  service  are  submitted  in 
Appendix  F   for  adoption   and  publication  in  the  Manual. 

(8)   SUITABLE  TYPES  OF  WATER  METERS  FOR  USE  IN 
RAILWAY  WATER   SERVICE. 

Some  study  of  this  subject  has  been  made  by  the  Committee,  but 
the  report  is  not  in  shape  for  presentation  to  this  convention,  and  the 
Committee  suggests  that  this  subject  be  reassigned  for  study  during 
the  coming  year  and   for  report  to  the  next  convention. 

POLLUTION    OF   WELLS    FROM    OVERLYING   OR   ADJACENT 
CINDER  DEPOSITS. 

As  a  matter  of  interesting  information,  the  Committee  presents  in 
Appendix  G  a  communication  from  Mr.  W.  C  Curd,  Contracting  En- 
gineer, of  the  Layne  &  Bowler  Company,  Memphis,  Tenn.,  on  the  subject 
of  pollution  of  wells  from  overlying  or  adjacent  cinder  deposits. 

The  Committee  did  not  have  an  opportunity  to  make  further  in- 
vestigation, as  suggested  by.  Mr.  Curd,  but  will  do  so,  if  agreeable  to 
the  Board  of  Direction.  The  data  submitted  by  Mr.  Curd  is  presented 
as  useful  information. 

CONCLUSIONS. 

Your  Committee  on  Water  Service  requests  the  following  action 
on   its   report : 

1.  That  the  changes  in  the  subject-matter  on  Water  Service  under 
the  heading,  "Revision  of  Manual,"  be  adopted  and  substituted  for  the 
matter  now  given  in  the  Manual. 

2.  That  the  report  on  methods  for  complying  with  Federal  Regu- 
lations in  regard  to  purity  of  drinking  water  supplied  to  trains  be 
received  as  information., 

3.  That  the  subject  of  the  design  of  impounding  reservoirs  be 
reassigned  to  the  Committee   for  completion  during  the  coming  year. 

4.  That  the  report  on  relative  merits  of  continuous  and  inter 
mittcnt  water   softeners  be   received  as  information. 

5.  That  the  report  on  rules  and  examination  questions  For  rare  o\ 
pumping  stations  be  adopted  by  the  Association  and  inserted  in  the 
Manual. 

6.  That  the  report  on  organization  for  railway  water  service  de 
partments  be   received   as   information. 

7.  That  the  definitions  of  terms  given  in  the  report  on  Subject  No. 
7  be  adopted  by   the   Association    and  inserted   in    the    Manual. 

8.  That  the  Subject  X"  8,  on  suitable  types  for  water  meters  foi 
use  in  rail  water  service,  be  reassigned  to  the  Committee  Foi  stn<l\ 
and  completion  during  the  coming  year 
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SUGGESTED  SUBJECTS  FOR  NEXT  YEAR'S  STUDY  AND 

REPORT. 

1.  Make  final  report  on  design  of  impounding  reservoirs  and  con- 
ditions under  which  they  are  economical. 

2.  Make  final  report  on  suitable  types  of  water  meters  for  use  in 
railway  water  service,  methods  followed  in  testing  and  reading  meters, 
and   checking  the   consumption   of   city   water. 

3.  Continue  the  study  of  methods  for  complying  with  Federal  regu- 
lations in  regard  to  purity  of  drinking  water  supplied  to  the  public 
and  employes  on  interstate  trains. 

4.  Submit  plans  and  recommendations  for  typical  water  station 
layouts. 

5.  Make  a  study  of  prevalent  locomotive  flue  failures  alleged  to  be 
due  to  improper  water  conditions  and  suggest  remedies. 

6.  Revision  of  the  Manual. 

Respectfully  submitted, 

The  Committee  on  Water  Service. 


Appendix  A. 

(1)  REVISION  OF  MANUAL. 

J.  L.  Campbell,  Chairman,  Sub-Committee. 

The  following  changes  in  the  subject-matter  on  Water  Service  ap- 
pearing in  the  1915  edition  of  the  Manual  are  recommended  to  the 
Association : 

Page  443. 
Article  1. 

Manual. — In  locating  water  stations  along  a  railway,  an  investiga- 
tion should  be  made  of  all  the  available  water  supplies,  and  care  should 
be  taken  to  avoid  the  use  of  poor  water,  or  to  curtail  its  use  as  much 
as  possible. 

Suggested    revision. — Location    of    water    stations    and    quality    of 
water  being  factors  affecting  operating  efficiency,   investigation   of  avail- 
able   supplies   should   be   made,   securing   as   nearly   as   practicable    favor- 
able  locations  and  elimination  of  water  of  inferior  quality. 
Article  2. 

Manual. — Most  water  used  in  locomotive  boilers  contains  scale- 
forming  matter  in  solution  or  suspension,  causing  trouble  and  expense 
in  the  operation  and  maintenance  of  locomotives. 

Suggested    revision. — Water   usually   contains    scale    forming   matters 
in   solution  or  suspension   causing  trouble   and  expense  in   operation   and 
maintenance  of  locomotives. 
Article  3. 

Manual. — Hard  water  can  be  softened  before  it  is  put  into  loco- 
motive boilers  1>\    treatment   with  chemicals. 

Suggested  revision.— Hard  water  can  be  softened  by  treatment  with 
chemicals. 

Article  4. 

Manual. — The  hardness  of  water  due  to  carbonates  of  lime  and 
magnesia  can  be  removed  at  a  moderate  expense  for  chemicals  by  the 
use  of  lime  alone,  without  adding  any  soluble  salts  to  the  softened 
water. 

Suggested    revision. — The    hardness    of    water   due    to   carbonates   of 
lime  and  magnesia  can  be  removed  by  use  of  lime,  a  comparatively  in- 
expensivc  chemical. 
Article  5. 

Manual      The  hardness  o-l   water  due  to  sulphates  "'   '"'"'  •""'  n,lw: 

nesia   can    be    removed    by    the    use   of    soda    ash,    a    moic    expensive    chctn- 

ical.     The  chemical   reaction   removes  sulphates  of  lime  and  magnesia, 
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and   leaves   soluble    sulphates   of    soda,   which   increases    the   tendency    to 
foam. 

Suggested  revision. — The  hardness  of  water  due  to  sulphates  of 
lime  and  magnesia  can  be  removed  by  use  of  soda  ash,  a  more  expensive 
chemical.  The  chemical  reaction  leaves  soluble  sulphates  of  soda,  in- 
creasing the  tendency  to  foam. 

Article  6. 

Manual. — The  removal  of  sulphates  of  lime  and  magnesia  is  of 
greater  moment  than  the  removal  of  the  carbonates  alone,  as  the  car- 
bonates of  lime  and  magnesia,  without  the  presence  of  the  sulphates 
of  lime  or  magnesia,  do  not  form  hard  scales,  but  are  precipitated  in 
the  boiler  as  soft  scale  and  mud. 

Suggested    revision. — The    removal    of    sulphates    is    more    important 
than   removal  of  carbonates ;  the  latter  in   absence  of  the   former  being 
precipitated  in  the  boiler  without   forming  hard  scale. 
Article  8. 

Manual. — At  stations  where  hard  water  is  used,  special  study  should 
be  made  relative  to  the  economical  value  of  treating  the  water,  and  the 
method  best  adapted  to  meet  the  conditions. 

Suggested  revision. — When  use  of  hard  water  is  necessary  or  desir- 
able,  study  to  determine  the  best  method  and  the  economical  value  of 
treating  it  should  be  made. 


Article  9. 

Manual.— The  cost  of  installing  a  water- softening  plant  varies  ac- 
cording to  the  capacity  of  the  plant,  its  type,  cost  of  material  and  labor 
in  the  particular  locality,  and  other  local  conditions. 

Suggested  revision. — The  cost  of  installing  a  water-softening  plant 
is  affected  by  its  capacity,  prices  of  material  and  labor  and  locality. 

Page  444. 
Article  10. 

Manual. — The  cost  of  operating  a  water-softening  plant  varies  ac- 
cording to  the  efficiency  of  the  water-softening  apparatus  and  the  cost  of 
lime  and  soda  ash,  or  other  chemicals  available  for  softening  water  in 
the  particular  locality. 

Suggested  revision.— The  cost  of  operating  such  a   plant  is  affected 
by   the   efficiency   of   its   apparatus   and   the   cost   and   efficiency  of   chem- 
icals, labor  and  supervision. 
Article  11. 

Manual.— The  amount  of  chemicals  required  to  soften  water  varies 
according  to  the  quantity  of  hardening  matter  in  the  water,  and  also  its 
composition. 
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Suggested  revision. — The  kind  and  quality  of  chemicals  required  are 
affected  by  the  quality  and  quantity  of  impurities  in  the  water. 

Article  13. 

Manual.- — The  greatest  disadvantage  in  treating  water  is  the  in- 
creased tendency  to  foam,  due  to  the  reaction  of  soda  ash  on  the  sul- 
phates of   lime   and  magnesia. 

It  is  recommended  that  this  article  be  omitted. 

Article  1. 

Manual.-  Special  study  should  be  made  relative  to  the  economical 
value  of  treating  the  water,  and  the  method  best  adapted  to  meet  tin- 
conditions. 

Suggested  revision. — Study  should  be  made  to  determine  the  best 
method  and  the  economical  value  of  treating  the  water,  controlling  con- 
ditions  considered. 

Page  445. 
Article  1. 

Manual. — Adequate  supervision  is  necessary  to  successful  operation 
of  a  softening  plant.  Such  supervision  should  be  exercised  at  least  in 
part  by  a  chemist  or  an  Engineer  having  adequate  knowledge  of  water 
treatment. 

Suggested  revision. — Adequate  and  capable  supervision,  preferably 
by  a  chemist  or  engineer  experienced  and  skilled  in  water  treatment,  is 
necessary  to  secure  the  best  results. 


Article  2. 

Manual. — Provision    should   be   made   for   frequent   analyses   or   hard 
ness   tests   of    both    treated   and    raw    water.     This   is    necessary,    prin- 
cipally  as   a   check   on    the    treatment,   and   also  on  account   of   changes   in 
the  condition    of    the    raw    water. 

In   order   that    the   analyses   --ball   be   effective,    they   musl    be   made 
under  the   supervision   of   a  competent  chemist. 

Suggested  revision.  As  a  check  on  the  treatment  and  to  keep  it 
properly  adjusted  to  changes  in  the  quality  of  the  untreated  water,  [re 
quent  analyses  of  the  water,  treated  and  untreated,  should  be  made  b> 
a  competent  chemist. 

\kl K  I  i     J 

Manual      Where   consumption   of    watei    i^    in    excess   <>i    the    rated 

capacit)    ol    the  plant,   tin    use  of  undcrtreated,  milk]    watci    should   !>■ 

avoided  bj    the  use  of   ram    water  \>>  such  an  extent   as   to  jjive  ample 

time    for    tin    propci    treatmenl    of    all    water    thai    passes   through    tli 

oftener,     The  exception  to  ibis  rule  is  the  case  of  water  which  is  hcinu 
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treated   for  corrosive   properties.     Such   water   should   not  be  used   raw 
if  it  can  be  avoided. 

Suggested  revision. — When  consumption  of  water  is  in  excess  of 
the  effective  capacity  of  the  plant,  the  excess  should  be  used  untreated 
rather  than  to  have  all  the  water  imperfectly  treated,  except  water  being 
treated  to  eliminate  corrosive  properties  only,  all  of  such  water  prefer- 
ably  receiving  a  degree  of  treatment. 


Page  448. 

Manual. — Table  1  is  developed  from  these  equations  and  gives 
the  proper  settling  capacity  per  1000  gallons  per  hour  capacity  of  treat- 
ing plant  under  various  conditions  and  varying  number  of  settling 
tanks.  From  this  table  it  will  be  noted  that  with  the  same  time  allowed 
for  reaction  and  precipitation,  the  least  number  and  the  smallest  capac- 
ity of  settling  tanks  is  required  where  the  flow  of  the  untreated  water 
to  the  softener  is  double  the  hourly  capacity  of  the  softener,  and  the 
one  pump  works  alternately  rilling  and  emptying  these  tanks.  Where 
pumping  is  a  necessity  and  sufficient  supply  can  be  obtained,  the  one- 
pump  plan  will  be  the  most  economical  in  maintenance  and  operation  of 
the   intermittent   plants. 

Suggested  revision. — The  foregoing  equations  give  the  results  tabu- 
lated in  Table  1,  showing  the  proper  settling  capacity  per  thousand  gal- 
lons per  hourly  capacity  of  treating  plant  under  the  conditions  stated 
therein.  Allowing  equal  time  for  reaction  and  for  precipitation,  the 
least  number  and  the  smallest  capacity  of  settling  tanks  are  required 
when  the  rate  of  flow  of  untreated  water  to  the  softener  is  twice  the 
hourly  capacity  rate  of  the  softener  and  the  pump  works  alternately 
filling  and  emptying  the  tanks.  The  one-pump  plan,  when  practicable, 
will  be  the  more  economical  in  maintenance  and  operation  of  inter- 
mittent plants. 

Page  450. 
Foaming  and  Priming. 

Manual. — Foaming  from  treated  water  is  due  to  the  presence  of 
sodium  salts,  as  a  result  of  treatment  for  incrusting  sulphates,  together 
with  such  quantities  of  the  alkali  salts  which  may  have  been  present  in 
the  raw  water.  This  condition  is  aggravated  and  to  a  large  extent  due 
to  the  presence  of  suspended  matter  in  the  water. 

Concentration  of  foaming  solids  in  locomotive  boilers  reaches  the 
critical  point  at  about  100  grains  per  gallon.  Concentration  above  this 
point  must  be  avoided  by  changing  the  water,  or  else  trouble  from 
foaming   will   be   experienced. 

The  grains   per  gallon   of    foaming  matter   in    solution   represent   the 
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minimum  per  cent,  of  water  which  must  be  wasted  in  locomotive  boilers 
to  keep  the  concentration  at  the  critical   limit. 

In  other  words,  for  each  pound  of  foaming  matter  per  1000  gallons 
of  water,  the  expense  would  be  equal  to  the  cost  of  pumping  and  treat- 
ing at  least  70  gallons  of  water,  and  the  fuel  for  heating  the  same  to 
the  temperature  of   boiling  water. 

Aside  from  occasional  complete  change  of  water  at  terminals,  par- 
tial changes  are  made  by  blowing-off  of  boilers  either  at  terminals  or  on 
the   road. 

Suggested  revision. — Foaming  of  treated  water  is  caused  by  the 
presence  of  sodium  salts  resulting  from  treatment  to  eliminate  incrust- 
ing  sulphates  and  by  the  presence  of  alkali  salts  and  matter  in  sus- 
pension in  the  water. 

Concentration  of  foaming  solids  in  locomotive  boilers  reaches  the 
critical  point  between  100  and  200  grains  per  gallon,  depending  upon 
the  character  of  the  foaming  solids  and  the  amount  of  suspended  mat- 
ter in  the  water.  To  prevent  foaming,  the  concentration  must  be  kept 
below   that  point.  • 

The  grains  per  gallon  of  foaming  matter  in  solution  represent  the 
minimum  percentage  of  water  which  must  be  wasted  from  locomotive 
boilers  to  keep  the  concentration  at  the  critical  point. 

The  cost  of  so  maintaining  the  concentration  equals  the  cost  of 
pumping,  treating  and  heating  to  the  temperature  of  boiling  water  not 
less  than  70  gallons  of  water  for  each  pound  of  foaming  matter  per 
thousand  gallons  of  water. 

Page  451. 
Foaming  and  Priming    (Continued). 

Manual. — The  most  efficient  results  are  obtained  by  systematic. 
frequent  blowing-off  of  the  boilers  on  the  road,  as  well  as  at  terminals, 
together  with  occasional  complete  blowing-down  and  washing  of   boilers 

There  are,  of  course,  conditions  where  concentration  of  foaming 
solids  is  so  great  that  the  required  amount  of  blowing-off  would  be 
both  impracticable  and  uneconomical,  and  ii  is  necessary  to  resort  to 
anti   foaming  compounds. 

Suggested  revision. — The  best  results  are  obtained  by  systematically 
frequent  blowing-off  of  the  boiler  while  the  locomotive  is  running  and 
occasional   complete   blowing-down   and    y\  .ishiin'    the    boilei    at    terminals 

When  unavoidable  concentration  of  foaming  solids  is  so  great  that 
the  required  amount  of  blowing-off  is  impi  articable  or  uneconomical, 
it  is  neci  isarj   to  u  i   anti  foaming  gompounda 
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Page  453. 
Supply — Source. 

Manual. — Dug   well    construction    should    always    be    preceded    by    a 

careful  auger  test  to  determine  the  strata  to  be  encountered.  Size  and 
construction  depend  on  the  strata  to  be  passed  through;  no  definite  rule 
can  be  given. 

Surface  pipe  wells  are  satisfactory  where  local  conditions  permit  of 
their  use.  This  system  is  one  which  can  be  extended  to  collect  a  large 
volume  of  ground  water.     The  recommended  layout  is  shown  in  Fig.  1. 

Artesian  deep  wells,  where  obtainable,  are  a  satisfactory  source; 
however,  their  flow  is  liable  to  constant  decrease  and  finally  cease. 

Deep  wells  requiring  pumping  are  recommended  only  as  a  last  re- 
sort.    The  recommended  form  for  record  is  shown  on  M.  W.   1304. 

A  chemical  analysis  should  be  made  of  all  water,  and  the  question 
of  cost  of  treatment,  if  required,  thoroughly  investigated,  as  outlined 
under  the  heading  "Minimum  Quantity  of  Scaling  and  Corrosive  Mat- 
ter which  will  justify  Treatment." 

Suggested  revision. — In  unproved  ground,  dug  well  construction 
should  be  preceded  by  test  borings  to  reveal  the  strata  to  be  penetrated. 
haracter  of  the  strata  largely  determines  the  size  of  the  well  and 
the  kind  of  construction  necessary. 

The  pipe  system  of  driven  or  drilled  wells  shown  in  Figure  2  being 
capable  of  wide  extension,  is  satisfactory  for  underground  water  when 
found  at  shallow  depths  easily  reached  by  the  system. 

Permanent  artesian  wells  are  a  satisfactory  source  of  water  supply. 

Deep  wells,  usually  costing  more  for  maintenance  and  operation 
than  other  sources,  are  generally,  for  that  reason,  very  undesirable,  but 
their  disadvantages  are  sometimes  compensated  by  the  excellence  and 
security   from  pollution  of   the  water   yielded  by  them. 

Chemical  analysis  shoulel  be  made  of  water  from  actual  and  pros- 
pective sources  and  the  cost  of  treatment,  if  required,  determined  as 
hereinbefore   indicated   and   outlined. 
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(2)     METHODS    FOR    COMPLYING   WITH    FEDERAL   REGULA- 
TIONS IN  REGARD  TO  PURITY  OF  DRINKING 
WATER  SUPPLIED  TO  TRAINS. 
R.  C.  Bakdwei.l,  Chairman,  Sub-Committee. 

The  progress  of  the  regulations  in  regard  to  drinking  water  used  on 
railway  trains  under  the  supervision  of  the  Public  Health  Service,  has 
been  largely  retarded  during  the  past  year  on  account  of  the  great 
amount  of  important  work  necessitated  by  the  establishment  of  the  can- 
tonment camps  and  the  small  force  assigned  to  handle  these  duties. 

The  Public  Health  Department  now  has  seven  cars  fitted  as  traveling 
laboratories  for  checking  the  quality  of  water  supplies,  but  these  of  late 
have  been  used  mostly  for  military  purposes.  The  establishment  of  addi- 
tional headquarters  for  the  various  sanitary  districts  has  also  been 
delayed  on  account  of  men  trained  in  this  work  being  now  engaged  in 
army  work. 

The  principal  steps  in  advancement  were  the  adoption  of  new  stand- 
ard methods  of  analysis,  and  an  amendment  to  the  regulations  pertaining 
to  drinking  water  supplies  require  a  certificate  showing  not  only  that 
the  water  conforms  to  the  bacteriological  standards  as  outlined  in  last 
year's  report,  hut  also  that  it  is  from  a  supply  which  is  not  exposed  to 
contamination.  This  enlarges  the  scope  of  the  regulations  and  assures 
a  greater  probability  of  a  suitable  water  being  furnished  than  could  be 
expected  under  a  semi-anntial  bacteriological  test  alone.  The  sanitary 
survey  governs  features  which  iri  a  greai  measure  are  susceptible  to 
correction  and  control. 

It  is  contemplated  by  the  Public  Health  Department  to  call  a  con- 
ference in  the  near  future  of  the  State  Health  authorities  for  the  pur- 
pose of  standardizing  Water  inspections  as  well  as  to  define  the  require- 
ments   in    source    and    method    of    simply.       If    it    is    the    pleasure    of    this 

i.i t ii hi.  your  Committee  will  lie  pleased  t,.  report  on  the  engineer- 
ing and  maintenance  matters  of  interest  brought  out  at  this  meeting 
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(4)     RELATIVE   MERITS    OF    CONTINUOUS    AND    INTERMIT- 
TENT WATER  SOFTENERS. 
R.  C.  Bardwell,  Chairman,  Sub-Committee. 

This  subject  was  first  brought  to  the  attention  of  the  Association  by 
this  Committee  in  1907,  in  the  discussion  of  the  relative  economy  of 
Continuous  and  Intermittent  Softeners.  In  bringing  the  respective  advan- 
tages of  these  two  systems  before  you  at  this  time,  properly  designed 
plants  of  both  types  are  assumed. 

When  Dr.  Clark  first  applied  chemistry  to  water  softening  in  1841, 
by  adding  slacked  lime  to  water  for  the  purpose  of  removing  the  car- 
bonate hardness,  and  later  Dr.  Porter  used  soda  ash  for  the  removal 
of  the  injurious  sulphate  incrustants,  the  method  was  practically  the  same 
as  in  the  intermittent  plant  of  to-day.  In  the  modern  plant,  only  those 
refinements  have  been  introduced  as  were  made  necessary  by  the  require- 
ment of  handling  much  larger  quantities  of  water.  In  the  intermittent 
system,  which  is  also  known  as  "Batch"  treatment,  a  definitely  known 
quantity  of  water  is  pumped  to  the  tank  and  the  necessary  chemicals 
for  its  treatment  are  added.  After  proper  agitation  and  time  allowance 
for  settling  of  th«e  precipitate  or  sludge,  the  water  is  in  satisfactory 
condition  for  use  in  locomotive  boilers. 

The  continuous  plant,  in  which  a  definite  ratio  of  chemical  solution 
is  added  simultaneously  with  the  flow  of  water  to  the  tanks,  was  a 
development  first  considered  in  Europe  and  later  given  attention  in  this 
country.  During  the  past  twenty  years,  several  good  plants  of  this  type 
have  been  developed  and  placed  on  the  market  in  the  United  States. 
This  type  readily  lends  itself  to  numerous  mechanical  adaptations,  and 
several  of  these  have  been  largely  exploited  and  are  generally  known. 

A  survey  of  the  field  indicates  that  there  are  now  in  service  on 
American  railroads,  approximately  550  water-softening  plants,  at  which 
about  30,000,000,000  gallons  of  water  are  softened  annually.  In  addition 
to  this  a  large  amount  of  water  is  partially  treated  in  roadside  tanks 
with  soda  ash  alone,  with  no  allowance  for  sedimentation.  The  total 
amount  of  water  consumed  annually  for  steam  purposes  by  these  rail- 
roads is  approximately  about  450,000.000,000  gallons ;  or  nearly  6.7  per 
cent,  of  the  total  water  used  for  steam  purposes  is  completely  treated. 
The  continuous  type  of  plant  seems  to  predominate,  about  70  per  cent, 
of  the  total  number  of  plants  installed  being  of  that  character. 

As  to  the  comparative  economy  of  Continuous  and  Intermittent  plants, 
the  operating  costs  seem  to  be  very  nearly  the  same  in  well-designed 
plants  of  both  types.  The  amounts  of  chemicals  required  should  be  the 
same  in   either  type,  although   improper  design   in  the   agitating   facilities 
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of  some  types  has  been  found  to  allow  a  part  of  the  lime  reagent  to 
settle  into  the  sludge  before  reaction  has  taken  place.  Investigation  as 
to  running  repairs  required  indicates  that  these  are  so  largely  influenced 
by  the  design  and  location  of  the  plant  and  the  daily  attention  given  to  its 
operation  that  no  general  comparison  of  the  two  types  can  be  made  on 
this  basis.  The  labor  cost  generally  should  also  be  the  same,  as  with 
any  type  of  treating  plant  in  railroad  service,  the  constant  attention  of  a 
man  is  highly  desirable  and  decidedly  economical.  There  seems  to  be 
little  difference  in  the  fuel  or  power  item,  although  conditions  vary  in 
different  localities.  The  large  variety  of  type  of  the  many  plants  installed 
precludes  a  general  comparison  as  to  interest  and  depreciation. 
The  following  are  the  general  advantages  of  the  two  types : 

Intermittent. 

1.  The  most  advantageous  arrangement  for  Intermittent  plant  con- 
sists of  two  settling  tanks,  road  tank  height,  to  serve  alternately  as 
treating  and  settling  tanks.  This  arrangement  provides  duplicate  tank 
facilities  and  increased  ratio  storage  capacity  to  daily  consumption. 

2.  The  Intermittent  plant  is  of  the  most  simple  construction  and  its 
operation  is  readily  understood  by  the  low  paid  class  of  service  usually 
engaged   for  this  work. 

3.  The  cost  of  maintenance  of  the  type  of  intermittent  plants  gener- 
ally in  use  is  small,  the  necessary  repairs  simple,  and  the  materials  for 
making  them  readily  available. 

4.  The  uniformity  of  treatment  is  certain,  large  amounts  of  water 
being  treated  at  a  time,   and  the  opportunity   for   error   is  slight. 

5.  The  intermittent  plant  has  no  intricate  or  expensive  parts  to 
deteriorate,  as  are   frequently  present  in   some   continuous   types. 

6.  A  portion  of  the  old  sludge  remains  in  the  tank  and  is  mixed 
with  the  water  on  each  addition  of  reagents.  This  acts  as  a  foundation 
for  the  newly  formed  molecules  of  sludge,  causing  precipitation  in  larger 
particles,  and  thereby  hastening  the  settling. 

Continuous  Type. 

1.  In  large  plants,  the  continuous  type  can  lie  designed  to  afford 
more  economy  in  ground  space. 

2.  It  will  handle  a  larger  volume  of  consumption  on  a  smaller  rate 
of  flow,  since  the  action  is  continuous  and  there  is  no  dead  time  for 
settling. 

3.  Where  pump  station  is  located  at  some  distance  from  deliver] 
tank,  some  types  of  continuous  plants  adjacent  to  the  point  of  delivery 
are  advantageous. 

4.  At  terminals,  or  where  proper  attention  >au  he  given  to  the  plant 
at  stated  periods,  attendance  at  continuous  plants  can  he  performed  more 
readilj    bj    employes  engaged   primarilj    in  other  duties,  but   this  brings 

uncertain   results  due  to  divided   responsibility,   and   is,  therefor,-,  ,,t    douht 
ful    advantage. 
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5.  In  a  certain  type  of  continuous  plant,  very  thorough  and  gradual 
mixing  is  secured  by  introducing  the  water  and  reagents  at  the  bottom 
of  the  mixing  tank  and  keeping  a  portion  of  the  old  sludge  continually 
agitated  with  the  incoming  mixture,  thereby  aiding  reaction  and  sedi- 
mentation. 


Appendix  D. 

(5)     RULES    OR    EXAMINATION    QUESTIONS    FOR    CARE   OF 

BOILERS   IN   PUMPING  STATIONS. 

W.  C.  Harvey,  Chairman,  Sub-Committee. 

Instructions  for  Care  of  Water  Stations. 

Duties  of  Attendant. 

The  Pumper,  Station  Agent  or  other  person  in  charge  of  the  local 
water  supply  will  be  held  responsible  for  the  condition  of  the  entire 
plant.  His  first  duty  will  be'  to  see  that  there  is  an  ample  supply  of 
water  available  for  locomotive  use  at  all  times. 

In  case  of  trouble  that  affects  the  water  supply  he  must  wire  the 
Chief  Dispatcher  as  well  as  the  Water  Service  Foreman,  stating  full}' 
the  trouble  and  what  is  needed  for  repairs.  He  must  make  frequent 
inspection  of  all  parts  of  the  plant  and  make  all  repairs  within  his  power 
and  avoid  sending  for  repair  man  except  when  absolutely  necessary. 
He  will  be  responsible  for  the  safe-keeping  and  economical  use  of 
supplies  furnished  to  the  water  station  and  place  orders  for  fuel  and 
supplies   in   ample  time  to  avoid  a  shut-down  of  the   plant. 

Pumphouse. 

The  attendant  must  keep  pumphouse  neat  and  clean  and  take  every 
precaution  against  loss  or  damage  by  fire.  Waste  or  other  combustible 
materia!  must  not  be  stored  in  the  pumphouse.  Oil  and  gasoline  must 
be  stored  outside  in  proper  receptacles.  Cinders  must  not  be  dumped 
close  enough  to  the  house  to  endanger  it.  Proper  place  must  be  pro- 
vided for  all  tools  and  they  must  be  returned  to  their  proper  place 
alter   using. 

Machinery. 

Machinery  must  fie  inspected  daily  and  adjustments  made  to  increase 
efficiency  and  to  prevent  wear  or  breakdown.  Particular  attention  must 
en  to  the  packing  and  lubrication  of  all  parts.  Attendant  must  be 
Familiar  with  the  location  and  purpose  of  all  steam  and  water  pipe-, 
valves,  levers,  etc.  so  thai  in  case  of  accident  or  leaks  the  valves 
trolling  same  may  be  properly  used. 

When  ordering  repair  parts  Eor  any  piece  of  machinery  attendant 
must  always  give  the  name  of  manufacturer,  shop  number  of  the  ma 
chine  and   repair  number  of  the  pari    wanted 

Boilers. 

An. ■ml. nit   m'usl   see   thai   the  boiler  contains  A  sufficient  amount 

water   I"  starting    .1    fire   and   shall    gee   thai    1I1  cks,   water 

glasses  and    afet)   valves  are  clean  and  in  good  condition 

requently   cleaned   oi    clinkers       Ksht  -   musl    not   l>t 
allowed    to    accumulate    beneath    the  raudd)    watei    is 
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boilers  must  be  blown  down  frequently.  In  doing  this,  boiler  must  be 
filled  full  of  water  and  blown  down  to  one  gage  with  not  over  30  lbs. 
of  steam.  Foaming  is  due  to  a  dirty  boiler  and  can  be  stopped  by 
blowing  down  and  filling  with  fresh  water.  Boiler  must  be  washed  out 
once  a  week  or  oftener  if  in  the  judgment  of  the  Water  Service  Fore- 
man it  is  necessary.  Flues  must  be  frequently  cleaned  of  ashes  and 
soot. 

If  it  develops,  when  plant  is  operating,  that  no  water  appears  in 
the  water  glass  the  valve  below  water  column  should  be  opened.  If 
water  then  appears,  the  flow  to  the  boiler  can  be  increased;  if  not,  fire 
must  be  pulled  and  boiler  cooled  before  turning  any  water  into  the 
boiler.  Where  more  than  one  shift  is  in  charge  of  the  pumping  plant 
each  oncoming  man  should  be  notified,  by  the  man  leaving,  of  any 
defects. 

Should  safety  valve  stick  and  steam  gage  show  over-pressure,  draft 
doors  should  be  closed  and  boiler  allowed  to  cool  off  to  pressure  at 
which  valve  is  supposed  to  work  before  any  repairs  or  adjustments  of 
the  safety  valve  is  attempted. 

Oil   Engines. 

Attendant  must  be  provided  with  a  copy  of  and  must  be  governed 
by  the  manufacturer's  printed  instructions  for  operating  the  particular 
type  of  engine  in  his  charge. 

To  secure  economical  and  satisfactory  operation,  engines  must  be 
properly  lubricated.  Attendant  must  see  that  all  moving  parts  are  free 
from  dirt,  properly  oiled  and  work  easily.  Lubricating  oil  must  be  fluid 
enough  to  be  fed  readily  through  the  oiler.  When  oiler  is  filled  the 
lubricating  oil  should  be  run  through  a  fine  mesh  strainer  inserted  in 
a  funnel.  The  cover  of  the  oiler  should  be  in  place  at  all  times  except 
when  filling  it.  The  oiler  should  be  drained  occasionally  and  washed 
out  with  gasoline.     This  applies  also  to  the  bearing  oil  cups. 

The  machinery  to  be  driven  should  be  detached  from  the  engine  until 
engine   is   in   motion. 

Before  starting  see  that  tank  contains  fuel  and  that  a  supply  of 
cooling  water  is  available.  Thermometers  are  frequently  provided  which 
show  the  temperature  of  the  cooling  water  around  the  cylinder.  When 
running  the  thermometer  should  register  140  to  180  degrees  Fahrenheit. 
The  most  favorable  temperature  will  be  different  with  different  fuels  and 
attendant  should  note  the  temperature  at  which  operation  is  best  and 
attempt  to  keep  it  reasonably  close  to  that  figure.  The  temperature  can 
be  held  at  that  point  by  regulating  the  supply  of  water  to  the  cylinder 
jacket  by  means  of  the  valve  provided  for  that  purpose.  The  pump, 
piping  and  water  jacket  of  engine  must  be  drained  when  engine  is  not 
in  use  to  prevent   freezing  and  cracking  of  cylinder. 

Fuel  for  oil  engine  should  be  strained  at  the  time  storage  tank  is 
filled.  In  some  types  of  engines  fuel  is  injected  into  cylinder  through 
a   spray   nozzle.      Irregular   operation   may   be   caused   by    foreign   matter 
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in  the  oil  sticking  in  the  spray  nozzle  or  in  the  check  valve  in  the 
injector  pump.  The  small  hole  in  end  of  spray  nozzle  must  be  cleaned 
occasionally. 

If  a  loss  of  compression  is  noticed,  piston  should  be  inspected. 
The  piston  rings  should  be  free  in  their  grooves.  If  they  stick,  the 
compression  or  explosion  will  blow  past  them  and  the  combustion  will 
be  poor,  due  to  poor  compression.  Any  accumulation  of  carbon  which 
tends  to  stick  to  the  rings  should  be  washed  out  with  gasoline. 

Examination   Questions   for   Care  of  Electrically   Operated  Pumps. 

Q. — What  are  the  two  kinds  of  current  generated? 

A. — Direct  and  alternating  current. 

Q. — How  would  you  distinguish  between  the  two  motors? 

A. — The  direct  current  motor  will  have  a  commutator  and  brushes,  the 

alternating    current    motor    will    have    neither    commutator    nor 

brushes. 
Q. — How  should  a  direct  current  motor  be  started? 
A. — The  arm  of  the  starter  should  be  moved  slowly  over  the  contacts 

from  the  "off"  to  the  "on"  position  as   the  motor  comes  up  to 

speed. 
Q. — How  should  an  alternating  current  motor  be  started  ? 
A. — This  type  of  motor  is  usually  started  with  an  auto-starter,  the  lever 

of   which   should  be   thrown   first  to  starting  position   and   held 

until  motor  has  attained  normal  speed  and  then  to  the  running 

position. 
Q. — What    would    be    the    result    of    bringing    the    starter    handle    over 

quickly  ? 
A. — The   rush  of  current   might  blow   a   fuse,   trip  a  circuit  breaker   or 

possibly  injure  the  insulation  of  the  motor  windings. 
Q. — What  is  the  proper  method  of  stopping  both  the  Direct  and  Alter- 
nating current  motors? 
A. — By  opening  the  motor  switch. 
Q. — When  using  a  direct  current  motor  how  should  the  commutators  be 

cleaned? 
A. — With  a  rag  moistened  with  signal  oil. 
Q. — What  are  the  indications  of  overheating  in  a  motor? 
A. — A    fried  or  charred   appearance  of    the   insulation   of   the   windings, 

especially  the  armature. 
Q. — What  would  indicate  the  proper  temperature  of  motor? 
A. — After  running  an  hour  or  two  the  field  coils  and  armature   should 

be  warm  but  not  enough  to  be  uncomfortable  to  the  hand. 
Q. — How  often  should  motors  be  lubricated? 
A. — Once  a  month. 

Q. — How  would  you  proceed  to  lubricate  ;i  motoi 
A. — The  oil  should  be  drained   from  the  boxes,  tin    boxes  cleaned  and 

refilled   with  clean  oil. 
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Water  Tanks. 

They  should  be  filled  at  each  pumping  to  prevent  shrinkage  of 
wooden  tanks,  deterioration  in  sheets  of  metal  tanks,  as  well  as  to  safe- 
guard the  water  supply  in  case  of  accident  to  the  pumping  plant.  Tank 
spouts  and  grab  ropes  must  be  maintained  at  standard  clearance.  De- 
fects in  spouts,  valves  or  discharge  pipes  must  be  reported  at  once. 
Attendant  mtlst  watch  engines  take  water  and  report  unnecessary  waste. 
Damage  to  fixtures  or  appliances  by  engines  taking  water  must  be  re- 
ported to  the  Water  Service  Foreman,  giving  date,  train  and  engine 
number. 

Water  Columns  or  Stand   Pipes. 

Water  columns  should  be  inspected  frequently  and  maintained  in 
good  working  order.  Lifting  rods  should  be  tightened,  leaky  glands 
repacked,  locks  and  rollers  adjusted.  On  double  track,  water  columns 
should  be  swung  in  the  direction  of  traffic  and  locks  maintained  in  such 
position  that  they  hold  the  water  column  parallel  to  the  track. 

Motor,  control  and  pump  should  be  inspected  at  least  once  each 
week,  at  which  time  all  parts  should  be  thoroughly  cleaned,  all  contacts 
should  be  carefully  inspected  and  seen  to  that  they  make  and  brake  at 
proper  time  and  that  contact  surfaces  are  clean,  all  wearing  parts  should 
be  well  lubricated  with  proper  lubrication.  Special  attention  should  be 
given  to  motor  bearings,  building  or  room  where  motor  is  located  should 
be  kept  clean  and  particular  attention  should  be  given  to  see  that  no 
papers  or  oily  waste  is  left  or  allowed  to  collect  in  switch  boxes  or 
near  motor  or  any  electrical  contact  or  wires. 

Waste  must  not  be  used  around  commutator  or  brushes  and  gaso- 
line or  sandpaper  must  not  be  used  to  clean  commutator.  If  motor 
sparks  excessively  the  proper  official  should  be  notified. 

Motor  should  be  watched  carefully  for  over-heating.  The  com- 
mutator should  not  be  allowed  to  become  worn  or  grooved  by  the 
brushes. 

Any  displaced  wiring  must  also  be  reported.  No  attachments  should 
be  made  to  the  wiring  as  serious  damage  may  be  done  to  the  equipment 
and  there  is  danger  of  personal  injury.  A  fuse  must  never  be  replaced 
with  anything  but  a  proper  fuse.  If  one  of  a  higher  ampere  rating  is 
used  it  may  cause  serious  damage  to  the  motor.  The  fuse  is  the  elec- 
trical safety  valve  and  should  no  more  be  tampered  with  than  a  steam 
safety  valve.  A  test  lamp  should  be  used  to  find  blown  fuses,  thus 
avoiding  chances  of  electric  shocks.  A  gage  should  be  supplied  to 
each  alternating  current  motor  to  test  the  space  between  motor  and 
field  poles.  If  gage  will  not  pass  freely  the  bearings  need  immediate 
attention. 

On  pump  motors  controlled  from  a  distance,  the  remote  control 
-.tarter  located  in  the  pump  hou^c  should  be  tested  frequently  to  sfce  that 
it  starts  the  motor  properly.  It  should  be  inspected  frequently  and  any 
badly  burned  contacts  reported. 
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(6)     ORGANIZATION  FOR  RAILWAY  WATER  SERVICE 

DEPARTMENTS. 

C.   R.   Knowles,   Chairman,   Sub-Committee. 

Providing  water  for  locomotives  and  other  railway  purposes  is  a 
feature  of  railway  operation  that  varies  more  widely  than  any  other 
department  on  American  railroads,  with  the  exception  of  a  few  of  the 
larger  railroad  systems,  no  distinct  water  departments  are  maintained. 
While  it  is  true  that  on  small  lines  the  work  is  not  extensive  enough 
to  justify  the  employment  of  specialists,  yet  in  would  appear  that  there 
are  but  few  roads  that  would  not  find  it  profitable  to  assign  some  one 
properly  qualified  to  devote  his  attention  to  the  problems  of  water 
service.  On  the  majority  of  railroads  the  development  of  water  supply 
and  design  and  construction  of  water  stations  is  not  handled  as  a  sep- 
arate department,  but  is  left  to  someone  in  the  engineering  department 
in  connection  with  other  duties.  While  the  maintenance  and  operation 
of  water  stations  usually  comes  under  the  Master  Carpenter  or  Super- 
visor of  Bridges  and  Buildings  whose  principal  duties  are  along  other 
lines  entirely  foreign  to  water  service. 

The  many  different  methods  of  handling  and  apparent  neglect  of 
railway  water  supply  is  probably  due  to  the  fact  that  within  compar- 
ative!} a  few  years  ago  this  department  of  the  railroad  was  not  con- 
sidered  of  any  great  importance,  as  the  quantity  of  water  required  was 
not  great  and  the  quality  a  matter  that  was  given  but  little,  it  any,  con- 
sideration. Conditions  have  changed  with  modern  railway  operation, 
which  calls  for  careful,  intelligent  consideration  of  the  many  problems 
involved. 

Establishing  a  water  department  organization  does  not  necessarily 
mean  thai  the  <  1  i v  i  - i < > 1 1  or  local  forces  are  materiallj  changed  where 
water  service  men  are  locally  employed,  ami  the  miles  "i  an  organization 
exists,  but  rather  that  the  local  officers  and  engineering  department  are 
relieved  of  the  duties  incidental  to  the  design  and  development  ^\  water 
facilities  and  the  work  placed  in  the  hands  of  those  trained  along  tin- 
particular  line.  Thai  tin  re  is  an  urgent  need  for  such  an  organization 
has  been  proven  by  the  results  obtained  on  mads  that  have  established 
a  department    to  bandit    this   very  important    feature  of   railroad  opera 

Inquiries  as  t<>  tin    method  of  handling  water  supply  were  sent  oul 
t<>  a  number  of  railroads.     Replies  were  received  from  38  railroads  rep 
resenting  a  mileage  ol    136,991.    Tin   total  number  of  water  stations  m 
7816.     Of    roads    reporting   seven   hav<    a    separate    Water    Department, 

while    on    twentj     roads    the    water    SUpplj     is    handled    l>>     tin      Bridge    and 

Building   Department;  on  eight   roads  by  the   Divisional   Water   Depart 

nn nl,     nid    on    tlii .  .     roads    jointly    bj    the    Mainteuanei     of    Way    and    Mo 
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tive  Power  Department.  There  was  total  of  415  treating  plants  re- 
ported, from  one  plant  only  on  a  number  of  roads  to  108  on  one  road. 

The  graphical  chart  submitted  herewith  represents  a  complete  water 
department  organization  and  may  be  readily  adapted  to  any  road  with 
such  modifications  as  may  be  necessary  for  a  road  of  greater  or  lesser 
mileage. 

For  example,  where  there  are  no  treating  plants  in  service  the  work 
of  making  water  analysis  would  probably  come  under  the  Engineer  of 
Tests  or  outside  chemists,  rather  than  a  department  chemist. 

The  chart  as  submitted  represents  the  best  practice  in  present  water 
department  organization  on  American  railroads,  and  while  it  is  not 
exactly  typical  to  any  particular  water  department  organization,  your 
Committee  feels  that  it  embodies  the  best  features  of  the  existing  water 
department  organization. 
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General  Manager 
chief    Engineer 
Engineer  MaintofWay 

Gen'l  Superintendant 

supt  water  Service 

SUPERINTENDANT 

Chief    Clerk 

Chemist 

roadmaster 
Division    Engineer 

Office  force: 

Inspectors 

Supervisor  Water    Service 

Construction 
Foremen 

Gang  Foremen 

Pumpelrs 

Repair   Men 
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DIVISION  WATER  WORKS  GANGS. 

Personnel  and  List  of  Tools  and  Equipment  for  Water  Works  Gangs, 
Who  Will  Report  to  Supervisor  of  Water  Service  and  Handle 
Construction  Jons  Where  Superintendent  Water  Service  Cannot 
Finu  a  Whole  Line  Gang  Available. 

1  Foreman. 

1  l'ipe  Fitter. 

2  Tank  Carpenters. 

5  Water  Work-   Men. 

List  of  Tools  for  Water  Works  Gangs. 

Name.  Amount. 

\\r.  Single   bit    - 

"      Hand     2 

Adze    - 

Blades,    Hack    saw— 12" 12 

I  Mocks,  Chain  cyclone — one  ton  capacity 1 

Blocks,  Two  pulley  steel — Self  lubricating  for  y^"  manilla  rope 2 

"                        "         "     ■ — Self   lubricating   for  1"  manilla  rope 2 

Steel  snatch — Self  lubricating  for  1*4"  manilla  rope 2 

Bars,  Pinch     5 

Bars,  Claw   1 

Broom,  House 2 

Chisels,  Track-   With   handles    4 

Cold— )4"x7"     6 

"         Roundnose — y"x6"     6 

]  >iamond  point — -Wx6"  6 

Coolers,    Water  -Five   gallon    

1    

2     

3    

4    

5     

Derrick.  Sashen   l'ipe  y%'  cable 

I  )rills,  Twist  taper  shank  I4" 2 

.;-."    2 

H"    2 


Cutters, 

P 

pe- 

-3 

3 
3 
3 
3 

whec 

No 

No. 

Xo. 

Xo. 

Xo. 

re 


2 




Va"    

%"    

1"   

Drill  Press,  Xo.  1    lor  taper  shank  drills  %"  to  1"  incl 

I  ,;<    Plate,  and  bolt  taps  SI   C  Bay  Stat''   full  mounted  screw  plate. 

Digger,   Post   hole   

Dollies,    Timber    

Die.,  Toledo   l'ipe   Xo.  0 

"      No.   1     

"     No.  4    
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Name.  Amount. 

Flags.  Cloth— Red    4 

Green 4 

Yellow    4 

Blue     2 

Fuses,  Red    6 

Yellow     6 

Files,  12"  assorted  l/>  round    6 

"    io"     "      y2    "      6 

"       12"         "          flat    6 

"       10"        "           "      6 

Hammers,  Claw     2 

Machinist    3 

Calking    3 

Hooks,  Lug  2 

Jacks,  Track   and    handles 2 

Car  Box  2x10  12  T 2 

Kegs,    Water 1 

Lanterns,  White     2 

Red   2 

Green    2 

Oilers,  Hand  2 

Picks,   Clay— With   handles    . 12 

Pots,  Lead  Pouring — No.  1   with  2  hooks  each 2 

Punch,  Screw — With  bar  head  and  punch  drills 

Pump,  Trench — With  12'  3"  suction  hose  and  strainer 

Pipe,  Reamer  and  tap     54"    

"       "     Vs"    

V2"    

"      "    H"   

1"   

154"    • 

"      "   V/2"    

"       2"    

Rope,   Manilla  YA" ' 500  1 

1"    500  f 

Ratchet,  Improved  Parker  Boiler  No.  2  for  taper  -hank  twist  drills 

54"  to  l"  1 

Saws,  Hand   2 

"        Cross  cut   2 

Hack  12"   2 

Shovels,  Track  No.  2 6 

Long  handled   roundnose 6 

Spades,  16"  square  point  tile 6 

Scythe,  Brush    

Sledge,  16  lb.  with  handle 

12  lb.      "       "       

8  lb.      "        "       

Tool  ( rrinder,  without  sp<  cial  attachment 

il   Box,  Section   

Torpedoes    12 

Tools,  Yarning   No.   1 2 

1.  2   2 

Calking     No.  1     2 

No.  2  4 

X...  3    4 

I    I 


236 


WATER  SERVICE. 


Name.  Amount. 

Vise,  Parker  Combination  No.  4 1 

Malleable  pipe  No.  1 1 

Winches,  Hand  Power  size  "A"  tapered  drum 1 

Wheel   barrows    3 

Wrenches,  Monkey    8"     2 


12" 

18"     

Stillson     8"     

10"     

14"    

18"    

24"    

36"    

Chain  Ideal  No.  2     

"       No.  3     

"       No.  4     

"      No.  5     

Open  end — double  headed  No.  34. 
"       "  "  "       No.  37 

"      "  "  "      No.  38 

' "      No.  39 

"      "  "  "      No.  41 
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(7)     DEFINITIONS    OF   TERMS    USED    IN    RAILWAY    WATER 

SERVICE 

C.  R.  Knowles,  Chairman,  Sub-Committee. 

Group  "A" — Wells. 

(1)  Artesian  Well. — A  flowing  well   from  which  the  water  is  caused 

to    rise    above    the    surface    of    the    ground    by    a    subterranean 
pressure. 

(2)  Deep  Well. — A  well  having  a  depth  of  100  feet  or  greater. 

(3)  Shallow  Well. — A  well  less  than  100  feet  in  depth. 

(4)  Drilled  Well. — A  well  made  by  drilling  or  boring. 

(5)  Driven  Well. — A  well  constructed  by  driving  the  casing  and  then 

removing  the  material  inside  the  casing. 

(6)  Dug  Well. — A  well  made  by  digging  or  excavating. 

(7)  Well  Casing. — A  pipe  forming  the  wall  of  a  well. 

(8)  Well  Screen.— A  perforated  device,  usually  a  slotted  or  wire-wound 

pipe  for  the  admission  of  water  into  and  the  exclusion  of  other 
matter  from  a  well. 

Group  "B" — Water  Tanks. 

(1)  Tank. — A    basin    or    reservoir    above    ground    for    the    storage    of 

liquids. 

(2)  Tank    Tower. — That    portion    of    the    tank    structure    between    the 

tank  and  its  foundation. 

(3)  Tank  Valve. — The  valve  for  delivery  of  water  from  the  tank. 

(4)  Outlet   Pipe. — The   pipe   for   delivery  of   water   from   the   tank   to 

the  spout. 

(5)  Tank    Spout. — An    adjustable    spout    for   delivery   of    water    from 

the  outlet  pipe  to  the  tender. 

(6)  Indicator. — A  device  for  indicating  the  height  of  water  in  tank. 

(7)  Float   Valve. — A   valve   operated   by   a    float    for   controlling    the 

height  of  water  in  tank. 

Group  "C" — Pipe  Lines. 

(1)  Intake  Line. — A  line  of  pipe  through  which  the  water  flows  from 

the  source  of  supply  to  the  intake  well. 

(2)  Suction  Line. — A  line  of  pipe  through   which  water  is  drawn   by 

suction  to  the  pinup. 

(3)  Drop  Line. — A  vertical  lino  of  pipe  through  which  water  is  lifted 

out  of  a  well. 

(4)  Discharge  Link.    A  lin<    of  pipe  from  ili«'  discharge  of  pump  to 

tank,  or  distribution  sj  stem, 

(5)  Servici    Lines     Lines  of   pipe   through   which   the   water  i^   dis 

tributed. 
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Group  "D" — Water  Columns. 

(1)     Water    Column. — An    apparatus     for    delivering    water    into    the 
tender  at  a  distance  from  the  tank. 

Group  "E"— Internal  Combustion  Engines. 

(1)  Internal  Combustion  Engine. — A  prime  mover  in  which  the  power 

is  derived  from  the  explosive  force  of  the  fuel,  compressed  and 
ignited  in  a   cylinder,   acting  directly  against  a  piston. 

(2)  Two-Cycle    Engine. — An    internal    combustion    engine    receiving    a 

power  impulse   during  each   revolution. 

(3)  Four-Cycle   Engine. — An    internal    combustion    engine    receiving   a 

power  impulse   during   each   second   revolution. 

(4)  Gasoline   Engine.— An   internal  combustion  engine  using  gasoline, 

naphtha  or  other  volatile  petroleum   fuels. 

(5)  Gas    Engine. — An    internal    combustion    engine    using    natural    or 

manufactured  gas  as  fuel. 

(6)  Oil-  Engines. — An  internal  combustion  engine  that  may  be  started 

and  operated  on  a  non-volatile  oil  of  lower  specific  gravity  than 
gasoline  without  passing  the  oil  through  a  carburetor,  mixing 
valve,  or  preheating  the  oil,  in  which  the  fuel  is  ignited  by  a 
bulb,   tube   or  plate   heated    from   previous   combustion. 

(7)  Diesel  Engine. — An  oil  engine  in  which  the  combustion  is  due  to 

the  heat  generated  by  compression. 

Group  "F" — Water  Treatment. 

(1)  Untreated  Water.— Water  not  subjected  to  treatment. 

(2)  Treated  Water. — Water  subjected  to  treatment. 

(3)  Undertreated  Water. — Water  to  which  insufficient  chemicals  have 

been  added. 

(4)  Overtreated  Water. — Water  to  which  an  excess  of  chemicals  has 

been  added. 

(5)  Incrusting    Solids. — Matter   in    the   water   which    forms   scale   on 

tubes  and  sheets  of  boilers. 

(6)  Non-Incrusting  Solids. — Matter  in  the  water  which  does  not  form 

scale. 

(7)  Suspended   Matter. — Matter  in   the  water  which  may  be   removed 

by  coagulation,  sedimentation  or  filtration. 

(8)  Aeration. — Bringing    ihe    water   into    intimate    contact   with    air   in 

order  to  introduce  oxygen  for  the  oxidation  of  iron  or  organic 
matter,  and  for  washing  out  gases  and  volatile  odors. 

(9)  Filtration. — A   process   of   passing   water  through   layers   of   sand 

or  other  porous  material  for  the  removal  of  suspended  matter 
or  bacteria. 

(10)  Settling   Tank.— A    reservoir   in   which    water   is    retained    for   the 

sedimentation   of   suspended  matter. 

(11)  Reagent. — A  chemical   used   for  the   treatment   of  water. 
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(12)  Hardness. — The   quality   of   water   caused   by   dissolved    incrusting 

solids   or  by   acidity. 

(13)  Sludge. — Resultant  precipitant   formed  by  sedimentation  or  by   re- 

moval of  incrusting  solids  in  water  treatment. 

Group  "G"— Pumps. 

(1)  Pump. — An  apparatus    for   raising  or   transferring  water  or   other 

fluids. 

(2)  Reciprocating   Pump. — One  in  which  the  piston   or  plunger  alter- 

nately draws  the  water  in  and  discharges  it  from  the  cylinder. 

(3)  Single  Acting  Pump. — One  in  which  one  end  of  the  plunger  only 

acts  on  the  fluid  column. 

(4)  Double   Acting   Pump. — One  in   which   the   plunger  acts  upon   the 

fluid  column  both  upon  the  forward  and  return  stroke. 

(5)  Piston   Pump. — One   in   which   a   finished   cylinder   is   closely   fitted 

with  a  reciprocating  piston. 

(6)  Plunger   Pump. — One   in   which   the   reciprocating  part   is   a   solid 

plunger  which  does  not  come  in  contact  with  the  cylinder  walls, 
but  enters  the  cylinder  through  packing  glands. 

(7)  Direct  Acting  Pump. — One  in  which  the  piston  is  reserved  by  an 

impulse  derived  from  itself  at  or  near  the  end  of  each  stroke. 

(8)  Rotary    Pump. — One   in    which   two   revolving   pistons    rotate   in   a 

pump    case    which    they    completely    fill ;    the    pistons    alternately 
draw  in   and  discharge  the  water. 

(9)  Centrifugal  I'iimc.-Omc  in  which  the  pressure  necessary  to  raise 

the  water  is  derived  from  the  velocity  of  a  revolving  impeller. 

(10)  AlR    Lift-. — An    apparatus    for    introducing    compressed    air    into    a 

well   and  thereby  raising  water  out  of   the  well. 
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POLLUTION    OF    WELLS    FROM    OVERLYING    OR    ADJACENT 

CINDER  DEPOSITS. 

By  W.  C.  Curd. 

The  data  submitted  below,  recently  collected  by  me  in  an  investiga- 
tion of  ground  or  well  water  for  locomotive  boiler  use  in  district  sur- 
rounding East  St.  Louis,  111.,  presents  some  points  in  regard  to  the 
detrimental  effect  of  cinders  on  quality  of  water  in  shallow  wells,  which 
are  out  of  the  usual  line  of  thought  on  such  matters  and  prompts  me 
to  suggest  to  your  Committee  a  more  exhaustive  investigation  of  the 
subject. 

Opinions  on  the  poor  quality  of  East  St.  Louis  well  water  for 
boiler  use  have  been  very  freely  expressed  for  several  years  back  by 
chemists,  who  have  sampled  the  water  at  numerous  locations.  Occasion- 
ally reports  in  conflict  to  the  general  opinion  have  been  found,  but  it 
appears  no  attempt  has  ever  been  made  to  find  a  cause  for  the  dis- 
agreement. 

During  the  early  part  of  the  past  Summer,  while  investigating 
ground  water  conditions  in  East  St.  Louis,  I  personally  took  samples 
of  water  from  seven  wells  at  widely  separated  points  in  that  district 
and  submitted  them  to  a  chemist  for  analyses  with  the  following 
result : 

Sample  No.                  No.  1  No.  3  No.  4  No.  5  No.  6  No.  7  No.  8 

Total  Solids   23.34  26.35  58.60  41.78  34.19  89.20  26.30 

Total  Hardness  16.3  16.5  28.3  22.5  18.6  29.5  13.0 

Carbonate    Hardness. .  16.3  16.5  18.2  18.3  16.0  24.8  13.0 

Sulphate    Hardness...  0.0          0.0  10.1          4.2  2.6          4.7  0.0 

Total    Alkali    Solids..   7.04        9.85  30.4  19.2  15.5  59.7  13.3 

All  of  these  waters  came  from  wells  of  substantially  the  same  depth 
and  at  time  of  sampling  notation  was  made  of  character  of  surface 
covering  at  each  well  site,  which  information  is  given  below: 

Sample  No.  1.  Was  taken  from  well  at  plant  having  fuel  consump- 
tion of  small  amount.  Ground  surface  around  plant  and  particularly  in 
vicinity  of  well  site  was  comparatively  free  of  cinders. 

Sample  No.  3.     From  well  where  no  cinders  have  been  deposited. 
Sample  No.  4.     From  plant  where  entire  property  was  surfaced  with 
cinders  several  feet  deep. 

Sample  No.  5.  Some  cinders  were  visible,  but  none  deposited  re- 
cently or  under  three  or  four  years. 

Sample  No.  6.     About  same  conditions  as  found  at  No.  4. 
Sample  No.  7.     Large  area  covered  with  cinders  and  continued  daily 
deposits  being  made. 

Sample  No.  8.  New  plant  and  no  cinders  found  around  boiler  room 
or  well  site. 

In  another  part  of  the  district  a  test  hole  was  put  down  to  depth  of 
87'  below  surface,  but  sample  was  taken  from  depth  of  but  20'  and 
analysed  as  follows : 

Grains  per  Gallon 

T.-tal    solids    23.90 

Organic   matter    0.83 

Mineral   matter   23.07 

Silica   1.50 

Iron  oxide  and  alumina 0.05 

Calcium  carbonate   4.44 
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Grains  per  Gallon 

Calcium   sulphate    10.99 

Magnesium  carbonate   2.03 

Magnesium  chloride    3.45 

Sodium  chloride   0.61 

To  my  knowledge  this  did  not  represent  a  typical  water  for  the  loca- 
tion and  I  had  a  second  test  hole  put  down  (6'  from  the  first),  this  time 
to  depth  of  78'.  Hole  was  pumped  two  hours  and  sampled  at  full  depth, 
and  analyzed  as  follows : 

Grains  per  Gallon 

Total  residue  per  gallon 23.46 

Composed  as   follows : 

Calcium  carbonate   13.50 

Magnesium  carbonate   3.15 

Magnesium  sulphate    1-26 

Oxide   iron,   floating 0.32 

Sodium  chloride   5.23 

Total  Scale  Making  Salts 18.00 

At  time  second  hole  was  being  pumped  a  chemist  was  on  ground 
and  made  soap  tests  on  water  from  both  Hole  No.  1  and  Hole  No.  2 
with  the  following  result : 

Grains  per  Gallon. 
Hole.  No.  1  Hole  No.  2 

Hardness    17.0  17.0 

Alkalinity   13.6  18.8 

Sulphates    3.4  0.0 

Since  the  second  sample  from  Hole  No.  1  showed  considerable  im- 
provement over  first  one  taken  some  weeks  previous,  the  chemist  in- 
vestigated and  found  Hole  No.  1  was  located  in  a  depression  near  a 
pile  of  cinders  for  use  in  surfacing  tracks,  and  that  two  days  prior  to 
the  drilling  of  Hole  No.  1  a  rain  had  occurred  which  drained  through 
the  cinders  into  the  depression. 

After  Hole  No.  1  was  sampled,  it  was  fitted  with  a  small  pitcher 
pump  to  furnish  water  for  concrete  gangs  and  it  was  well  pumped  for 
two  or  three  weeks  prior  to  the  second  sample,  the  results  of  which  are 
given  in  the  preceding  paragraph.  This  afforded  opportunity  for  the 
water  to  clear  up.  The  fact  that  Holes  Nos.  1  and  2  were  only  6'  apart 
and  produced  such  radically  different  water,  would  indicate  the  direct 
effect  of  cinders. 

Another  location  with  which  you  arc  familiar  is  the  Missouri  Pacific 
wells  at  Dupo,  111.  The  Dupo  shop  grounds,  as  you  know,  are  surfaced 
over  a  very  large  area  with  cinders.  Water  from  wells  put  down  in 
1908  gave  following  analysis  in  1908  and  again  in  1915: 

Grains  per  ( rallon 

4-8-15  11-8-15 

Calcium    carbonate    10.96  16.42 

Magnesium   carbonate    4.12  4. "7 

Calcium     sulphate     0.0  0.0 

Magnesium    sulphate     0.0  4.86 

Oxide  iron  and  alumina 0.1S  1.13 

Silica    1.64  1.68 

Alkali  chloride  0.34  1.74 

Alkali   sulphate    0.10 

Sodium  carbonate  0.24 

(  >i  gallic    matter    J  37 

Total  Solids 19.92  30.80 
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A  second  well  put  in  at  Dupo  within  about  50'  of  old  wells  the 
early  part  of  this  year  tested  out  at  rate  of  1500  gallons  per  minute  and 
gave  following  analyses  when  sampled  at  a  four  months'  interval : 

Grains  per  Gallon. 

4-12-17  7-12-17 

Calcium   carbonate    13.50  22.50 

Magnesium   carbonate    7.25  0.0 

Calcium  sulphate   0.0  3.91 

Magnesium    sulphate    0.0  2.21 

Oxide  iron  and  alumina 1.50  0.21 

Silica    0.25  0.28 

Alkali  chloride   0.70  1.32 

Alkali     sulphate     0.20 

Sodium  carbonate   0.00 

Organic  matter  0.10 

Total   Solids    23.50  30.43 

R.  C.  Bardwell,  Chemist,  Missouri  Pacific  Company,  advises  when 
hauling  water  to  Fort  Scott,  Kas.,  by  work  train  the  past  February  he 
analyzed  the  water  in  the  tanks  and  found  same  to  have  a  total  hardness 
of  20  grains.  This  water  was  discharged  from  tank  cars  into  a  ravine 
but  in  reaching  same  had  to  flow  through  cinders  along  track  and  right 
of  way.  An  analysis  of  water  after  it  reached  the  ravine  showed  total 
hardness  of  58  grains,  an  increase  of  38  grains,  directly  traceable  to  the 
cinders. 

Although  not  directly  along  the  same  line,  the   following  are   some 
figures  given  out  by  Geological   Survey,  State  of  Illinois,  on  percentages 
of   well    waters    condemned   by   Water    Survey,    classified    by    depth 
years   1907  to   1914  inclusive: 

X  umber        Number 

Depth";.  'mined,  condemned.  Percent. 

Less   than  25' 1674  1264  76 

25'  to   50' 2316  1465  63 

50'  to  100' 1094  345  32 

More   than    100' 2800  347  12 

In  view  of  these  references  it  would  appear  much  could  be  gained 
by  a  more  careful  selection  of  well  sites,  so  as  to  get  beyond  the  reach  of 
cinder  effect. 

In  the  event  your  Committee  should  take  up  this  question  for 
investigation,    I    shall   be   glad   to    furnish   you    any    further    data    I    may 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  on  Buildings  respectfully  submits  herewith  its  re- 
port to  the  Nineteenth  Annual  Convention. 

The  following  subjects  were  assigned  the  Committee  by  the  Board 
of  Direction : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes,  with  especial  refer- 
ence to  appropriate  definitions. 

2.  Report  on  coaling  stations. 

3.  Report  on  freight-house  and  passenger  station  scales. 

4.  Report  on  ash  pits. 

5.  Report  on  a  classification  of  buildings  on  the  basis  of  "Specifica- 
tion Types,"  and  upon  the  use  of  the  "cubic  foot,"  "square  foot"  and 
"bill  of  particulars"  methods  for  ascertaining  the  approximate  cost  of 
new  construction. 

6.  Report  on  safety-tread  devices  for  stations  exposed  to  the  ele- 
ments. 

7.  Report  on  the  general  subject  of  roadway  buildings. 

8.  Report  on  design  and  merits  of  high  and  low  platforms  at  pas 
sciigcr  stations. 

9.  Report  on  design  of  shop  buildings. 

10.    Report  on  comparison  of  "umbrella"  versus  "butterfly"  sheds  at 
through  stations. 

COMMITTEE  MEETINi. 

Meetings  of  tin-  General  Committee  were  held  as  Follows:  At  \\u 
York,  June  12th  and  13th,  and  December  4th  and  5th;  .it  Chicago,  Jan- 
uary 15th. 

(1)     REVISION  OF    M  \\i    \l 

<  )n  this  subject  th<  Committee  has  no  recommendations  t"  make  in 
tli.  Manual  at  this  time.  A  scries  of  definitions  pertaining  to  the  snl> 
|ed  "'   "Buildinj       are  submitted  in    appendix    \  ..-  a  pi  report 
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(6)     SAFETY-TREAD  DEVICES  FOR  STATIONS  EXPOSED  TO 
THE  ELEMENTS. 

In  Appendix  B  the  Committee  submits  a  report  on  this  subject,  to- 
gether with  conclusions  and  recommendations,  which  are  submitted  for 
adoption  and  publication  in  the  Manual. 

(8)  DESIGN  AND  MERITS  OF  HIGH  AND  LOW  PLATFORMS 

AT  PASSENGER  STATIONS. 

In  Appendix  C  the  Committee  submits  a  report  on  this  subject,  with 
conclusions,  and  recommends  their  adoption  and  publication  in  the 
Manual. 

PROGRESS  REPORTS. 

The  Committee  reports  progress  on  Subjects  (2),  (3),  (4),  (5),  (7), 

(9)  and   (10). 

CONCLUSIONS. 

1.  The  Committee  recommends  the  definitions  of  terms  given  in 
Appendix  A  be  received  as  a  progress  report. 

2.  It  is  recommended  that  the  conclusions  and  recommendations 
given  in  Appendix  B  be  approved  and  published  in  the  Manual. 

3.  It  is  recommended  that  the  matter  in  Appendix  C  be  adopted  and 
published  in  the  Manual. 

RECOMMENDATIONS  FOR  FUTURE  WORK. 

The  Committee  recommends  that  Subjects  2,  3,  4,  5,  7,  9  and  10  be 
reassigned  for  the  coming  year. 

Respectfully  submitted, 

The  Committee  on  Buildings. 
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DEFINITIONS. 

Station. — A  building  for  the  accommodation  of  passengers  or  freight 
at  termini  or  at  intermediate  points. 

Passenger  Station  Building. — A  building  serving  as  a  starting  point  or 
stopping  place  for  passengers. 

Freight  Station  Building. — A  building  used  exclusively  for-  the  re- 
ceipt,  storage,   transfer,   or  delivery  of   freight. 

Combination  Station  Building. — A  building  used  jointly  for  the  accom- 
modation of  passengers,  and  for  the  receipt  and  delivery  of  freight. 

Transfer  Shed. — A  long  platform,  generally  covered  and  placed  at  dis- 
tributing points  on  railroad  system,  where  loads  for  miscellaneous 
destination  may  be  redistributed  into  full  carloads  for  final  delivery. 
These  are  sometimes  combined  in  a  freight  house  layout  and  called 
transfer  platforms. 

Transfer  Crane. — A  stationary  crane,  having  side  supports  and  bridge 
framed  together,  spanning  tracks,  and  used  to  facilitate  the  handling 
of  heavy  commodities  from  cars  to  tracks  or  vice  versa. 

Gantry  Crane. — A  power-driven  crane  with  supports  and  bridge  framed 
together,  made  to  travel  on  grade  level,  spanning  tracks  and  running 
parallel  to  same,  used  for  loading  or  unloading  heavy  commodities. 

Shop  Buildings. — Various  structures  for  the  making  of  repairs  to  loco- 
motives, engine  erecting,  boiler  and  blacksmith  work,  car  building 
and  repairing,  dry  kiln  for  lumber,  and  other  branches  of  work. 

Roundhouse. — A  semi-circular  building,  containing  locomotive  stalls  cen- 
tering toward  a  turntable  or  yard.  These  houses  equipped  with 
drop  pits  for  cleaning  and  repair  of  locomotives;  truck,  driver  and 
tender  wheel  pits  at  right  angles  to  drop  pits  and  covering  at  least 
two  stalls  for  dropping  the  several  wheels  mentioned.  Houses  arc 
sometime*  fitted  with  traveling  or  stationary  cranes  for  removing 
various  parts  of  locomotives. 

When  house  is  built  in  rectangular  form,  the  name  "roundhouse" 
would  hardly  apply.  The  name  "enginehouse"  would  no  doubt  be 
more  suitable. 

Turntable. — A  revolving  platform  for  turning  locomotives  or  cars. 

Transfer  Table. — A  traveling  platform  driven  transversely  for  moving 
locomotives  or  cars   from  one  parallel  track  to  another. 

Coaling  Stations. — A  structure  or  appliance  for  the  storing  and  de- 
livering of  coal  to  tenders. 

Sand  House.  A  structure  for  the  drying  and  storing  of  sand  and 
delivering  same   to   locomotives   by  gravity. 

(>n    House.    A  structure  above  ground  or  basement  pit  for  the  storage 
of  oil  tanks  containing   the  various  oils  used  for  locomotives,  i 
and  simp  requirements. 

Water  Station.    A  large  receptacle  or  structure,  built  of   wood,  con 
crete  or  metal,  for  the  storage  of  water  supplying  engine  tanks  and 
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i    House.—A  building  at  or  mar  a   water  supply  station,  containing 
the   pumping  apparatus. 

Signal  Tower.— A  tower  or  structure  from  which  to  display  a  sema- 
phore or  other  signal  or  to  operate  mechanical  signals  approxi- 
mately to  same. 

Interlocking  Tower. — A  tower  or  structure  containing  the  mechanism 
for  operating  the  switches  and  signals  in  yards  when  of  the  inter- 
locking type. 

Hose  House.-  A  structure  containing  hose  and  other  equipment  in  yards 
or  other  places   for  fire  protection. 

\\  \m  ii  Box-  A  shelter  at  road  or  street  crossing  to  protect  the  cross- 
ing  watchman. 

\    storage   place   for   shelter  and   safety  of  tools  or  other 
equipment  used    for  track  maintenance. 

Sei  110      iloi  se, — A  structure  for  housing  section  foreman  and  family. 

Bunk    HOUSE. — A  structure  for  housing  track  or  other  railway  laborers. 

Subways. — An  underground  passageway  at  certain  types  of  passenger 
stations  leading  from  main  building  across  under  tracks.  Where 
intermediate  platforms  occur,  inclines  or  stairways  are  provided 
leading  from  main  passage  up  to  train  floor  level.  By  this  arrange- 
ment passengers  are  enabled  to  reach  or  leave  trains  without  cross- 
ing tracks. 

Subways  are  sometimes  used  for  other  purposes,  such  as 
handling  of  baggage  in  place  of  stairs  or  inclines.  Elevators  are 
installed  at  certain  points  for  raising  and  lowering  trucks  from  sub 
to  main  floors  of  building. 

STOCK  Yard.— An  enclosure  for  stock,  usually  built  with  a  running 
board  fence.  The  enclosure  is  subdivided  into  pens  facing  on  alley 
or  runway.  This  runway  connects  up  with  incline  and  loading 
platform.  Pens  an-  sometimes  fitted  with  feeding  racks-  and  water 
nnections  for  taking  care  of  stock  till  ready  for  loading,  and 
shipping    to   destination. 

POWER  Hoi  si.  A  structure  containing  apparatus  for  supplying  power, 
air,   steam    and   current    for  various   purposes. 

Si  b- STATION. — A  structure  containing  apparatus  for  transforming  and 
distributing   electrical   current. 

WAREHOUSE.      A   building   used    for   the   storage  of    freight. 

Sioki  1  lorsKS. — Buildings  for  the  storage  and  distribution  of  miscel- 
laneous materials  used  in  railway  work.  Oil  basements  are  some- 
times built  in  connection  with  store  houses.  Tanks  are  placed  in 
underground  basement  and  filled  by  gravity  from  tank  cars.  Oil 
is   distributed    from   main   floor  by  self-measuring  pumps. 

Scrap  Bins  and  Platforms. — A  facility  for  collection  of  cuttings  and 
other  merchantable  scrap  until  disposed  of. 

Car  Repair  Sheds.— Buildings  grouped  in  connection  with  car  repair 
yards  for  shop  work  of  various  kinds  in  connection  with  same. 
These    buildings    are    sometimes    built    with    open    sides,    when    more 
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than  one  track,  house  provision  should  be  made  for  ample  light  from 
overhead  for  lighting  working  space  between  lines  of  cars. 

Ice  House.- — A  structure  for  the  storage  and  distribution  of  ice  for 
trains  or  other  uses  and  protection  of  perishable  freight. 

Office  Building. — A  structure  for  the  accommodation  of  clerical,  tele- 
graphic, engineering  or  other  forces. 

Rest  Room. — A  structure  containing  rest  and  recreation  rooms,  sleep- 
ing quarters,  lunch  rooms,  lockers,  baths,  etc.,  for  the  accommoda- 
tion of  trainmen  and  other  employees  at  terminals. 

Pier  (Dock  or  Wharf). — A  covered  or  open  structure  extending  out 
into  the  navigable  waterway,  or  parallel  to  shore  of  same  for  the 
receipt  or  delivery  of  freight  from  or  to  vessels  with  tracks  on  or 
adjacent  to  same,  where  used  in  connection  with  railway  terminal. 

Locomotive  Washing  Platform. — A  slightly  depressed  platform  under 
engine  tracks  in  terminals.  These  are  used  for  washing  and  clean- 
ing engines,  and  are  drained  to  sewer. 

Thawing  Shed. — An  insulated,  healed  structure  used  for  thawing  out 
frozen  commodities  in  bulk  at  export  terminals. 

Monitor. — A  raised  portion  of  roof  to  obtain  light  or  ventilation  from 
vertical  sides  or  ends. 

I'i  i  House.— A  projection  above  the  roof  of  a  building  to  provide  exit 
onto  roof.     House  elevator,  machinery  or  other  similar  purposes. 

Bknt. — A  structural  unit  in  a  trestle  or  framed  structure,  placed  at 
regular  intervals. 

Platforms. — A  raised  walk  upon  which  passengers  alight  from  railroad 
cars.     Platforms  are  built  of  wood,  concrete,  brick  or  cinders. 

Saw  Tooth  Truss. — A  special  form  of  roof  construction  built  in  bents 
having  a  vertical  or  slightly  sloping  face.  This  portion  of  bent  is 
glazed  and  usually  built  facing  the  north,  so  as  to  obtain  lighl  with- 
out sun  rays. 

Elevators. — Buildings  used  Ear  storage,  cleaning,  grading  and  distribu- 
tion of  grains. 

Train  Shed.  Usually  built  covering  two  or  more  tracks.  Roof  and 
sid<  -  g<  ih  rally  fitted  with  skylights  or  prismatic  skylights  and  s|,.ts 
for  ventilation. 

r.i  rrERFLY  Sheds.  Usually  a  one-posl  structure  having  spreading  eaves 
with  drainage  sloping  hack  to  center  of  sail 

Umbreli  \    Sheds.     Same   as   butterfly,   but    roof   slopes   to   outer  • 

These  sheds  are  buill  <>n  depol  platforms  between  h'rtes  ol  track  and 
afford  onlj   partial  protection  to  pat 

es.     An   apparatus    for   v  lit    and   baggage.      In    ,; 

houses  the  dial  rally  used     Th 

oi  and  tend  to  rapid  handling  of  loads  over  BC&le  platforms 

Ti  a<  1     call     an    used   foi    w  i  ighing  loaded  or  emprj   i  a 

SCALI     Hot     i         \     in  ill  mm  rally  huilt    in  connection   with   track 

nil  and  scales      Scale  beams  are  brought  up  inside  "i   building 
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(6)     PROVISIONS     TO     INSURE     SAFE     WALKING     IN     AND 

ABOUT  PASSENGER  STATIONS. 

G.  H. 'Gilbert,  Chairman,  Sub-Committee. 

The  managements  of  American  railways  have  made  a  wonderful 
record  during  the  last  decade  or  two  in  safeguarding  the  lives  of  the 
public  traveling  upon  trains.  They  should  seek  equal  reputation  for 
safeguarding  the  lives  of  passengers  in  and  about  stations,  by  the  use  of 
those  provisions  which  experience  has  shown  to  be  helpful,  and  to  which 
so  much  attention  is  being  directed  by  the  "Safety  First"  movement  of 
recent  years. 

Formerly,  shock  and  horror  over  loss  of  life  was  associated  in  the 
public  mind  largely  with  railroad  wrecks.  Doubtless,  this  was  due  to 
the  spectacular  manner  in  which  lives  were  lost,  and  the  prominence 
immediately  given  such  accidents  by  the  daily  press.  Even  loss  of  life  in 
fires  and  elevator  accidents  seldom  had  equal  news  value,  nor  was  of 
such  national  interest.  Spurred  on  by  this  public  consciousness,  the  rail- 
way managements  have  used  every  possible  means  at  their  disposal  to 
render  the  lives  of  passengers  on  trains  wholly  safe.  Through  the  use 
of  the  air  brake,  modern  signal  systems,  improved  rolling  stock,  and  in 
countless  other  ways,  the  lives  of  railroad  passengers  have  been  so  safe- 
guarded that  to-day  statistics  show,  and  it  is  generally  known,  that  rail- 
road traveling  is  as  safe,  if  not  safer  than  any  other  form  of  transporta- 
tion, ordinary  walking  included. 

To-day,  the  great  stress  laid  upon  safety  of  human  life  by  the 
"Safety  First"  movement  has,  to  some  extent,  broadened  the  outlook 
of  the  public,  and  brought  a  realization  that  the  great  need  for  improve- 
ment in  safeguarding  life  lies  in  the  ordinary  risks  of  the  industrial 
world,  and  those  incidental  to  the  common  activities  of  life.  The 
"Safety  First"  movement,  recognized  as  a  wonderful  humanitarian  force 
and  as  yielding  results  economically  sound  from  a  purely  business  view- 
point, has  been  adopted  not  only  by  large  industrial  corporations,  but 
also  by  governmental  bodies  and  labor  organizations  seeking  to  improve 
the  working  conditions  and  safeguard  the  lives  of  workmen.  The  atten- 
tion given  this  movement  has  centered  largely  upon  the  causes  of  acci- 
dents and  the  resultant  loss  of  life,  or  the  character  and  extent  of  in- 
juries received.  Statistics  obtained  in  this  manner,  it  is  surprising  to 
note,  show  thai  the  great  majority  of  accidents  are  due  to  trivial,  com- 
monplace causes.  Accidents  while  walking,  due  to  colliding  of  persons 
with  each  other,  or  to  slipping  or  stumbling  on  stairways  and  on  level 
surfaces,  arc  of  alarming  economical  importance  where  traffic  is  dense. 
The  American  public  can  reasonably  expect  that  railway  passenger  sta- 
tions shall  be  as   free  from  risk  of  this  character  as  possible,  and  that 
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provisions  to  safeguard  walking  in  and  about  stations  shall  be,  at  least, 
as  good  if  not  better  than  can  be  found  elsewhere. 

Careful  attention  should  be  given  to  the  experience  of  those  rail- 
roads handling  heavy  traffic,  and  to  the  statistics  of  those  agencies  which 
are  concerned  with  and  seek  to  reduce  the  risk  of  personal  injury,  and 
are  engaged  in  this  work  along  statistical  and  scientific  lines.  The  trans- 
portation agencies  of  large  cities,  that  is,  the  great  railroad  systems  and 
the  elevated  and  underground  electric  roads,  have  found  it  necessary  to 
give  their  best  attention  to  methods  to  insure  safety  in  handling  large 
crowds  in  rush  hours  going  to  and  from  passenger  stations  and  while 
waiting  in  stations  and  on  platforms.  The  experience  of  these  com- 
panies may  well  be  used  by  the  railroads  generally  throughout  the  coun- 
try to  avoid  certain  recognized  causes  of  accidents  in  and  about  station 
buildings,  and  to  safeguard  the  public  as  much  as  possible  against  per- 
sonal injury  from  slipping,  tripping  and  falling.  The  railroads  handle 
through  passenger  stations  day  in  and  day  out  enormous  crowds  of 
hurrying,  bustling  people,  and  the  responsibility  rests  upon  the  railroad 
companies  to  use  in  handling  these  crowds,  all  safeguards  which  experi- 
ence shows  are  needed,  and  which  may  be  known  to  be  preventives,  if 
due  attention  is  given  to  the  vast  amount  of  statistical  information  which 
gradually  is  being  accumulated  by  insurance  companies,  safety  bureaus 
of  large  corporations,  and  compensation  or  other  workmen's  bureaus  of 
the  various  states.  Requirements  imposed  by  law  regarding  the  handling 
of  people  in  crowds  are  concerned  almost  wholly  with  school  children, 
factory  employes,  and  crowds  in  theaters  or  auditoriums. 

When  railroads  construct  depots,  or  extensively  alter  existing  sta- 
tions, they  should  be  guided  by  these  lawful  requirements  and  incor- 
porate in  the  plans  as  many  safeguards  as  practicable.  The  cost  of 
safety  provisions  is  generally  insignificant;  the  main  requirement  being 
that  consideration  and  thought  be  given  to  certain  features  of  safety, 
which  are  simply  matters  of  common  sense  to  those  with  experience  in 
such  matters.  A  direct  effort  should  be  made  to  eliminate  and  reduce 
all  recognized  risks  of  personal  injury  as  shown  by  the  experience  of 
insurance  companies  and  safety  bureaus.  Many  little  details  of  construc- 
tion can  be  changed,  and  many  standards  of  maintenance  improved,  with 
beneficial  results. 

The  risk  to  pedestrians  of  accidents  resulting  in  personal  injury, 
particularly  those  due  to  slipping,  tripping  and  falling  is,  doubtless,  many 
times  greater  around  passenger  stations  than  it  is  on  ordinary  sidewalks 
or  other  crowded  plans  in  cities.  There  are  few,  if  any,  other  places 
with  such  crowds  in  continuous  motion,  where  the  thoughts  of  the  indi- 
viduals arc   so  fixed   upon    matters    foreign   to   their   personal    safety.      The 

ii  who  travels  infrequently  is  often  worried  about  tickets,  baggage, 
arrival  and  departure  of  trains,  or  about  other  members  of  hi-  or  hei 
immediate  family;  while  the  more  experienced  travelers  are  apt  to  catch 
trains  at  the  last  minute,  or  hustle  awaj  from  trains  to  keep  engage 
incuts;  thus  having  that   mental  attitude  that   tends   to  carelessness  and 
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;-mindedness.  Not  only  must  safeguards  be  thrown  about  the 
ordinarj'  careless  or  normally  healthy  individual,  but  due  consideration 
must  be  given  to  the  safety  in  crowds  of  the  sick,  the  aged  and  the  in- 
firm, the  small  child,  the  mother  with  baby  in  arms  and  possibly  other 
children  dragging  behind,  and  also  the  foreigner,  who,  perhaps,  cannot 
read.  As  trains  arc  about  to  leave,  late-comers  with  heavy  and  big  bags 
or  suitcases,  rushing  about,  are  a  potential  menace  to  all  who  may  be 
in  their  paths,  and  similar  conditions  exist  with  inbound  passengers  who 
may  have  arrived  on  late  trains  and  who  rush  for  other  trains  or  to 
keep  appointments  already  overdue. 

People  around  passenger  stations  are  injured  in  many  ways — they 
cross  tracks  and  are  hit  by  moving  trains,  they  stand  so  close  to  the 
edge  of  platforms  that  either  by  reason  of  carelessness  or  by  being 
shoved  by  crowds,  they  are  hit  by  engines  or  cars  and  they  collide  with 
baggage  or  express  trucks,  or  are  hit  by  packages  falling  from  them ; 
they  are  sometimes  injured  by  colliding  with  each  other,  particularly 
whin  carrying  large  hand  baggage.  When  boarding  or  leaving  trains, 
they  sometimes  misstep  or  slip,  they  stumble  and  fall  on  stairways,  and 
even  on  level  surfaces  such  as  platforms,  sidewalks  and  waiting-room 
floors. 

All  such  accidents  can  be  considered  in  two  groups : 

(1)  Those  due  to  colliding  of  persons  with  each  other,  or  with 
train-,   trucks,  hand  baggage,  etc. 

(2)  Those  due  to  slipping  and  tripping  on  stairways,  ramps,  plat- 
forms,  level  surfaces,  etc. 

The  colliding  of  persons  with  objects  or  with  each  other  is  the 
direct  result  of  cross  currents  of  travel,  which  can  be  either  partially 
(<v  wholly  avoided  by  proper  arrangement  and  layout  of  stations,  and  by 
proper  safeguards  for  handling  crowds.  This  assumes  that  the  character 
of  the  future  traffic  and  needs  of  the  people  to  be  handled  are  well 
known  and  anticipated  at  the  time  plans  are  made.  Fortunately,  all 
those  arrangements  which  make  for  convenience  and  speed  in  handling 
crowds  also  tend  to  safety,  so  that  with  few  exceptions,  a  study  of  means 
to  handle  people  rapidly  will  also  be  a  study  to  handle  them  safely. 

At  large  terminal  stations,  where  density  of  traffic  justifies  such 
arrangements,  avoidance  of  cross  currents  of  travel  and  separation  of 
the  hustling,  bustling  traveler  from  the  person  at  leisure  can  be  largely 
accomplished  as   follows : 

(1)  By  separating  inbound  and  outbound  traffic  as  much  as  pos- 
sible so  far  as  main  currents  of  travel  are  concerned. 

(2)  By   separating  through   traffic    from  local,   or  suburban,   traffic. 

(3)  By  furnishing  for  inbound  traffic  as  direct  exits  as  possible 
to  carriage  ways  and  stands,  to  sidewalks  of  main  thorough  fares,  and  to 
electric  cars.  Similar  arrangements  can  be  made  for  outbound  traffic, 
so  that  most  of  the  crowds  will  not  have  occasion  to  pass  through  the 
main  waiting  room,  or  even  traverse  any  great  length  of  concourse. 


BUILDINGS.  251 

(4)  By  locating  the  waiting  rooms  for  men  and  women,  lavatories, 
ticket  offices,  baggage  checking  windows,  and  parcel  windows  so  as  to 
be  readily  accessible  from  all  main  lines  of  travel,  with  particular  atten- 
tion to  locating  entrances  to  such  conveniences  away  from  corridors  and 
walkways  which  are  crowded  in  rush  hours. 

(5)  By  separating  and  grouping  people  by  signs  or  bulletins,  and 
doing  this  as  early  as  possible,  particularly  in  concourses  and  in  handling 
people  gathering  about  gates  leading  to  the  trains.  There  should  be  large 
signs  to  guide  a  person's  travel  as  soon  as  he  enters  a  concourse,  par- 
ticularly to  keep  him  from  passing  through  crowds  gathered  near  train 
gates.  The  use  of  small  signs  to  convey  information  in  concourses  is 
the  cause  of  much  confusion  and  unnecessary  hurried  travel. 

To  guide  crowds  of  people  by  information  given  verbally  or  audibly 
is  not  very  satisfactory,  even  when  such  information  is  given  simultane- 
ously by  annunciators  in  many  parts  of  a  station.  The  intelligence  of 
people  should  be  utilized  by  signs,  lights  and  bulletins.  The  giving  of 
information  audibly  will  be  improved  if  proper  attention  be  given  in 
station  design  to  acoustics.  Many  concourses  are  needlessly  crowded 
by  people  waiting  for  delayed  trains,  often  grouped  where  they  interfere 
with  inbound  passengers,  when  the  same  people  would  prefer  to  sit  in 
main  waiting  rooms  or  stand  around  scattered  instead  of  in  dense  groups 
if   suitable  bulletin   notices  were   furnished   and  prominently   displayed. 

At  most  large  stations,  colliding  of  passengers  with  baggage  and  ex- 
press trucks  could  have  been  either  wholly  or  largely  avoided  at  a  rea- 
sonable expense  if,  at  the  time  the  original  plans  were  made,  this  mat- 
ter had  been  deemed  of  sufficient  importance.  At  one  depot,  alternate 
platforms  are  used  for  trucking  purposes  only  and  at  a  Few  other  depots 
there  is  practically  full  separation  of  passenger  travel  and  trucking. 
However,  most  of  the  union  depots  recently  built  are  planned  merely  to 
reduce  interference  to  as  great  an  extent  as  possible.  This  is  generally 
accomplished  by  the  use  of  elevators  located  at  each  end  of  the  regular 
tiger  platforms,  so  that  baggage,  mail  and  express  can  be  taken  to 
subways  or  overhead  passageways  not  used  by  passengers. 

These  matters  are  so  self-evident  and  of  such  general  convenience 
ili.it  u  would  set  in  that  suitable  arrangements  would  have  been  incor- 
porated in  the  plans  of  any  large  station  building  during  the  last  ten  or 
,i  years.  Yet,  n  is  e.i  \  to  find  many  instances  where  apparently 
these  provisions  for  safetj  and  conveniena  have  nol  been  given  very 
iei  ious  c<  msidei  ation. 

In  choosing  locations  and  making  plans   for  small,  or  way,  stations, 
ialh    where   then    an    two   or   more    tracks,    the    following    safety 
features  should  nol  be  ignon  d : 

(1)     Stations  should  be  located,  ii  possible,  on  that  side  of  th<    rail 
road  from   which  the  greater  number  nl   p;  /e  and  de 

al  grade   foi    >  ithei    \ i  liu  l<  s  or  pedestrians. 
ii  is  d<  tirable  when    it  is  possible  to  provide  heart) 
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a  subway  or  overhead  structure,   either  at  the  time  of   construction   or 
later  as  traffic  becomes  heavier. 

(3)  Intertrack  fences  can  be  used,  extending  far  enough  to  make 
it  more  inconvenient  to  cross  the  tracks  than  to  use  provided  avenues 
of  travel. 

(4)  Overhead  structures  or  subways  for  the  use  of  passengers 
should  preferably  be  provided  in  connection  with  intertrack  fences. 

(5)  Island  platforms  can  be  used. 

(6)  Dead  lines  on  platforms  can  be  used. 

(7)  Fences,  or  gates,  should  be  so  connected  to  station  buildings 
so  as  to  keep  people  off  of  platfoims,  except  when  trains  are  due  to 
arrive  or  depart. 

When  way  stations  must  be  located  in  the  vicinity  of  grade  cross- 
ings, as  much  clear  distance  as  possible  should  be  left  between  the  street 
and  the  station.  The  arrangement  of  buildings  and  tracks  should  be 
considered  with  the  object  of  providing  a  clear  view  of  approaching 
trains,  and  also  of  giving  an  engineer  a  reasonable  outlook.  The  location 
of  a  station  abutting  directly  upon  a  street  crossing  tracks  at  grade, 
constitutes  a  death  trap  alike  to  people  in  vehicles  and  to  pedestrians, 
even  though  gates  are  provided.  The  separation  of  traffic  at  way  sta- 
tions on  double-track  roads  and  the  observance  of  many  of  the  safety 
provisions  above  mentioned  are  illustrated  at  many  of  the  modern  sta- 
tions built  by  such  roads  as  the  Delaware,  Lackawanna  &  Western 
Railroad,  Pennsylvania  Railroad,  and  New  York  Central  Lines,  espe- 
cially on  four-track  lines.  Some  of  these  safety  provisions  have  been 
used  in  connection  with  very  attractive  architectural  and  landscape  gar- 
dening features.  The  following  articles,  descriptive  of  various  station 
arrangements,  may  be  of  interest : 

Railway  Age  Gazette,  March     6,  1914 — Union  Station, 

Wichita,  Kansas. 
"        July       10,  1914 — New  York  Central  Station, 
Utica,  N.  Y. 
Nov.      17,  1916— Union  Station, 
Dallas,  Texas. 
Jan.       30,  1914— Great  Northern  Station, 
Minneapolis,  Minn. 
"  "  "        Jan.         9,  1914 — Michigan  Central  Station, 

Detroit,  Mich. 
Engineering  Record,     Dec.       25,  1915 — Southern  Pacific  Station, 

Los  Angeles,  Cal. 
Nov.        4,  1916 — Proposed  Union  Station, 
Chicago,  111. 
Engineering  News,        April       1,  1915 — Union  Depot, 

Denver,  Colo. 
July       30,  1914— Jersey  Central  Station, 
Jersey  City,  N.  J. 

Your  Committee  endeavored  to  compile  data  showing  the  practice 
throughout  the  country  as  to  separation  of  traffic,  but  the  reports  re- 
ceived  were   incomplete,    and   if   published,    would  be   misleading.      Such 
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information  as  was  obtained  has  been  compiled  in  blueprint  form,  and 
copies,  if  desired,  can  be  obtained  from  the  Chairman  of  this  Committee. 
The  table  given  below  shows,  for  certain  selected  lines  where  two  or 
more  tracks  are  in  use,  the  total  number  of  way  stations  and  the  pro- 
portion where  traffic  is  largely  separated  by  subways,  intertrack  fences 
and  similar  arrangements.  Most  of  the  separation,  however,  is  made 
on  those  portions  of  the  lines  where  there  are  four  tracks ;  in  fact, 
reports  received  show  that  generally  for  unimportant  way  stations  on 
double  track,  there  is  very  little  separation  of  traffic: 


Railroad. 


Line. 


Total 

number 

Way 
Stations. 


Number 

where 

traffic  is 

largely 

separated. 


P.   &   R 

P.    &    R 

N.  Y.  N.  H.  &  H.  R. 

Pennsylvania 

C.   &   N.   W 

C.   &  N.  W 

C.  R.  R.  of  N.  J.. 
N.  Y.  C.  Lines... 
N.   Y.   C.   Lines... 

B.    &  A 

B.    &   O 


New  York  to  Reading- 

Philadelphia  to  Atlantic  City.... 
Boston  to  New  York  (Shore  Line 

New  York  to  Pittsburgh 

Chicago   to   Omaha 

Chicago    to    Milwaukee 

Jersey  City   to   Scranton 

New  York  to  Buffalo 

Buffalo    to    Chicago 

Boston    to   Albany 

Philadelphia   to    "Washington 


71 

38 

112 

212 

104 

38 

90 

127 

123 

63 

60 


27 

17 

50 

120 

12 

26 

21 

93 

8 

3 

15 


In  connection  with  the  matter  of  safety  of  passengers  while  wait- 
ing on  platforms  at  way  stations,  the  replies  received  from  the  various 
roads  indicate  that  reliance  is  placed  mainly  upon  the  use  of  fences  and 
gates  to  keep  passengers  off  of  platforms  until  such  time  as  they  can  be 
allowed  to  use  platforms  without  risk  from  through  trains.  A  number 
of  roads  use  dead  lines.  The  N.  C.  &  St.  L.  Ry.  paints  a  line  4  in. 
wide  located  4  ft.  from  the  edge  of  the  platform,  with  the  words,  "Safety 
First."  The  Rock  Island  also  places  dead  lines  4  ft.  from  the  edge  of 
the  platform.  The  Frisco  places  them  9  ft.  6^  in.  from  the  center  line 
of  track. 

Passengers  using  car  steps  at  a  low  station  platform,  sometimes 
slip  or  fall  either  on  the  car  steps  or  by  not  stepping  properly  on  the 
step  box  when  used ;  sometimes  they  even  step  between  the  edge  of  the 
platform  and  the  car  step.  The  location  of  the  edge  of  the  platform 
with  reference  to  the  car  steps  and  the  height  of  the  platform  with 
reference  to  the  lowest  step  is,  therefore,  important  from  a  safety  stand- 
point, especially  in  view  of  the  large  number  of  personal  injury  cases 
which  occur  while  passengers  arc  boarding  or  leaving  trains.  The  prac- 
tice of  railroads  throughout  the  country  in  regard  to  elevation  of  plat- 
form relative  to  the  top  of  rail  shows  one  group  of  roads  placing  the 
platform    level    with    top    of    rail,    another    group    using    a    distance    of 

3  in.  to  4  in.,  and  a  third  group  usin^  6  in.  to  7  in.  Tin-  distance  from 
center  of  track  to  edge  of  platform  varies  generally  from  4  ft.  3  in.  to 
5  ft.  4  in.,  with  5   It.  0  in.  largely  used,  hut   with  many  roads  Using  about 

4  ft.  6  in.  One  road  even  extends  certain  kinds  of  platforms  out  against 
tin-  rail.    There  is  equal  lack  "t~  uniformity  in  the  location  <••'  car  steps 
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A  great  deal  of  modern  passenger  equipment  either  has  steps  with 
three  treads  with  the  bottom  step  22  to  23  in.  above  top  of  rail,  or  else 
has  another  step  which  brings  the  bottom  step  about  15  to  16  in.  above 
top  of  rail.  With  the  latter  construction,  the  edge  of  the  bottom  step 
is  a  few  inches  short  of  5  ft.  from  the  center  line  of  track. 

The  location  of  platform  with  reference  to  center  of  track  involves 
so  many  clearance  features,  and  is  so  dependent  upon  car  construction 
that  your  Committee  does  not  feci  warranted  in  making  any  recommenda- 
tions as  to  the  proper  location  of  the  platform.  However,  so  far  as  the 
location  of  platform  with  reference  to  the  lowest  car  step  can  be  deter- 
mined by  considerations  of  safety  to  passengers,  it  seems  evident  to  your 
Committee  that  the  car  steps  should  extend,  if  possible,  out  to  the  edge 
of  the  platform,  and  that  it  should  be  possible  to  step  off  the  car  and 
down  to  the  platform  without  using  a  step  box,  and  without  a  greater 
vertical  drop  than  is  given  by  the  risers  of  the  car  steps.  Many  of  these 
risers  are  about  9  in.  Clearances  adopted  for  third  rail  construction 
make  it  convenient  (see  page  1256,  1917  Proceedings),  although  pos- 
sibly not  strictly  necessary  for  the  tread  of  the  lowest  car  step  to  be  not 
less  than  15  in.  above  top  of  rail.  It,  therefore,  would  seem  that  if  the 
step  from  car  to  platform  should  not  exceed  the  riser  of  the  car  step, 
that  the  elevation  of  station  platform  should  be,  from  this  viewpoint 
alone,  not  less  than  6  in.  above  top  of  rail.  However,  as  above  indicated, 
it  is  questionable  to  what  extent  the  location  of  station  platforms  with 
reference  to  car  steps  can  be  determined,  purely  upon  the  basis  of  a 
desirable  arrangement  from  the  viewpoint  of  safety  and  convenience  to 
passengers. 

The  use  of  high  station  platforms,  level  with  car  platforms,  would 
be  ideal  from  the  viewpoint  of  both  speed  and  safety  in  handling  pas- 
sengers, if  only  the  open  space  between  car  and  station  platform  were 
bridged  over,  and  free  from  risks  of  slipping  and  stumbling.  Where 
such  platforms  are  now  in  use,  it  is  necessary  to  caution  passengers  con- 
tinually in  such  words  as,  "Watch  Your  Step,"  to  keep  them  from  care- 
lessly stepping  in  the  open  space.  While  at  subways  and  elevated  elec- 
tric roads  this  space  can  be  kept  very  narrow,  as  the  dimensions  of 
rolling  stock  are  fixed;  yet,  on  railroads,  this  space  may  be  quite  wide 
due  to  the  necessity  of  interchanging  equipment  and  the  lack,  in  this 
country,  of  standardization  and  restrictions  in  the  size  of  rolling  stock 
At  terminal  and  way  stations,  where  only  passenger  traffic  is  handled, 
the  high  platform  is  much  to  be  preferred.  It  is  used  at  both  the  Grand 
Central  and  the  Pennsylvania  stations  in  New  York  City;  and  these  in- 
stallations should  control,  doubtless,  the  location  of  the  edge  of  the  plat- 
form with  reference  to  the  center  of  the  track.  It  is  not  likely  that 
the  Pullman  Company  nor  many  of  the  larger  railroad  systems  will  build 
much  passenger  equipment  too  large  to  be  handled  upon  occasion  at  these 
modern  terminals.  The  distance  from  edge  of  platform  to  center  of 
straight  track  at  the  Grand  Central  station  is  5  ft.  5  in. ;  and  at  the 
Pennsylvania  station  is  5  ft.  3  in.     At  other  stations  on  the  Pennsylvania, 
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equipped  with  high  platforms,  where  tracks  are  used  as  running  tracks 
by  freight  trains,  it  is  5  ft.  5  in. 

The  advisability  of  using  high  platforms  at  way  stations,  where 
through  passenger  and  freight  trains  pass  at  high  speed,  is  questionable. 
It  is  almost  a  necessity  for  quick  and  safe  handling  of  many  people  at 
suburban  and  transfer  stations,  but  the  use  of  such  platforms  restricts 
the  interchangeability  of  freight  equipment,  may  prevent  the  special 
handling  of  extra  wide  loads,  and  may  occasion  serious  and  great  loss 
of  life  with  derailments  or  faulty  equipment. 

There  is  practically  no  uniformity  in  the  location  of  either  high  or 
low  platforms,  and  probably  there  will  not  be  until  the  size  of  rolling 
stock,  and  the  construction  and  location  of  car  steps  and  car  platforms 
has  been  standardized  throughout  the  country.  Until  that  time,  the 
hazards  of  injury  to  persons  boarding  and  leaving  cars  can  only  be  re- 
duced by  the  use  of  safety  treads,  well  designed  step  boxes,  and  the 
use  of  porters  or  flagmen  at  all  steps  to  assist  and  caution  passengers. 

The  hazard  of  slipping,  tripping  and  falling  always  exists  with  steps 
or  stairways,  but  the  chances  of  personal  injury  are  increased  many 
times  when  people  collide  with  each  other  or  with  objects  on  stairways 
or  ramps.  This  sort  of  collision  should  be  recognized  as  extremely  dan- 
gerous, and  as  almost  wholly  avoidable  by  the  observance  of  those  regu- 
lations and  laws  framed  primarily  to  save  life  in  times  of  panic,  due  to 
fire.  This  matter  will  be  discussed  later  in  connection  with  specifications 
for  safety  provisions  in  the  design  of  stairways. 

Slipping,  tripping  and  falling  of  persons  on  level  surfaces,  as  well 
as  on  stairways,  is  much  more  common  and  far  more  serious  and  eco- 
nomically important  than  is  commonly  understood.  People  trip  over  the 
slightest  projection  above  the  general  walking  surface,  they  stumble  over 
low  objects  and  hit  against  projections.  They  slip  on  smooth  and  worn 
iron  parts,  on  vault  lights,  worn  places  in  floors ;  in  fact,  a  certain 
slipping  hazard  seems  to  be  incidental  to  even  walking  on  unobstructed 
level  surfaces  in  good  maintenance  condition. 

This  slipping  and  tripping  hazard  should  be  given  careful  attention. 
The  lack  of  emphasis  upon  it  in  the  past  is  due,  doubtless,  to  the  fact 
tliat  deaths  and  injuries  from  falls  are  so  commonplace,  and  such  a  part 
of  every  day  life  that  they  arc  without  spectacular  features  or  of  more 
than  local  interest  unless  the  persons  injured  are  people  of  note. 

Your  Committee  lias  endeavored  to  Secure  statistical  information  to 
diow  the  necessity  and  economic  justification  For  expenditures  to  reduce 
this  hazard.  To  this  end,  the  Committee  corresponded  with  various 
nt  insurance  companies,  large  corporations  and  the  various  state 
industrial  compensation  boards.  Most  of  BUCh  bodies  have  now  united 
upon  a  common  form  For  reporting  accidents  as  i<>  cause,  so  thai  a 
great  ileal  of  statistical  data  should  I"  available  within  the  next  five 
\(.n  \t  the  present  time,  such  data  is  scattered  in  many  reports  and 
cannot   he   well   summarized      However,   such   information   aa   has   been 
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obtained  probably  indicates  what  a  more  complete  and  extended  report 
would  show. 

Bulletin  No.  5,  Bureau  of  Safety,  Sanitation  and  Welfare  of  the 
United  States  Steel  Corporation,  shows  that  of  70,702  accidents  classi- 
fied as  to  cause,  7.73  per  cent,  were  due  to  falls  of  persons ;  59.9  per  cent, 
of  the  falls  resulted  from  slipping  and  tripping  on  the  ground  level,  and 
24.6  per  cent,  from  slipping  and  tripping  elsewhere,  the  balance  being 
falls  from  scaffolds  and  ladders,  or  into  unprotected  holes. 

The  report  of  Accident  Prevention  Committee  of  the  National  Elec- 
tric Light  Association,  dated  May  22-26,  1916,  shows  statistics  from  65 
contributing  companies,  covering  a  period  of  about  three  years,  and  in- 
cluding only  accidents  to  employes ;  of  5944  reported  accidents,  16.2  per 
cent,  were  due  to  slipping,  tripping  and  falling.  There  were  only  two 
other  causes  resulting  in  more  accidents ;  namely,  handling  tools  and 
handling  material,  which  combined,  total  38.1  per  cent,  of  the  reported 
accidents.  Of  the  above  mentioned  5944  accidents,  22.8  per  cent  were 
due  to  slipping  or  falling  on  the  level,  9.3  per  cent,  on  stairs,  and  13.6 
per  cent,  over  obstructions.  Of  685  non-fatal  accidents,  slipping,  tripping 
and  falling  caused  28.4  per  cent,  of  the  loss  of  time,  exceeding  by  7.6 
per  cent,  the  loss  of  time  from  any  other  class  of  accidents.  The  aver- 
age loss  of  time  for  non-fatal  slipping  and  tripping  accidents  was  11.3 
days. 

An  accident  insurance  company  reports  that  of  128,326  accidents 
happening  "to  careful  people,"  i.  e.,  people  who  are  careful  enough  to 
appreciate  the  advantages  of  accident  insurance,  there  was  a  total  of 
24,191  accidents  due  to  falls.  Of  these  24,191  falls,  those  on  pavements 
amounted  to  10,940,  or  45.2  per  cent,  of  all  falls,  and  8.5  per  cent,  of 
total  accidents  reported.  There  were  also  4,289  falls  on  stairs  and  steps, 
making  the  percentage  of  falls  on  pavements  and  steps  equal  to  11.9  per 
cent,  of  the  entire  number  of  accidents.  The  amount  paid  for  these 
15,000  accidents  was  approximately  $1,100,000,  showing,  according  to 
actual  figures,  an  average  amount  of  $72.42  for  these  two  classes  of  falls, 
which  may  properly  be  called  slipping  and  tripping  falls. 

Of  100,003  accidents  reported  by  the  Industrial  Commission  of  Ohio, 
covering  a  period  of  slightly  longer  than  a  year,  10,054  accidents  were 
due  to  falls,  resulting  in  139  deaths.  These  deaths  constituted  22.6  per 
cent,  of  the  number  of  fatal  accidents.  Of  96,952  accidents,  which  re- 
sulted in  temporary  disability,  9,827,  or  10.1  per  cent.,  were  ascribed  to 
falls.  Ten  fatal  cases  were  reported  due  to  falling,  slipping  or  stumbling 
on  ordinary  surfaces,  such  as  floors.  The  economic  aspect  is  reflected 
in  the  amounts  awarded  by  ihe  commission,  as  follows : 

AWARDS   FOR  ACCIDENTS  RESULTING  FROM   FALLS. 

Average 
Total  Award.      Award. 

Ill  accidents   resulting  fatally $284,684.17        $2,564.72 

59  accidents  resulting  in  permanent  partial   dis- 
ability         37,969.00  643.54 

7554  accidents  resulting  in  temporary  disability. . .  285,658.00  37.81 

Making  the  total  award  $608,311.17,  or  an  average  award  of  $78.76  for 
the  7724  accidents.  These  figures  include  falls  of  all  kinds,  and  the  num- 
ber due  to  slipping  and  tripping  can  only  be  estimated  from  other  simi- 
lar statistical  reports. 

The  report  of  the  Industrial  Commission  of  Wisconsin,  covering  in- 
dustrial accidents  for  a  period  of  two  and  one-half  years,  shows  that  of 
18,165  accidents,  causing  disability  for  more  than  one  week,  2882  were 
due  to  falls  of  persons.     On  a  certain  arbitrary  basis  assumed  for  esti- 
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mating  economic  loss,  an  amount  of  $839,700  was  placed  against  the  2882 
accidents  due  to  falls.  Of  this  number  of  falls,  111  were  down  stairs, 
two  of  which  resulted  fatally;  689  were  due  to  slipping,  and  422  due  to 
stumbling. 

The  report  of  the  Commissioner  of  Labor  and  Industry  of  the  State 
of  Pennsylvania  shows  that  11  per  cent,  of  the  accidents  in  the  state  of 
Pennsylvania  during  1914  were  due  to  falls.  Of  38,126  accidents,  those 
resulting  from  falling  and  slipping  or  tripping  on  the  ground  level  alone 
amounted  to  2149,  which  was  51  per  cent,  of  the  total  number  of  re- 
ported falls,  and  5.6  per  cent,  of  the  total  number  of  accidents.  Of  1005 
specific  accidents  resulting  from  slipping  on  the  ground  level,  the  loss 
in  time  averaged  12  days  per  accident.  The  total  value  of  lost  time  was 
$31,263.55,  a  loss  of  $31.11  per  accident,  at  an  average  wage  of  $2.49  per 
day.  A  similar  report  from  public  service  corporations,  covering  907 
accidents  to  employes  due  to  falls,  caused  by  slipping  on  the  ground 
level,  shows  an  average  loss  of  16  days'  time  per  accident;  a  total  value 
of  lost  time  of  $24,287.95,  or  $26.78  per  accident  at  a  daily  wage  of  $2.39. 

The  Industrial  Accident  Board  of  Massachusetts,  in  a  report  cov- 
ering the  year  ending  June  30,  1915,  shows  that  of  94,597  non-fatal  acci- 
dents, 8749,  or  9.2  per  cent,  were  due  to  falls.  Of  370  fatal  accidents, 
for  the  same  period,  82  were  due  to  falls.  Of  249  fatal  accidents,  due 
to  falls,  reported  in  a  three-year  period,  10  were  falls  down  stairways 
and  4  were  due  to  slipping  on  the  level. 

While  the  above  data  is  too  incomplete  to  warrant  making  definite 
deductions ;  yet,  it  seems  to  indicate  that  falls  of  persons  constitute 
from  10  to  15  per  cent,  of  the  accidents  to  employes  of  industrial  con- 
cerns, and  that  the  proportion  of  these  falls  directly  traceable  to  slipping 
and  stumbling  on  the  ground  level  varies  greatly,  but  can  be  roughly 
placed  at  50  per  cent.  The  average  loss  in  wages,  or  the  compensation 
allowed  per  accident,  varies  from  $25.00  to  $80.00.  These  figures  are 
obtained  from  the  industrial  world,  and  cover  damages  paid  without 
litigation,  to  employes  earning  low  wages.  It  may  readily  be  inferred 
how  much  more  expensive  accidents  around  passenger  stations  must 
really  be  to  railroads,  involving  as  they  so  often  do,  not  only  litigation, 
but  the  payment  of  high  damages  to  persons  in  all  walks  of  life. 

Your  Committee  corresponded  with  the  Claims  Departments  of  many 
of  the  large  railroads,  in  an  effort  to  obtain  statistics  as  to  the  actual 
causes  of  accidents  in  and  about  stations.  Very  meager  results  were 
obtained,  as  the  records  of  the  Claim  Departments  arc  not  kept  so  that 
statistical  data  can  readily  be  compiled.  The  following  information, 
however,  may  be  of  interest: 

The  Santa  Fc  System,  Lines  East,  for  the  year  ending  June  30,  1917, 
reports  36  accidents  to  passengers,  not  including  accidents  it  the  large 
terminal  stations  where  business  is  handled  by  separate  terminal  com- 
panies. Nine  of  these  accidents  occurred  as  passengers  descended  from 
trams,  due  to  the  step  boxes  turning  <>r  being  missed.  Eight  resulted 
from  stumbling  over  rails  or  tracks,  and  the  balance  tiom  slipping 
Pour  accidents    u<n    dm     in    slipping   of   prisons    running   to   catch    trains. 

3  to  slipping  on  platforms,   i  to  slipping  on  Boon  and  2  t"  tripping  on 

stairways. 

The  Central  Railroad  oi  \'<u  Jersey,  foi  the  yeai  1916,  reports  252 
accidents  to  pa  in  and  aboul  stations,  as  follows:     58  per  cent, 

•  a  lis  accidents,  to  person,  boarding  or  leaving  cats;  20  pei   cent.,  or 
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51  accidents,  due  to  car  doors  closing  on  hands ;  22  per  cent.,  or  56  acci- 
dents, from  people  falling  at  stations  with  no  train  involved.  Of  the  last 
item,  9  accidents  were  due  to  stumbling  or  tripping  over  obstructions, 
or  by  the  collision  of  persons  with  baggage  trucks ;  12  were  due  to  slip- 
ping on  ice,  or  particles,  on  platforms ;  24  were  due  to  other  tripping — 
on  platforms,  rails,  etc.;  11  were  due  to  falling  or  tripping  on  stairs. 

While  the  above  is  very  incomplete  as  to  accidents  to  passengers ; 
yet,  it  is  illuminating  as  to  the  actual  causes  of  personal  injury,  and 
probably  may  be  accepted  as  fairly  representative  of  the  kinds  of  acci- 
dents that  occur  throughout  the  country. 

Safeguarding  against  accidents  at  stations  involves  not  only  suitable 
general  arrangements  so  as  to  partially  or  wholly  separate  traffic  and  to 
avoid  cross  currents  of  travel,  but  also  the  observance  of  many  minor 
details  of  construction  and  maintenance.  Slipping,  tripping  and  falling 
on  the  level  surface  of  sidewalks,  platforms,  concourses  and  ramps  will 
be  largely  avoided  if  due  consideration  be  given  to  the  following: 

(1)  No  chance  should  exist  for  stumbling  over  or  hitting -objects 
or  projections  which  cannot  be  easily  seen  by  a  person  walking  in  a 
dense  crowd,  especially  along  main  lines  of  travel. 

(2)  No  construction  should  be  used  which  leaves  the  slightest 
projection  about  the  general  walking  surface  to  cause  slipping  and 
stumbling.  To  observe  this  throughout,  especially  in  sidewalk  construc- 
tion, may  prevent  the  use  of  many  commercial  devices  and  call  for 
special  construction. 

(3)  Iron,  glass,  and  other  materials  which  get  smooth  and  slip- 
pery with  wear,  should  not  be  used  in  large  enough  areas  or  units  to 
endanger  walking  clue  to  slipping. 

(4)  The  character  of  materials  used  and  the  finish  of  surfaces  of 
floors,  platforms  and  sidewalks  should,  as  far  as  may  be  justified,  be 
anti-slipping  in  their  nature.  Due  consideration  should  be  given  to  the 
character  of  use  and  to  the  condition  of  the  surface  as  affected  by 
weather. 

(5)  Where  rush  traffic  must  be  cared  for,  as  in  corridors  or 
exits,  nothing  should  be  located  to  engage  the  attention  of  the  person 
or  cause  him  to  stop  or  change  the  direction  of  his  travel.  The  group- 
ing of  stores,  or  other  conveniences  either  side  of  main  entrances,  should 
be  considered  a  questionable  practice  from  the  viewpoint  of  safety,  un- 
less such  entrances  arc  far  wider  than  required  to  handle  the  people 
who  will   use  them   in   rush  hours. 

.  Some  railroads  have  abandoned  the  use  of  concrete  for  station 
platforms,  partly  on  account  of  the  slippery  surface.  However,  concrete 
is  in  general  use  throghout  the  country,  the  materials  are  readily  ob- 
tainable, and  doubtless  it  will  continue  to  be  used  in  many  places  for 
sidewalks  and  platforms.  Your  Committee  feels  warranted,  then 
in  offering  the  following  suggestions  regarding  the  use  of  concrete  for 
such  construction  : 

(1)  When  constructed,  a  smooth,  troweled  finish  should  not  be 
permitted,  but  a  rough  surface  obtained. 
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(2)  Some  waterproofing  substances  and  other  materials,  which 
give  a  very  dense,  hard,  smooth  surface  when  troweled,  or  worn,  should 
be  avoided,  as  such  sidewalks  are  exceptionally  slippery  when  wet  or 
slightly  coated  with  mud. 

(3)  Some  material  should  be  used  throughout  the  finishing  coat 
which,  under  wear  of  the  sidewalk  surface,  will  prove  to  be  harder  and 
more  resisting  to  wear  than  the  other  material  on  the  surface,  so  as  to 
give,  in  effect,   an  abrading  material. 

In  some  localities,  certain  small  gravels  used  with  sand  prove  more 
resisting  to  wear  than  the  mortar,  and  furnish  a  surface  which  quickly 
becomes  rough,  and  will  even  remain  so  when  slightly  coated  with  ice 
or  sleet. 

An  abrasive  material  may  be  added  as  an  ingredient  of  a  sidewalk 
finish;  the  one  objection  being  that  it  may  not  be  so  firmly  held  in  the 
cement  or  mortar,  as  to  prevent  its  being  kicked  out  and  acting  as  an 
abrasive  to  wear  out  the  surface.  This  objection  applies  more  particu- 
larly to  the  use  of  this  material  in  safety  treads  than  in  sidewalks. 
Very  good  results  have  been  obtained,  in  several  instances,  with  the 
following  sidewalk  finish : 

12  parts  No.  20  abrasive  grit  (alundum) 
34  parts  cement 
54  parts  sand 

For  sidewalks  on  grades,  abrasive  material,  in  small  blocks,  or  units, 
such  as  carborundum  circles  and  grit,  are  sometimes  used.  These  are 
placed  with  the  idea  of  catching  the  foot  as  it  slips  down  the  grade.  A 
criticism  of  some  installations  is  that  the  abrasive  material  is  so  located 
that  the  foot  can  slip  between  the  units.  Where  the  expense  is  justi- 
fied, such  abrasive  units  should  be  so  placed  that  the  foot  cannot  slip 
more  than  three  or  four  inches  without  coming  in  contact  with  an 
abrasive  surface. 

A  floor  finish  in  small  tile,  mosaic  or  tcrrazzo,  should  not  be  used 
for  sidewalks  or  main  corridors  where,  during  wet  weather,  they  are 
liable  to  be  traversed  by  people  with  wet  or  muddy  soles  on  their  shoes. 
Experience   shows   that    the    slighfeSl    film    i  .    or   mud.    on    Mich 

surfaces  presents  a  very  dangerous  condition.  This  is  sometimes 
guarded  againsl   by  the  use  of  sawdust.     Your  Committee   recommends 

h    >urfac<    be  used  on  sidewalks  or  any  place  about  station 
cepl   in  waiting   rooms   or  other  places  whCre   it   can   be  maintained   in 

ally  a  clean  condition  at  ril  1  times.  Experience  shows  that  most 
of  tin  soap  powders  used  in  cleaning  such  Boors  contain  an  element 
of  grease  that  dings  to  the  flooi   surface  and  u  not  removed  merely  by 

and  rubbing      Cleaning  material  ibrasive  nature  and  with 

a  minimum  of  -nap  should  l»    us<  the  floor  in  a 

Tins    matter    should    receive    the    attentio 
th"  e  n   pon  il  l<    For  the  maintenance  of  station  flo< 

Brick  ha     been  largely  used  for  railroad  platforms  because  it  usu 

allv   pn    enl      .i    somewhat    rough    -urfai  e       When   covered   with    Host    or   a 
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slight  coating  of  ice,  the  brick  platform  is,  however,  very  slippery,  and 
some  consideration  is  being  given  to  the  use  of  mastic  surfaces  for  plat- 
forms in  an  effort  to  find  a  material  which  will  be  reasonably  non- 
slippery  under  practically  all  weather  conditions. 

On  sidewalks,  a  deal  of  slipping  is  caused  by  worn  vault  light  in- 
stallations and  by  smooth  iron  surfaces.  The  use  of  smooth  glass  sur- 
faces in  a  sidewalk  is  very  objectionable,  but,  unfortunately,  necessary 
in  many  cases.  Very  few  building  codes  limit  the  size  of  plain  glass  or 
plain  iron  surfaces  in  sidewalks,  although  one  or  two  cities  limit  the 
maximum  dimensions  to  about  2^4  in.  The  combination  of  a  badly  worn 
set  of  round  vault  lights  with  worn  and  muddy  heels  in  wet  weather  is 
such  a  menace  to  safe  walking,  and  such  an  inducement  to  slipping, 
that  your  Committee  recommends  that  where  the  use  of  such  lights 
cannot  be  avoided,  that  the  cement  filling  between  the  vault  lights  be 
composed  of  the  hardest  ingredients  that  can  be  obtained  locally,  com- 
bined with  an  abrasive  substance,  in  an  effort  to  make  the  cement  fill- 
ing between  the  lights  stand  up  better  under  traffic  than  does  that  now 
commoniy  used. 

There  appears  to  be  great  indifference  to  the  hazard  of  slipping 
and  tripping  on  sidewalks  due  to  iron  parts,  such  as  covers  and  frames 
for  coal  holes,  ash  hoists,  curbing  protection,  etc.  When  originally  in- 
stalled, most  all  such  iron  surfaces  are  checkered,  or  roughened,  to  a 
greater  or  less  degree,  but  no  great  importance  is  attached  to  the  fact 
that,  due  to  wear,  the  iron  will  become  perfectly  smooth  and  in  both  dry 
and  wet  weather,  present  one  of  the  worst  causes  of  slipping.  In  many 
cases,  it  is  possible  to  avoid  the  use  of  iron,  or  to  use  a  ribbed  frame 
which  can  be  filled  in  with  a  suitable  non-slippery  wearing  surface. 
Where  the  use  of  iron  cannot  be  avoided,  it  is  still  possible  to  over- 
come the  slippery  feature  by  purchasing  iron  on  the  market  in  which 
has  been  imbedded,  when  cast,  a  hart  abrasive  grit.  The  practice  still 
obtains  in  some  places  of  using  a  smooth  iron  at  curbing  when  equally 
good  protection  could  be  given  by  a  steel  plate  on  edge,  or  nosing  suit- 
ably anchored  to  the  sidewalk.  Your  Committee  recommends  that  the 
use  of  ordinary  flat  surfaces  in  sidewalk  construction  be  considered  to 
create  an  objectionable  hazard,  and  that  either  such  iron  be  furnished 
with  a  wearing  surface  of  imbedded  grit  or  else  that  the  area  of  the 
surface  be  reduced  to  that  of  narrow  lines,  so  arranged  as  to  provide 
for  the  use  of  a  filling  or  wearing  surface  of  some  other  material. 

Slipping,  tripping  and  falling  on  stairways  may  easily  have  severe 
or  fatal  results.  The  stumbling  of  a  single  person  on  a  stairway  during 
a  stampede,  caused  by  fire,  has  often  resulted  in  great  loss  of  life,  so 
that  the  public  has  become  greatly  interested  in  the  matter  of  safety 
on  stairways,  where  they  form  a  part  of  main  exits.  This  interest  is 
reflected  in  state  and  city  building  codes  in  the  matter  of  stairway  con- 
struction in  factories,  school  houses  and  in  theaters,  or  auditoriums,  so 
that  these  codes  now  contain  the  best  governmental  regulations  to  safe- 
guard the  handling  of  excited  people  moving  in  crowds. 
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The  following  extracts  from  the  building  code  of  the  state  of  Ohio 
is  typical  of  the  usual  requirements  for  stairways  in  theaters  and  audi- 
toriums : 

"No  stairway  shall  be  less  than  three  feet  six  inches  (3'  6")  or  more 
than  six  (6)  feet  wide,  measuring  between  the  hand  rails.  *  *  * 
Where  the  seating  capacity  exceeds  the  limit  for  two  six  (6)  foot  stair- 
ways, wider  stairways  may  be  used,  providing  a  substantial  center  hand 
rail  with  newel  and  angle  posts  not  less  than  six  (6)  feet  high,  dividing 
the  stairways  into  widths  not  less  than  three  feet  six  inches  (3'  b")  and 
not  exceeding  six  (6)  feet  wide.  Stairways  used  by  the  general  public 
shall  have  a  uniform  rise  of  not  more  than  seven  (7)  inches  and  a  uni- 
form tread  of  not  less  than  ten  and  one-half  (lO1^)  inches.  *  *  * 
No  riser  shall  be  less  than  five  (5)  inches.  No  stairway  or  steps  that 
may  be  used  as  a  means  of  egress  in  ascent  shall  have  nosings.  No 
stairway  shall  have  more  than  sixteen  (16)  nor  less  than  three  (3) 
risers  in  any  run.  No  winders  shall  be  used  and  all  nosings  shall  be 
straight.  Hand  rails  shall  be  provided  on  both  sides  of  all  stairways  and 
steps.  *  *  *  A  uniform  width  shall  be  maintained  to  all  stair  and 
stair  platforms  used  by  the  general  public  by  rounding  or  beveling  the 
angles  and  corners.  No  door  shall  open  directly  upon  a  stairway,  but 
shall  open  upon  a  platform,  or  landing,  equal  in  length  to  the  width  of 
the  door.  *  *  *  Stair  treads  shall  be  either  carpeted  or  be  covered 
with  rubber  or  lead  mats,  securely  fastened  to  place  or  the  tread  shall 
be  formed  of  a  non-slipping  surface.  *  *  *  To  overcome  any  differ- 
ence in  levels  in  and  between  courts,  corridors,  lobbies,  passageways, 
auditoriums  and  aisles  on  the  ground  floor,  gradients  shall  be  employed. 
Gradients  in  auditorium  aisles  shall  not  exceed  one  (1)  foot  in  rise  to 
five  (5)  feet  in  run,  and  no  other  gradient  or  incline  shall  exceed  one 
(1)  foot  in  rise  to  twelve  (12)  feet  in  run.  Sills  at  all  exits  shall  be 
so  designed  as  to  be  level  and  flush  with  the  adjacent  floors." 

Standard  regulations  regarding  stairway  construction  most  gener- 
ally approved  by  Casualty  Companies  and  large  corporations  are  those 
adopted  by  the  Workmen's  Compensation  Service  Bureau,  and  pub- 
lished in  a  book  "Universal  Safety  Standards,"  prepared  for  the  Bureau 
by  Carl  M.  Hansen,  M.  E.,   from  which  the  following  is  quoted : 


"Any  flight  of  steps  having  more  than  three  (3)  risers: 

"(a)  To  have  approved  slip-proof  treads  in  good  condition,  firmly 
secured  and  with  no  protruding  bolts,  screws  or  nails. 

"(b)     To  be  free  from  winders. 

"(c)     To  have  landings  located  twelve  (12)   feet  or  less  apart  meas- 
ured in  a  vertical  direction,  both  dimensions  of  such  landings  to  be  equal 
to  or  greater  than  the   width  of   stairways  between   handrails    (or  hand 
rail  and  wall). 

"(d)    Landings  to  be  level  and  free  from  intermediate  -tips  between 

main   up   flight   and  the   main   down    Right 

"(e)  All  treads  to  be  equal  and  all  risers  to  be  equal  in  any  one 
flight. 

"(f)  The  sum  of  one  tread  and  one  riser,  exclusive  of  nosing,  t<> 
be  not  more  than  eighteen  (18)  inches  nor  less  than  seventeen  (17) 
iii-  h( 

"(g)     Angh  ol    i. mi-  with  horizontal  to  be  nol  more  than  fiftj 

than   lwent\    (  JO)    d.  en  ■ 
"(h)     Nosing  not  to  exceed  one  and  one-quartei    (lj£)   inch 
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"(i)  To  be  equipped  with  permanent  and  substantial  hand  rails 
thirty-six  (36)  inches  in  height  from  center  of  tread,  as  follows : 

1.  On  all  open  sides. 

2.  On  one  side  of   enclosed  stairway   four    (4)    feet  or  less  in 

width. 

3.  On   both   sides   of   enclosed  stairway  over   four    (4)    feet  in 

width. 

4.  On  both  sides  and  in  center  of  stairway  over  eight   (8)   feet 

in  width. 

"(j)  Handrails  to  be  constructed  of  pipe,  iron  work  or  wood,  con- 
forming to  standards  as  specified  under  "Floor  Openings,"  or  of  material 
and  construction  of  equal  strength. 

"(k)  All  handrails  to  have  rounded  corners  and  to  be  smooth  and 
free  from  splinters." 

A  few  railroad  systems  have  adopted  definite,  standard  practice 
for  stairway  construction,  the  main  features  of  which  arc  also  used  by 
manj'  other  roads  which  have  not  directly  formulated  their  practice. 

The  following  extracts   from  a  committee   report  of   1914  indicates 
the  present  practice  of  the  Pennsylvania  Railroad : 
"For  stairways  used  by  the  Traveling  Public: 

"The  sum  of  two  risers  and  one  tread  shall  be  between  25  and  26  in. 

"No  tread  shall  exceed  13  in.  or  be  less  than  12  in.,  and  no  riser 
shall  be  more  than  6?4  in.,  nor  less  than  6  in. 

"No  corrugated  nor  ribbed  tread  over  -rV-in.  in  depth  shall  be  used 
on  any  stair. 

"Non-corrugated,  anti-slip  treads  or  lead  and  alundum,  or  carborun- 
dum, iron  and  carborundum,  or  alundum,  or  concrete  and  alun- 
dum or  carborundum  are  recommended  for  any  width  of  not 
less  than  8  in.  on  tread,  including  nosing. 

"Nosings  having  a  projection  not  exceeding  1  in.  are  recommended 
for  use  on  treads. 

"All  measurements  are  to  be  from  top  to  top  of  treads  and  face  to 
face  of   risers. 

"All  stairways  to  have  handrails  at  each  side.    Top  of  handrail  to  be 

3  ft.  above  top  of  tread,  measured  vertically  at  nosing. 

"All   stairways   requiring  more  than  18  risers  should  have  a  landing 

4  ft.  wide,  and  in  general,  the  single  flights  should  be  kept  down 
to  10  or  12  risers  where  possible. 

"The  height  of  risers  and  width  of  treads  for  stairways  used  by  the 
Traveling  Public  shall  be  the  same  for  all  such  stairways  through- 
out in  any  one  building. 
"For  slairzi'ays  in  office  buildings  and  in  places  used  jointly  by  employes 
and  the  General  Public: 

"The  sum  of  two  risers  and  one  tread  shall  be  between  24  and  25  in. 

"No  riser  to  exceed  8  in.  or  be  less  than  7  in. 

"No  tread  to  exceed  11  in.  or  be  less  than  10  in. 

"All  stairways  to  have  handrails  at  sides.  Top  of  handrail  to  be  3  ft. 
above  top  of  triad  measured  vertically  at  nosing. 

"Non-corrugated,  anti-slip  treads  of  lead  and  alundum  or  carborun- 
dum, iron  and  alundum  or  carborundum,  or  concrete  and  alun- 
dum or  carborundum  are  recommended  for  a  width  of  not  less 
than  8  in.  on  tread,  including  nosing. 

"All  stairways  requiring  more  than  18  risers  should  have  a  landing 
4  ft.  wide,  and  in  general,  the  single  flights  should  be  kept  down 
to  10  or  12  risers  where  possible. 
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"The  height  of  risers  and  width  of  treads  for  stairways  in  office 
buildings  and  in  places  used  jointly  by  employes  and  the  General 
Public  shall  be  the  same  for  all  such  stairways  throughout  in 
any  one  building." 

Your  Committee,  after  considering  building  codes,  regulations 
adopted  as  "Safety  First"  measures  by  industrial  corporations  and  pres- 
ent railroad  practice,  makes  certain  recommendations  given  in  the  "Con- 
clusions" of  this  report,  covering  the  construction  of  stairways,  as  far 
as  the  feature  of  safety  provisions  is  concerned. 

These  recommendations  suggest  that  the  rush  capacity  of  stairways 
and  passageways  be  determined  by  a  local  study  of  character  of  traffic 
handled  and  rate  of  movement  rather  than  by  any  general  rules  or 
formulae.  This  was  done  in  connection  with  the  construction  of  the 
Hudson  Terminal  Building,  New  York,  and  a  discussion  of  the  results 
appears  in  the  American  Architect  of  January  19,  1910,  in  an  article 
by  J.  Vipond  Davies  and  J.  H,  Wells,  from  which  the  following  is 
quoted.     Referring  to  the  Hudson  Terminal  Building: 

"To  ascertain  the  necessities  in  respect  of  stairs  and  passages,  count 
of  actual  movement  of  traffic  at  congested  points  in  New  York  was  made, 
notably  at  the  Brooklyn  Bridge.  In  a  straight  passage  of  ample  width, 
the  "rush  hour"  New  York  crowd  mOves  at  the  rate  of  300  ft.  per  min- 
ute, walking  with  a  step  averaging  30  in.  There  is  only  a  small  reduc- 
tion in  this  speed  on  ramps  of,  say,  not  over  10  per  cent,  grade.  At  this 
rate,  each  person  averages  about  10  sq.  ft.  occupied  and  the  movement 
discharges  about  30  persons  per  foot  of  width  of  passage.  If  the  pas- 
sage way  becomes  too  congested,  the  space  occupied  per  person  reduces, 
and  the  speed  of  movement  also  reduces,  but  the  number  discharged  re- 
mains about  the  same,  30  per  minute.  Any  contrary  movement  in  a  broad 
passage  reduces  the  movement  ralher  more  than  the  relative  space  occu- 
pied in  multiples  of,  say,  30  in.  per  person,  but  in  narrow  passages  the 
relative  reduction  is  much  greater,  notwithstanding  that  persons  crowd 
into  smaller  space,  not  over  24  in.  width. 

"A  crowd  moving  freely  upwards  on  Stairs  takes  about  the  satnc 
number  of  steps  per  minute,  say,  120,  but  advances  only  about  12  in. 
horizontally  instead  of  30  in.  Upstairs  movement  is  much  more  dense 
than  downstairs,  but  correspondingly  slower.  We  have  counted  discharge 
on  stairs  of  24  persons  per  Foot  of  width  per  minute  moving  upward-. 
but  never  more  than  18  per  idol  of  width  moving  downwards.  Then- 
does  not  appear  much  difference  in  discharging  rate  on  Mails  above  4  ft. 
wide  if  the  movement  is  all  in  one  direction,  but  stairs  of  all  widths 
(particularly  below  8  ft.  wide)  arc  seriously  impeded  by  any  contrary 
movement,  even  when  only  four  or  five  persons  are  moving  in  the  direc 
tion  reverse  to  the  heavy  traffic.    Generally,  t"i   staii  I  ft.  width, 

all  movements  in  one  direction    indie. il 

"Upwards     Maximum,  20  persons   pei  width  ol    stai 

minute 
Vverag<    For  <  rce  moving  crowds,  15  per  minute. 

"Downwards    Maximum,  is  per  toot  of  width  o!   stairs  per  minute 
Average  Eor  ordinary  free  moving  crowds;  13  per  minute  " 
All  main  stairways  should  be  provided  with  saferj   tie. ids,  ..,   which 
there   are   many  different   makes  on   the   market,  most   of   which   havi 
(rood  and   bad    features.     An   attempt    to  diseus>   the   relative  merit 

inadvisable,  as  tor  the  ; t  pari    thej   are  patented  arti 
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cles,  and  there  is  not  enough  statistical   data  obtainable  to  conclusively 
support  comparative  statements. 

Patented  treads  may  be  said  to  be  of  the  following  four  general 
types : 

(1)  Sheet  metal,  pressed  up  into  diamond  or  other  shapes,  with 
sharp  edges,  either  with  or  without  perforations.  Such  treads  are  not 
ornamental,  are  generally  efficient  when  new,  are  claimed  to  be  cheaper 
than  some  other  forms;  and,  undoubtedly,  better  fill  a  need  in  the 
industrial  world  than  in  connection  with  passenger  stations. 

(2)  Tread  bases  with  a  plain,  flat  top,  in  the  surface  of  which  has 
been  incorporated  an  anti-slipping  coating,  or  material.  The  simplest 
article  of  this  nature  is  the  wooden  stair  tread,  covered  with  sand- 
covered  or  other  prepared  roofing  paper.  A  much  used  tread,  adapt- 
able to  all  shapes  and  needs  that  may  arise,  consists  of  a  cast  iron  case, 
in  the  surface  of  which,  while  hot,  there  is  imbedded  an  abrasive  grit 
made  from  caborundum.  This  tread  is  not  ornamental,  but  very  effi- 
cient. It  wears  well,  and  retains  its  anti-slipping  nature,  but  should  be 
renewed  before  the  abrasive  material  entirely  wears  away  at  any  point. 
Another  make  of  tread  coats  a  base  with  a  lead  cover,  or  surface,  in 
which  carborundum  or  other  abrasive  grit  is  used. 

(3)  Metal  bases  of  steel,  or  brass,  with  an  upper  surface  so 
formed  by  corrugations,  or  projections,  as  to  hold  wearing  surfaces  of 
lead  or  carborundum.  Such  treads  are  ornamental,  widely  known  and 
in  common  use. 

(4)  Tread  bases  consisting  of  a  filling,  or  composition  combined 
with  abrasive  units  in  a  smooth,  flat  surface.  The  abrasive  units  are 
sometimes  held  in  place  by  a  metal  sheet,  or  frame,  which  is  imbedded 
in  the  mortar,  or  other  material  composing  the  major  part  of  the  tread. 
The  value  of  this  kind  of  tread  depends  upon  the  amount  and  position 
of  the  abrasive  units  used,  and  the  action  of  the  combination  under  wear, 
particularly  as  to  the  hold  on  abrasive  material  as  the  tread  becomes 
badly  worn. 

Between  competitors  there  is  considerable  argument  regarding  the 
use  of  corrugations  running  parallel  with  the  edge  of  the  step.  It  is 
claimed  that  as  persons  are  descending  stairs  they  are  apt  to  catch 
their  heels  in  the  corrugations  and  be  thrown;  whereas,  the  counter 
claim  is  made  that  a  slightly  corrugated  surface  will  catch  a  match,  or 
any  other  small  particle  which  might  otherwise  roll  under  the  foot  and 
induce  slipping.  The  normal  position  of  the  foot  in  descending  stairs  is 
at  a  slight  angle  with  the  horizontal,  giving  a  line  of  contact  between 
the  sole  of  the  shoe  and  the  stair  tread.  This  contact  should  be  anti- 
slipping  in  nature  if  possible,  so  that  the  outer  strip  of  metal  holding 
the  abrasive  units  should  either  be  abrasive  itself  in  nature  or  in  construc- 
tion it  should  be  as  narrow  as  the  needed  mechanical  strength  will  allow, 
and  should  wear  down  equally  as  fast  as  the  abrasive  units  held  by  it. 
When   safety   treads    are   not    renewed   when   worn    out,    they   constitute 
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a  menace,  as  often  the  front,  or  outer,  metal  edge  will  separate  from 
the  balance  of  the  tread  and  catch  heels.  When  treads  are  exposed  to 
the  weather,  they  often  give  trouble  from  the  cracking  and  breaking 
of  carborundum  inserts,  the  lifting  action  of  front  on  inserts  and  from 
rust  of  iron  or  steel.  Many  treads  which  are  quite  efficient  in  dry 
weather  are  slippery  in  wet  weather  or  when  slightly  coated  with  snow 
or  ice. 

It  might  seem  that  the  ideal  material  for  a  tread  would  be  a  mate- 
rial with  which  an  abrasive  material  could  be  mixed,  and  which  could 
be  poured  in  place  behind  a  thin,  outer  retaining  strip  of  metal ;  thus  giv- 
ing a  smooth  surface  and  one  that  would  be  equally  anti-slipping  when 
new  or  considerably  worn.  Experience  shows  that  even  if  the  metal 
strip  could  be  so  composed  as  to  wear  away  equally  as  fast  as  the 
filling  that  such  construction  would  not  remove  the  slipping  hazard. 
Those  with  experience  in  such  materials  uniformly  believe  that  worn 
units  induce  slipping,  and  that  the  only  proper  construction  is  one  that 
permits  removal  of  worn  safety  treads  and  restoration  of  a  step  to 
first-class    condition. 

The  importance  of  guarding  against  slipping,  tripping  and  falling, 
and  the  economical  value  of  provisions  to  insure  safe  walking,  is  due 
not  so  much  to  the  great  risk  of  accidents  to  any  one  person  as  it  is 
to  the  fact  that  this  relatively  small  risk  is  incurred  by  millions  of 
persons  walking  daily  in  and  about  passenger  stations.  The  prevent- 
ives and  safeguarding  provisions  are  not  costly.  They  merely  require 
proper  thought  and  consideration  at  the  time  plans  and  arrangements 
are  adopted.  The  public  is  fast  being  educated  in  safety  features  in 
industrial  buildings,  theaters  and  other  places  of  public  assemblage,  and 
may  rightfully  expect  that  all  provisions  to  safeguard  walking,  which 
experience  has  shown  to  be  needed  or  helpful,  shall  be  found  in  use  in 
passenger  stations  throughout  this  country. 

CONCLUSIONS. 

In  connection  with  the  construction  of  new  passenger  stations  and 
the  maintenance  and  alteration  of  old  stations,  special  study  and  con- 
sideration should  be  given  to  provisions  for  the  safety  of  pedestrians, 
in  an  effort  to  remove,  as  far  as  possible,  all  risks  of  personal  injury, 
particularly  from  slipping,  stumbling  and  falling.  The  actual  risks  and 
their  relative  economic  importance  are  revealed  by  experience  of  rail- 
roads handling  rush  crowds,  the  statistics  of  insurance  and  compensa- 
tion bureaus,  and  arc  also  reflected  by  state  and  city  building  codes, 
relative   to  construction  of    factories,   schools,   auditoriums,   etc. 

Personal  injury  in  and  about  passenger  stations  results  either  from 
colliding  or  slipping  and  stumbling. 

Where  crowds  arc  bandied,  injury  from  colliding  of  persons  with 
trains  or  trucks  should  be  guarded  against  by  arrangements  to  pro- 
vent  -  tracks,  to  eliminate    or   reduce  t"  a  minimum 
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the  trucking  of  baggage,  mail,  and  express  on  main  passenger  platforms, 
and  to  guard  people  waiting  on  platforms  at  way  stations,  by  the  use 
of  dead  lines  or  station  fences. 

Colliding  of  persons  with  hand  baggage  and  each  other  shoidd  be 
prevented  or  largely  avoided  by  proper  general  arrangements  of  depots, 
particularly  in  the  matter  of  location  and  proportions  of  passageways 
and  stairways,  with  the  primary  object  of  separating  different  classes, 
or  lines,  of  traffic  as  much  as  may  be  practicable,  and  of  maintaining 
any  certain  line  of  traffic  free  from  interference  and  points  of  con- 
gestion. Particular  attention  should  be  given  to  the  location  of  ticket 
offices,  information  bureaus,  check  rooms,  entrances  to  minor  waiting 
rooms,  and  similar  conveniences,  and  a  study  made  of  possible  inter- 
ference with  main  lines  of  rush  travel.  Concourses  should  be  provided 
with  as  many  main  exits  as  practicable  to  prevent  unnecessary  travel 
through  main  waiting  room — union  depots  recently  built,  showing  that 
often  70  per  cent,  of  the  traffic  can  be  thus  handled. 

Personal  injury  from  slipping,  stumbling  and  falling  should  be 
guarded  against  by  choice  of  finish  and  wearing  surfaces  for  floors  and 
platforms,  by  avoidance  of  many  details  in  common  use  which  induce 
stumbling  and  slipping,  by  proper  construction  of  ramps  and  stairways, 
including  the  use  of  safety  treads  on  all  main  stairways,  and  by  proper 
standards  of  maintenance,  both  as  to  condition  of  use  and  time  of 
renewal  or  repair. 

The  construction  of  stairways  in  passenger  stations  should  conform 
as  to  safety  features  to  the  "Recommendations"  given  below. 

No  plans  for  extensive  alteration  of  existing  passenger  depots,  or 
general  layouts  for  new  stations,  should  be  approved  without  a  critical 
examination  or  study  being  made  of  the  traffic  movement  in  rush  hours, 
and  no  details  of  construction  should  be  used  affecting  stairways  and 
surfaces  on  which  passengers  walk  without  careful  consideration  be 
given  with  a  view  to  avoid  or  reduce  as  much  as  may  be  possible  the 
risk  of  personal  injury  to  passengers  in  and  about  stations. 

RECOMMENDATIONS    COVERING    SAFETY    PROVISIONS     IN    THE    CONSTRUCTION    OF 

STAIRWAYS    FOR    PASSENGER    STATIONS. 
General. 

These  recommendations  include  the  main  requirements  of  building 
codes  of  a  number  of  representative  large  cities,  but  should  be  used 
with  due  regard  to  local  city  and  state  regulations.  Provisions  as  to 
strength  of  construction  and  fireproof  features  arc  not  included. 

Avoid  steps  and  stairways  where  inclines  and  ramps  can  be  satis- 
factorily used  instead.  Avoid  any  combination  of  sloping  surfaces  and 
steps. 

Consider  both  the  general  design  and  details  of  stairway  construction 
with  a  view  of  handling  crowds  of  people  with  the  individuals  moving 
in  parallel  lines  with  ease  and  with  safety,  against  slipping  and  falling, 
keeping  such  movement  free  from  interference  by  other  lines  of  travel. 
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General   Location. 

Place  important  stairways  conspicuously  in  the  main  line  of  travel, 
keeping  such  travel  in  straight  lines  where  possible.  Arrange  so  that 
crowds  at  the  head  and  foot  of  stairways  can  naturally  assemble  and 
disperse,  with  a  minimum  amount  of  confusion  and  cross-currents  of 
walking.  To  this  end,  provide  at  the  top  and  bottom  of  stairways, 
where  possible,  corridors  or  vestibules,  using  the  same  width  as  for  the 
stairway.  Such  corridors  should  open  directly  into  the  room  served 
without  any  funnel-shaped  entrances,  and  with  plenty  of  room  for 
quick  distribution. 

Locate  minor  stairways  away  from  regular  lines  of  travel,  and 
avoid  combinations  of  service  or  minor  stairways,  with  main  stairways. 

Consider  possible  lighting  arrangements,  particularly  from  natural 
light,  avoiding  locations  where  stairways  will  be  poorly  lighted  in 
cloudy  weather  or  where  they  will  appear  dark  to  a  person  entering  them 
from  bright  sunlight. 

Type. 

For  main  stairways,  use  a  straight  run  of  steps  and  landings 
wherever  architecturally  possible.  Where  turns  cannot  be  avoided,  pro- 
vide landings  and,  if  possible,  restrict  the  turn  to  ninety  degrees. 

Width. 

Proportion  the  width  according  to  the  character  of  traffic  handled, 
the  extent  to  which  hand  baggage  will  be  carried,  and  the  maximum 
stairway  capacity  desired  during  rush  hours.  Be  guided  by  experience 
with  local  requirements  rather  than  by  thumb  rules,  bearing  in  mind 
that  main  stairways  should  be  maintained  wide  enough  so  as  not  to 
check  the  movement  of  crowds,  and  that  the  width  of  minor  stairways 
should  often  In  determined  by  the  rate  at  which  people  may  continue 
to  move  away  from  them.  (See  body  of  report  for  certain  data  ob- 
tained in  connection  with  construction  of  Hudson  Terminal  Building, 
New  York). 

Bevel,  or  round,  landings  to  maintain  a  constant  width,  and  keep 
people  moving  in  concentric,  or  parallel  lines. 

Where  two  stairways  unite  at  a  landing  and  torm  a  single  stair- 
way, make  the  width  of  the  latter  equal  to  the  combined  widths  of  the 
other  two. 

For  minor  and  service  stairways,  use  no  width  less  than  .}  ft.  0  in. 
between  hand  rails. 

Pitch  and   Landings. 

The    pitch    of    stairways,    i.    c,    the    inclination    as    determined    by    the 

dimensions  of  treads  and  risers,  and  the   frequency  and   proportion  of 
landings,   should   be    iu<  !i    thai    stairways    may    I  led    with    ease, 

and  as  nearly  as  may  he  with  a   free  natural  walking  step.    The  con 
Hnuous  upward  lifting  of  the  body,  for  anyone  riot  accustomed  to  such 
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exercise,  and  particularly  for  fleshy  people,  those  with  weak  hearts, 
or  anyone  in  poor  health,  is  a  great  exertion.  Landings  break  the  con- 
tinuity of  this  exertion,  and  offer  a  needed  resting  place  for  the  weak. 
To  fix  pitch  and  landings  properly,  the  following  should  be  approxi- 
mately observed: 

Provide  treads  not  over  13  in.  nor  less  than  11  in.  in  width,  and 
risers  not  over  7  in.  nor  less  than  6  in.  in  height;  and  make  the  sum 
of  two  risers  and  one  tread  be  between  25  in.  and  26  in.  The  width 
of  treads  should  be  taken  as  the  horizontal  distance  face  to  face  of 
risers. 

Where  stairways  require  more  than  16  risers,  provide  intermediate 
landings,  keeping  the  length  of  single  flights  as  near  to  10  or  12  risers 
as  may  be  possible.     Use  no  steps  with  less  than  three   risers. 

Where  feasible,  provide  the  same  height  of  risers  and  width  of 
treads  for  all  stairways  used  by  the  traveling  public  in  any  one  build- 
ing.    Always  make  risers   and  stringers  of   closed  construction. 

Make  the  width  of  landings  in  the  direction  of  travel  not  less  than 
four   feet. 

Avoid,  if  possible,  all  minor  entrances  on  landings  or  at  the  top  or 
bottom  of  main  stairways.  If  this  cannot  be  done,  provide  suitable 
length  of  landings,  so  that  doors  can  be  opened  and  used  freely  by 
any  minor  class  of  traffic  without,  in  anywise,  causing  interference 
with  travel  at  the  main  stairway. 

Railings. 

Provide  hand  rails  on  both  sides  of  all  stairways  and  center  rails 
on  stairways  eight  feet  wide,  and  additional  rails  to  keep  the  distance 
between  adjacent  hand  rails  not  less  than  3  ft.  0  in.  nor  more  than  6  ft. 
0  in.  Where  intermediate  hand  rails  are  used,  a  double  hand  rail  is 
recommended.  Place  center  line  of  hand  rails  at  least  5  in.  from  face 
of  sidewalls,  or  8  in.  center  to  center  for  intermediate  hand  rails. 
Make  section  of  hand  rail  rigid  to  give  uninterrupted  travel  for  a 
secure  grip.  Provide  a  hand  rail  without  sharp  drops  or  raises,  and 
extend  it  beyond  the  last  riser,  and  turn  it  downward,  so  that  it  offers 
no  entanglement  for  clothes  or  baggage.  Curve  hand  rails  at  all  bends 
on  landings.  Provide  such  balustrades  and  hand  rails  as  will  prevent 
small  children  from  falling  or  getting  through  them.  In  this  connec- 
tion, consider  the  use  of  curb  to  divide  stairs  under  the  center  hand 
rails.  Place  top  of  hand  rail  34  in.  above  tread,  measured  on  line  of 
face  of  riser.  On  the  open  side  of  stairways,  provide  barriers  at  least 
42  in.  high,  to  guard  against  accidental  falls  of  persons  over  balus- 
trade. At  intermediate  hand  rails,  provide  newels  not  less  than  6  ft. 
high,  and  secure  the  rails  to  them  without  encroaching  on  hand  clear 
ance.     Provide  newels  which  will  not  present  sharp  edges  and  corners. 

Drainage. 

Obtain  necessary  drainage  at  the  ends  of  the  treads,  and  not  by 
sloping  the  surface  in  line  of  travel. 
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Treads. 

Where  used,  nosings  on  treads  should  be  limited  to  a  projection  of 
1  in. 

Provide  approved  safety  treads  on  all  main  stairways,  using  a  re- 
newable type  securely  fastened.  Make  length  of  safety  tread  4  to  6  in. 
shorter  than  that  of  the  stair  tread,  and  use  a  width  of  safety  tread  of 
from  5  in.  to  8  in.  Place  the  surface  of  the  safety  tread  flush  with 
surface  of  the  balance  of  the  stair  tread.  Consider  means,  such  as 
color  schemes,  which  used  in  connection  with  safety  treads,  will  clearly 
indicate  the  location  of  the  steps,   particularly  the  outer  edge  or  nosing. 

The  use  of  wide  safety  treads,  particularly  those  covering  the  entire 
width  of  the  step,  are  of  questionable  necessity  and  value,  as  they 
present  a  uniform  appearance  for  the  entire  flight  of  steps,  and  make 
it   difficult   for  people  to  clearly  sec  where  they  are  stepping. 

Outside   Stairways. 

Where  feasible,  enclose,  or  roof  over,  all  outside  stairways  not 
only  to  keep  off  sleet  and  snow,  but  also  to  prevent  a  slippery  condi- 
tion, due  to  rain  and  mud.  Do  not  provide  open  risers.  In  choice  of 
safety  treads  for  outside  stairways,  consider  means  which  will  have  to 
be  used  during  winter  weather  to  maintain  surface  of  steps  in  good 
condition. 

Signs. 

Place  no  signs,  mirrors,  or  other  objects  of  interest  where  they 
will  attract  the  attention  of  persons  using  stairways,  except  such  signs  as 
are  necessary  to  direct  travel. 

Lighting. 

In  making  lighting  arrangements,  consider  that  many  people  with 
poor  eyes  cannot,  at  best,  see  very  clearly  in  descending  stairways,  par- 
ticularly when  the  appearance  ol"  treads  is  uniform  throughout.  Pro- 
vide ample  natural  and  artificial  light,  avoiding  direct  light  and  shadows, 
and  making  certain  that  lights  from  adjacent  rooms  do  not  shine  directly 
into  the  eyes  of  people  using  stairways. 

Maintenance. 

In  the  choice  of  materials  and  arrangements,  consider  the  main- 
tenance   conditions    that    will    exist    in    daily    use,    particularly    those    in 

wet    and     stormy    weather    just     before    Stairways    are    .leaned,     and     also 

give  consideration  t"  th.it   poorest   condition  oi    safety  treads  and  other 

parts  which  will  exist  just  before  renewal  is  required  and  made 
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DESIGN    AND   MERITS   OF  HIGH   AND  LOW   PLATFORMS   AT 
PASSENGER  STATIONS 

While  very  few  railroads  in  this  country  have  adopted  platforms 
level  with  the  car  floors,  they  have  always  been  the  standard  in  use  in 
Great  Britain. 

Platforms  are  built  of  either  wood,  concrete,  steel,  or  a  combination 
of  these  materials.  At  important  points,  where  traffic  is  heavy,  they 
should  be  equipped  with  either  an  umbrella  or  butterfly  shed. 

If  the  adjacent  tracks  are  to  be  used  for  both  passenger  and 
freight  trains,  careful  consideration  should  be  given  to  clearance.  There 
are  some  raised  platforms  where  both  passenger  and  freight  trains  use 
the  adjacent  tracks  where  the  distance  from  the  center  of  the  track 
and  face  of  platform  is  5   ft.  4  in. 

There  are  platforms  fitted  with  mechanical  extensions,  moving  out 
until  they  practically  touch  the  side  of  the  car,  so  that  there  is  no  space 
between  the  side  of  the  car  and  the  platform.  These  extensions  are 
moved  back  before  the  train  is  started. 

It  is  recommended  that  the  following  be  taken  into  consideration  in 
considering  the  adoption  of  high  platforms: 

First — Facility  and  rapidity  with  which  trains  may  be  loaded  or 
unloaded. 

Second — The  prevention  of  the  public  crossing  the  track. 

Third — In  stations  below  the  street  level,  a  saving  of  about  3  ft.  in 
the  vertical  height  to  be  traveled  by  the  passengers. 

Fourth — They  form  a  convenient  place  for  the  housing  of  ducts, 
cables,  signal  equipment  and  sometimes  elevator  machinery. 

They  have  certain  disadvantages  when  used  in  conjunction  with  our 
present  system  of  terminal  operation  : 

First — (Most  important) — The  cost  of  changing  passenger  equip- 
ment to  serve  both  high  and  low  platforms. 

Second — The  difficulty  of  trucking  across  the  tracks. 

Third— The  necessity  for  special  form  of  baggage  truck  having  a 
low  floor. 

Fourth — The  disadvantage  of  placing  a  switch  within  the  limits  of 
the  platform. 

The  Committee  recommends  that  the  Association  recommend  to  the 
Master  Car  Builders  Association  that  all  cars  in  future  be  so  constructed 
that  they  will   fit  either  high  or  low  platforms. 


270 


REPORT    OF    COMMITTEE    XXI— ON   ECONOMICS    OF 
RAILWAYkOPERATION. 

F.  W.  Green,  Chairman;  V.  K.  Hendricks,  V ice-Chair man; 

G.  D.  Brooke,  Jos.  Mullen, 
Ralph  Budd,  R.  J.  Parker, 
Maurice  Coburn,  Wm.  G.  Raymond, 
C.  E.  Denney,  H.  E.  Riggs, 
J.  M.  Egan,  S.  S.  Roberts, 
L.  C.  Fritch,  E.  F.  Robinson, 
U.  E.  Gillen,  L.  S.  Rose, 
C.  M.  Himmelberger,  Mott  Sawyer, 
M.   V.   Hynes,  E.  C.  Schmidt, 
W.  J.  Jenks,  J.  E.  Teal, 
Paul  M.  LaBach,  G.  S.  Waid, 
Frank  Lee,  C.   C.  Williams. 
J.  deN.  Macomb,  Jr.       .  Committee. 

To  the  American  Railway  Engineering  Association: 

Subsequent  to  the  1917  Convention,  the  Board  of  Direction  created 
this  new  Committee  on  Economics  of  Railway  Operation,  to  which  it 
assigned  the  following  subject: 

(1)  Study  the  relations  between  railway  operation  and  the  location, 
construction  and  maintenance  of  railways,  and  report  on  the  possible  scope 
and  field  of  action  which  should  be  assigned  to  the  Committee  on  Eco- 
nomics of  Railway  Operation,  and  make  such  progress  reports  as  are 
possible,   in  the  order  of  relative  importance. 

COMMITTEE  MEETINGS. 

The  initial  meeting  of  the  Committee  was  held  at  Chicago  on  August 
29,  1917,  thirteen  members  being  present.  The  second  meeting  was  held 
at  Chicago  on  January  9,  1918,  six  members  being  in  attendance. 

On  account  of  the  absence  of  the  Chairman  of  the  Committee,  Cap- 
tain F.  W.  Green,  on  military  service  in  France,  the  Vice-Chairman,  Mr. 
V.  K.  Hendricks,  has  acted  as  Chairman. 

ORGANIZATION   OF   COMMITTEE. 

The  Constitution  of  this  Association  says  that  the  object  of  the   Vsso 
nation  is  "The  advancement  of  knowledge  pertaining  t<>  tin-  scientific  and 

nic  location,  construction,  operation  and  maintenance  of  railwi 
The  Classification  of  Accounts  of  the  Intei  onunission 

the  word  "Operationf1  in  a  broadei     ense,  to  include  Maintenance 
(of   Way  and   Structures  and  of   Equipment)   as   well   as  "Transports 
ti.pii"    Your  Committee  feels  that  its  function  should  be  the  con  idem 
tion  of  matters  coming  within  the  classification  asportation"  to 

gether  with  such  othei   matters  as  affect    rransportation  costs,  "i   as  are 
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affected  by  Transportation  methods.  For  instance,  economics  due  to 
water  treatment,  which  affects  Transportation  expense,  would  involve  a 
consideration  of  the  maintenance  and  operating  costs  of  water  softening 
plants,  etc.;  this  Committee  could  use  maintenance  data  secured  from 
other  committees  in  such  cases,  in  so  far  as  possible.  On  the  other  hand, 
the  matter  of  treating  tics  is  one  which  does  not  affect  any  transporta- 
tion costs,  and  should  not  come  within  the  province  of  this  Committee. 
The  subsequent  use  of  the  word  "Operation"  in  this  report  is  on  the  basis 
of  this  interpretation  of  the  Committee's  duties. 

The  work  of  both  the  Committee  on  Economics  of  Railway  Location 
and  this  Committee  is  dependent  upon  operating  costs,  and  the  field  of 
these  committees  overlaps  to  a  great  extent.  The  scope  of  the  Com- 
mittee on  Location  has  been  very  broad,  and  it  would  seem  that  these 
two  committees  could  advantageously  study  some  matters  of  operation 
jointly,  especially  those  in  regard  to  the  determination  of  cost  data,  and 
the  arbitrary  dividing  line  between  the  two  should  be  settled  by  agree- 
ment or  by  the  Board  of  Direction.  Some  subjects  coming  within  the 
province  of  the  Committee  on  Economics  of  Operation,  such  as  the  eco- 
nomics in  operation  to  be  derived  through  construction  of  additional  main 
tracks,  the  installation  of  automatic  signals  and  interlocking  plants,  the 
treatment  of  water,  etc.,  do  not  come  directly  within  what  has  been  con- 
sidered as  the  realm  of  the  Committee  on  Economics  of  Railway  Loca- 
tion. On  the  other  hand,  questions  of  changes  in  alinement  or  grade 
reduction  should  be  considered  as  within  the  field  of  the  Committee  on 
Location. 

At  the  initial  meeting  of  the  Committee,  it  was  decided  to  be  the 
sense  of  the  Committee  that  its  scope  or  field  include  all  matters  affect- 
ing the  operation  of  a  railroad;  but  that  for  the  present  the  Committee 
confine  its  efforts  to  developing  economy  of  operation  of  existing  physical 
plants,  including  such  additions  as  may  be  necessary  for  economical  oper- 
ation, but  not  including  changes  in  alinement  or  grade  reduction  ;  that  its 
efforts  may  be  extended,  from  time  to  time,  as  the  necessity  or  desirabil- 
ity arises;  that  as  an  essential  preliminary  it  proposes  to  make  an  analysis 
of  operating  costs,  as  conclusions  and  rules  cannot  be  arrived  at  without 
analysis  of  costs  and  the  effect  of  capital  expenditures. 

Your  Committee  fully  realizes  that  the  above  is  a  very  ambitious  pro- 
gram and  that  the  determination  of  unit  costs  in  a  comprehensive  manner 
will  require  a  number  of  years  of  investigation,  and  much  expense;  but 
this  matter  should  be  given  firs;  consideration  Your  Committee  feels 
that  it  can  be  of  some  immediate  benefit  by  summarizing  in  the  best  man- 
ner possible  at  this  time  such  data  regarding  unit  costs  and  other  operat- 
ing matters  as   mav  be  available   from   various   sources. 

There  have  been  some  very  thorough  investigations  of  operating  costs 
recently  by  railroads  for  their  own  purposes  and  for  the  defense  of  rate 
cases,  some  of  the  results  of  which  would  be  of  considerable  value,  and 
it  would  seem  that  this  Committee  should  collect  this  data  for  analysis, 
and  present  to  the  Association  such  results  as  are   found  to  be  of  value. 
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The  summarizing  of  data  on  various  subjects  and  working  out  of 
concrete  problems  will  not  only  place  available  data  in  better  form  for 
ready  reference  by  the  Association,  but  will  also  help  to  determine  the 
needs  for  future  development  of  the  subject.  Some  of  the  items  that 
can  be  dwelt  upon  to  good  advantage  are  as  follows  : 

Economical  speed  of  trains. 

Additional  main  tracks. 

Economic  lengths   of   operating  districts. 

Economic  lengths  and  spacing  of  passing  tracks. 

Increase  in  power. 

Train  loading. 

Water  treatment. 

Increase  in  car  loading. 

Automatic  signals. 

More  economical  handling  of  locomotive  fuel. 

Improved  terminal   facilities. 

A  more  liberal  application  of  lubrication  of  cars. 

Four  Sub-Committees  were  appointed  at  the  first  meeting,  as  follows : 

Sub-Committee  (1) — Maintenance  of  Way  : 
S.    S.    Roberts,    Chairman;    Frank    Lee,    C.    E.    Denney,    E.    F. 
Robinson,  C.   M.  Himmelberger,  W.  J.  Jenks. 

Sub-Committee   (2) — Maintenance  of  Equipment: 

Prof.  Edw.  C.  Schmidt,  Chairman:  M.  Y.  Ilvnes,  Acting  Chair- 
man; G.  S.  Waid,  Ralph  Budd,  U.  E.  Gillen,  J.  M.  Egan. 

Sub-Committee  (3) — Transportation  : 
Jos.    Mullen,    Chairman;    G.    D.    Brooke.    Mott    Sawyer,    L.    C. 
Fritch,  R.  J.  Parker,  Paul   M.  LaBach,  L.  S.  Rose. 

Sub-Committee    (4) — Bibliography: 

Dean  Wm.  G.  Raymond,  Chairman;  Prof.  II.  E.  Rtggs,  Prof.  C. 
C.  Williams,  J.  E.  Teal,  Maurice  Cobnrn,  J.  deN.  Macomb,  Jr. 

The  Sub-Committee  on  Maintenance  of  Equipment  and  the  Sub-Com- 
mittee on  Transportation  arc  not  prepared  to  submit  a  report  at  this  time. 


MAIX'I'I'A"  WM    I  >F  \\  \Y  AND  9TRUI  Tiki 

At  the  first  meeting  of  the  whole  Committee,  the  term  "Operation" 
was  interpreted  to  include  Maintenance  in  accordance  with  the  "Classifi- 
cation of  Operating  Revenues  and  Operating  Expenses  of  Steam  Rail- 
roads," as  issued  by  the  Interstate  Commerce  Commission,  and  the  Sub 
Committee  was  instructed  to  review  that  classification  and  t<>  state  the 
primary  elements  which  affeel  the  costs  under  each  heading.  The  Sub 
Committee  did  this  and  Hi  report  therefore  indicates  a  program  sonw 
what  beyond  the  field  of  this  Committee  as  outlined  herein  above. 

The  report  ma>   be  bl   value,  however,  as  an  indication  ol  how   -neb 
.i  problem  maj  be  attacked  and  its  principal  features  are  thercfof<    pn 
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scnted  herewith.  Investigation  along  the  lines  proposed  could  be  carried 
out  to  advantage  and,  by  a  process  of  elimination,  good  results  could  be 
obtained ;  but  the  Committee  is  now  of  the  opinion  that  its  efforts  should 
be  confined  within  the  limits  prescribed  under  "Organization"  in  this 
report. 

Conclusions  and  recommendations  on  economics  cannot  be  made  in 
advance  of  a  knowledge  of  costs  and  their  variation  with  changing  con- 
ditions. These  variations  cannot  be  known  until  the  elements  of  cost 
arc  known,  separated,  analyzed,  and  co-ordinated  into  a  total. 

Among  the  natural  elements  which  influence  cost  are  the  following: 

1.  The   physical   characteristics   of   the   territory   through   which 

the  road  is  constructed. 

2.  The   physical   characteristics   of   the   road   itself. 

3.  The  character  of  the  traffic  handled  over  the  road. 

4.  The  density  of  this  traffic. 

5.  The  speed  at  which  this  traffic  is  moved. 

The  conclusions  of  this  Sub-Committee  must  be  based  largely  upon 
the  findings  of  the  other  Committees  of  the  Association,  and  it  proposes  to 
study  and  to  co-ordinate,  as  far  as  it  may,  the  pertinent  recommendations 
of  these  Committees,  and  suggests  that  all  railway  structures,  in  which 
it  includes  roadbed,  ballast,  ties,  rails,  etc.,  etc.,  be  divided  into  groups, 
comprising : 

1.  Those  under  similar  characteristics  of  territory. 

2.  Those  under  similar  characteristics  of  road  itself. 

3.  Those  of  similar  form  or  design. 

4.  Those  of  similar  materials. 

5.  These  under  similar  duty,  i.  e.,  under  like  traffic  conditions. 

The  cost  of  construction,  the  cost  of  repairs,  period  of  usefulness, 
and  the  cost  of  renewals  must  be  known  or  ascertained. 

With  proper  analyses  under  such  divisions,  it  should  be  possible 
eventually  to  make  reasonably  reliable  recommendations  for  economics  in 
operation  as  affected  by  maintenance  of  way  and  structures. 

BIBLIOGRAPHY. 

A  Bibliography,  prepared  by  the  Library  Service  Bureau  of  the  United 
Engineering  Society  and  covering  twelve  subjects  under  eight  headings, 
is  presented  as  an  Appendix  to  this  report. 

Reference  is  here  made  to  the  Bibliography  of  grade  separation 
presented  in  the  Proceedings  of  this  Association  for  1908  and  1909  by 
the  Committee  on  Roadway. 

It  is  proposed  to  keep  these  bibliographies  up  to  date,  and  other  sub- 
jects will  be  searched  as  may  seem  desirable  from  time  to  time. 
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RECOMMENDATIONS  FOR  FUTURE  WORK. 

Your  Committee  recommends  that  the  following  topics  be  assigned 
for  the  ensuing  year : 

1.  Collect  data  on  operation  costs  from  rate  case  investigations  and 
any  other  available  sources,  and  report  on  the  additional  investigations 
necessary  to  a  complete  analysis  of  operation  costs.  The  Committee  on 
Economics  of  Railway  Location  should  be  conferred  with  by  this  Com- 
mittee. 

2.  Effect  of  variation  in  the  speed  of  trains  on  costs  of  operation  and 
maintenance. 

3.  Effect  of  the  construction  of  additional  main  tracks  on  costs  of 
operation  and  maintenance. 

4.  Economic  length  of  operating  districts. 

5.  Continue  work  on  Bibliography. 

Respectfully  submitted, 
The  Committee  on  Economics  of  Railway  Operation. 


Appendix   A. 

BIBLIOGRAPHY   ON    ECONOMICS    OF   RAILWAY   OPERATION. 

Economy    of    Double   Track    on    Railroads   and   the    Relation    of   Power 
Equipment  to  Grade  and  Double  Tracking. 

1891— Wellington,  Arthur  M. 

Economic  theory  of  the  location  of  railways,  p.  675.  1891. 
N.  Y.    Wiley. 

Expedients  for  reducing  the  rate  and  cost  of  high  grades. 
1898— Armstrong,  Albert  H. 

Some  phases  of  the  rapid  transit  problem.  1898.  (In  Trans. 
Am.  Inst,  of  Elec.  Engrs.,  v.  15,  p.  377.) 

Tractive  effort  in  relation  to  grade,  in  electric  trains. 
1902 — Limits  of  capacity  of  single  track.     1902.      (In   Railway  &   Engng. 
Rev.,  v.  42,  p.  182-189.) 

Symposium  on  the  question. 
1905— Double    tracking    of    railways.       ("Editorial.)      1905.       (In    Engng. 
News,  v.  54,  p.  276. ) 

Advocates   double    tracks    for    railroads    on   account    of    higher 
degree  of  safety  and  traffic  being  handled  to  better  advantage. 
Double   tracking   of   railways.      1905.      (In   Engng.    News,   v.   54,    p. 
524.) 

Data  on  the  traffic  conditions  in   regard  to   double-tracking  of 
railways  and  estimates  of  cost  of  single  and  double  track. 
Some   practical    points    in    the    double   tracking   of    railways.      1905. 
(  In  Engng.   News,   v.  54.  p.  265.) 

Discusses  the   economic   side. 
1907 — Double-tracking  and  yard  improvements  to  facilitate  freight  traffic 
on  railways.     1907.     (In  Engng.  News,  v.  57.  p.  382.) 

Investigation  of  the  question  of  extra  facilities  of  double  track 
over  single  track  lines. 
Camp,  W.   M. 

Notes    on    track   construction   and   maintenance,   pp.   623,    1187. 
1903.     Chicago. 
The  author. 

Contain^    an    abstract    from    symposium    in    Railway   &   Engng. 
Review. 
1908— Raymond,    WiMiam   G. 

Elements  of  railroad  engineering,  p.  360.     1908.    N.  Y.     Wiley 

Shows  estimated  probable  cost  of  doubling  the  engine  tonnage 
to  handle  the  same  traffic  upon  one  mile  of  railroad  due  solely   to 
an   increase  in   the   maximum   or   ruling   gradient. 
1908— Tratman,   E.    !•'..  Russell. 

Railway   track  and   track   work,   pp.  8,  452.     1908.     N.  Y.    En- 
gineering News.     Contains  one  page  on  double  tracking  of  railways. 
1910 — Engineering    construction    on    the    Southern    Ry.      1910.      (In    Rail- 
way &  Engng.   Rev.,  v.  50,  pp.  33  3?,  55-56.) 

All    of    the    long,    continuous    maximum    grades    have    been    so 
reduced    that    the   maximum    increase    per   train    load    is    about    200 
tons. 
1**11      Baltimore  &  Ohio  mountain  division  improvement.     1911.      (In  Rail- 
way   Kge   I  '.i/.,   v.   51.  p.   513. ) 

By  reduction  of  grades,  it  was  made  possible  to  increase  the 
actual  tonnage  of  trains  and  the  distance  over  which  a  single  engine 
could  haul  its  full  tonn; 
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1911— Burch,  Edward  P. 

Electric    traction    for    railway    trains,    p.    503.      1911.      N.    Y. 
McGravv. 

Freight  haulage  by  steam  locomotives  on  mountain  grades. 
Footc,  F.  S.,  Jr. 

Effect  of  undulating  grades  on  train  velocity.     1911.     (In  Rail- 
way Age  Gaz.,  v.  50,  p.  452.) 

Theoretical   formula. 
Morrison,  C.  J. 

Effect  of  grades  on  operating  costs.     1911.      (In  Railway  Age 
Gaz.,  v.  51,  p.  111.) 

Comparison  of  cost  of  freight  locomotive  repairs  and  fuel  on 
level   and   mountainous   country    for    12   months'    period. 

Second  track  construction  on  the  Pennsylvania  between  Indian- 
apolis and  Richmond.     1911.      (In  Railway  Age  Gaz.,  v.  51,  p.  133.) 

With  the  completion  of  the  work  now  under  way,  the  maximum 
between  Richmond  and  Indianapolis  will  be  reduced  to  .9  per  cent, 
momentum,  and  the  tonnage  rating  of  1,350  tons  will  be  materially 
increased 
1912— Webb,  Walter  Loring. 

Economics  of  railroad  construction,  pp.  308-310,  319.     Edition 
2.     1912.     N.  Y.,  Wiley. 

Additional    cost    of    operating    a    given    freight    tonnage    with 
engines  on  a  heavy  ruling  grade  instead  of  with  engines  on  lighter 
grades,  etc. 
1913— Howard,  C.  P. 

Factors    entering    into    grade    reductions.      1913.      (In    Engng 
y     Record,  v.  68,  p.  375.) 

Analysis    of   estimated    saving    in    a    proposed    change    from    a 
0.6  to  0.3  per  cent,  ruling  grade  on  a  typical  130-mile  division 
LaBach,  Paul  M. 

Minimum    efficient    gradient.      1913.      (In    Railway     We    Gaz 
v.  55,  p.  55.) 

The    statement    is    made    that    the    problem    is    one    of    virtual 
grades    and    speed    curves    so    surrounded    by    operating    conditions 
that   it   is   unsafe   to   draw    conclusions    from    similarities    based    on 
grade  lines  alone. 
Sakolski,  A.  M. 

American  railroad  economics,  p.   103.     1913.     N.  Y.,  Macmillau. 

On    economy   of  the    reduction    of    grade,    and    providing    extra 
tracks,   etc. 
Webb,   Walter  Eoring. 

Economical  limits  of  grade  reduction.    1913.     (In  Railway    Sax, 
Gaz.,  v.  54,  p.  750.) 

l)iscussion   of   tlic    factors   entering   into   an   analysis   of   train 
resistances   and    their    respective   importance. 
1914 — Allowances    to    short    lines    of    railroad-    serving    industries       I'M.) 
(In  Railway  Rev.,  v.  55.  p.  602  I 

On    short    haul    traffic. 
Baxter.    \Y.    M. 

Operating  capacitj   of  single  track  divisions.     1914      (In  Kail 
way  Age  Gaz  .  v.  56,  p   si<"  871  I 

Study   of   the   physical   limitations    m    single   trade    operation; 
advantages  of  automatii    blo<  k  signal 

''rites,   (',.    S. 

onomical  track  -    momj      1914      <  in   Railway 
v.  57.  p    134.) 

rractive  forc<  of  I motiv<     in  relation  to  condition  of  track; 

illustrated  by  diagrams 


<r 
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Heavy  improvement  work  on  the  Erie;  important  double  track- 
ing, grade  revision  and  rcalinement  between  Meadville,  Pa.,  and 
Corry.     1914.     (In  Railway  Age  Gaz.,   v.  56,  p.   125.) 

With  the  building  of  the  second  track,  the  grades  and  curves 
have  been  reduced   so   as   to   effect   large   operating  economies. 
Howard,  C.  P. 

_  Grade  reduction  problems ;  a  study  of  grades  on  a  130-mile 
division.  1914.  (In  Proc  Amer.  Railway  Eng.  Assoc,  v.  15,  pt.  2, 
pp.  3-28.) 

Shows  saving  in  operating  expenses  by  reduction  of  grade. 

Abstract.     Locating  the  railroad  to  handle  probable  traffic  with 
utmost  economy.     1915.     (In  Engng.  Record,  v.  71,  p.  370.) 
Robson,  T. 

Resistance  of  locomotives  and  rolling  stock.  1914.  fin  The 
Engr.,  v.  118,  p.  18.) 

In  estimate  of  power  required  to  haul  rolling  stock  over  any 
section    of    line    considers    resistance    on    straight    level    track,    on 
curves,  due  to  gravity,  due  to  acceleration. 
Shield,  A.  H. 

Economv  in  locomotive  haulage  on  steep  gradient?.  1914.  (In 
Engr.,  v.   118,  pp.  383-384.) 

Formulas    for    power    required    for    hauling    trains    over    steep 
grades. 
1915 — Calculations    showing    economy    of    constructing   the    Rogers    Pass 
tunnel.     1915.     (In  Engng.  Contracting,  v.  44,  p.  398.) 

Method  used  is  that  of  comparing  cost  of  fuel  on  the  basis 
of  work  done  rather  than  on  a  train-mile  or  any  other  unit. 

Comparison  of  the  old  and  new  lines  of  the  Canadian  Pacific 
at  Rogers  Pass,  B.  C.     1915.     (In  Railway  Age  Gaz.,  v.  58,  p.  194.) 

Comparison  of  comparable  factors  affecting  the  cost  of  op- 
erating over  Rogers  Pass,  via  present  line  and  via  tunnel  line, 
now  under  construction,  average  traffic  for  the  years  1912  and  1913. 
Kinyon,  A.  G. 

Scientific  train  loading;  tonnage  rating.  1915.  (In  Proc.  Trav- 
eling Engrs.  Assoc,  v.  23,  pp.  172-213.) 

Best  method  to  obtain  maximum  tonnage  haul  for  the  engine 
over   the    entire   division,   taking   into   consideration   the   grades   at 
different  points  in  the  division. 
LaBach,  Paul  M. 

Relation  between  the  number  of  trains  and  passing  points.  1915. 
(  In   Railway  Age  Gaz.,  v.   59,  p.   197.) 

The  only  general  rule  that  can  be  formulated  is  that  the  slow 
trains   should    follow   immediately   after   the    fast   and   be    scattered 
at  nearly  equal  intervals  through  the  day;   it  is  also  apparent  that 
increasing  the  speed   will   decrease  the  number   of   passing  points. 
LaBach,  Paul  M. 

Superheater  locomotives  and  grade  revision.  1915.  (In  Rail- 
way Age  Gaz.,  v.  59,  p.  469.) 

\  comparison  <>f  data  showing  actual  saving  in  cost  of  opera- 
tion by  reduction  of  grade  and  the  use  of  superheater  locomotive. 
LaBach,  Paul  M. 

Superheater  locomotives  and  grade  revision.  (Letter. ">  1015. 
(In   Railway   Age  Gaz.,  v.  59,  p.  E 

Vnswer  to  criticism  in  Railway  Age  Gaz.,  v.  59,  p.  637. 

Superheater  locomotives  and  grade  revision.  (Letter.)  1915. 
(In  Railwaj    ^ge  Gaz.,  v.  50,  p.  637.) 

Criticises  the  formula  given  in  article  by  Paul  M.  LaBach. 
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7"        Grade  reduction  on  the  Kentucky  division  of  the  Illinois  Cen- 
tral R.  R.     1915.     (In  Railway  Rev.,  v.  57,  p.  389.) 

As  a  result  of  the  grade  revisions,  Mikado  engines,  which  for- 
merly handled  trains  of  only  1,350  tons  north  bound  and  1,450  tons 
south  bound,   will   now   handle   2,250  tons   north   bound   and   3,000 
tons  south  bound. 
1916-Hdward,  C.  P.^  _   ^   ^  ^      ^      ^  prQc    Amer    Rail. 

/way  Engng.  Assoc,  v.  17,  p.  225.)  p 

Power  and  performance  of  locomotives  in  connection  with  rise 

and  fall  of  grade.  . 

Operating    study    of    the    Rock    Island.      1916.      (In    Railway    Age 
Gaz.,  v.  60,  p.  1065.)  ,"■;■'  ...  ... 

While  53  per  cent,  of  the  Rock  Island  is  branch  lines,  this 
does  not  differ  greatly  from  the  ratio  on  other  western  roads.  A 
considerable  portion  of  branch  mileage  is  in  undeveloped  country 
The  26.4  per  cent,  of  branch  line  mileage  requires  12  per  cent,  ot 
freight  train  mileage  to  handle  less  than  1  per  cent,  of  total  freight 
business  of  the  division;  also  has  paragraph  showing  economy  ot 
double  tracking.  ,T      p   .. 

Studies    in    operation,    the   Western    Maryland.      1916.      (in    Kaii- 
wav  Age  Gaz.,  v.  61,  p.  183.) 

Revision  of  line,  etc.,  results  in  decrease. in  operating  expenses. 
U)17— Double-track  work  on  a  busy  section  of  the  Erie  Railroad.     191/. 

In  Engng.   News,  v.   77,  p.  224.)  

It  is  of  interest  to  note  that  the  parallel  single  track  lines, 
for  9  miles  of  the  Erie  Railroad  and  the  Chesapeake  &  Ohio  Rail- 
road, on  adjacent  right-of-way,  are  operated  by  joint  agreement 
as  a  double-track  line.  This  saves  cost  of  double  tracking. 
Second  track  construction  on  Southern  Railway.  1917.  (  En  Rail- 
way Age  Gaz.,  v.  63,  p.  841.) 

The    revision    of    the    grade    line    has  -enabled    the    rating    foi 
Mikado  engines  to  be  increased  from  1.400  tons  to  2,000    on s. 
Second  track  work  on  the  Union  Pacific.     1917.     (In  Railway    Vge 
Gaz.,  v.  63,  p.  329.)  ■     .  .      . 

Heavy  grade   revision    was    made    in   connection   with    the    im- 
provement of  a  dense  traffic  line  in   Eastern  Utah. 
Economic  Length,  Weight  and  Speed  of  Railroad  Trains. 
Note:— References   marked   "'*"   refer  to  publications  that   are  not   in 
the  library  and  have  not  been  verified, 

1883    Laboriette,  J.  de.  .  '       .  '         _,       . 

Note   sur   le   wagon   dynamometnque   du   Chenun    de    l-er   au 
Nord.     1883.     (In   Rev.  Generate  des  Chcmins  de  Rer,  v.  6,  pt.  1, 

P     Contains  brief  data  on  the  resistance  of  Freight  train*;  results 

of  tests  made  in  France, 

1891    -Well  Arthur  \l.  . 

ition  oi   railways,  v    327,  434,  4 »-. 

560.    1891.    N.  Y.,  Wiley.  ,      . 

Economic  effeel  of  the  rise  and  fall  of.  grade;  tractive  power 
of  the  locomotive;  train  resistance,  and  tram  load 

""  Resistance    a    la    traction    d<      trains    I 

Vltr.  nemcnl  droit     L897     (In  Rev,  General*  dea  (  hemins 

de  :  I  pt,  i.  p.  •' 

Contains  some  data  bn   freight  nam  reststan 
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1898— Armstrong,  Albert  H. 

Some  phases  of  the  rapid  transit  problem.  1898.  i  In  Trans. 
Am.  Inst,  of  Elec.  Engrs.,  v.  15,  p.  363.) 

Problems  in  electric  train  acceleration. 
Dodd,  S.  T. 

Power  consumption  in  electric  railroading.  1898.  (In  Street 
Railway  Jour.,  v.  14,  p.  545.) 

Considers   train   resistance   in   four   principal   divisions:     Grade 
resistance;   curve   resistance;   acceleration   resistance;   frictional   re- 
sistance. 
1899— McMahon,  Peter  Valentine. 

Electric  locomotives  in  practice,  and  tractive  resistance  in  tun- 
nels, with  notes  on  electric  locomotive  design.  1899.  (In  Jour. 
Inst.   Elec.  Engrs.,  v.  2t,  p.  508,  609.) 

Includes  tractive  resistance  per  ton  of  train  and  results  of  per- 
formance tests  for  electric  locomotives. 

Abstract.     1899.     (In  Street  Railway  Jour.,  v.  15,  p.  391.) 
Resistance  of   empty   and   loaded  coal   cars.      1899.      (In   Railroad 
Gaz.,  v.  31.  p.  262.) 

Results  of  actual  tests;  half  a  page. 
Resistance  of  loaded  and  empty  freight  cars.     1899.     (In  Railroad 
Gaz..  v.  31,  p.  207.) 

Data  given  by  E.  H.  McHenry;  results  of  actual  tests  on  the 
Northern  Pacific  Railway,  using  a  dynamometer;   one  page. 
Speed   tests   on   the    Cleveland-Lorain   Railway.     1899.     (In    Street 

Railway  Jour.,  v.  15,  p.  363.) 

The    line    is    a   high    speed    electric    road,    with    practically    no 
grades  and  few  curves. 
1900— Delano,  F.  A. 

What  does  it  cost  to  run  trains  at  high  speed?  1900.  (In 
Proc.    Western    Railway    Club,    v.   12.    p.   201-228.) 

Considers    increased    fuel    consumption,    higher    grade    of    ma- 
chinery,   increased    wear    and    tear,    increased    risk    of    accident    by 
breakage  of  machinery  or  collisions,  delay  to  traffic  on  account  of 
keeping  the  road  clear. 
1902— Arnold,  B.  J.,  and  W.  B.  Potter. 

Comparative  acceleration  tests  with  steam  locomotive  and  elec- 
tric motor  cars.  1902.  (In  Trans.  Am.  Inst,  of  Elec  Engrs.,  v. 
19,  p.  833.) 

Tests  were  carried  out  by  W.  J.   Wilgus,  Chief  Engr.   of  the 
New  York  Central   Railroad. 
Arnold,   Bion  J. 

Method  of  ascertaining  by  means  of  a  dynamometer  car,  the 
power  required  to  operate  the  trains  of  the  New  York  Central  & 
Hudson  River  Railroad  between  Mott  Haven  Junction  and  Grand 
Central  Station  and  the  relative  cost  of  operation  by  steam  and 
electricity.     1902.     (In  Trans.  Am.  Inst.  Elec.  Engrs.,  v.  19,  p.  865.) 

Tests    on    suburban    and    through    trains,    considers    speed    and 
weight   of   train. 
Davis,  W.  J. 

Train  resistance.  1902.  (In  Street  Railway  Tour.,  v.  19,  p. 
554. ) 

Results    of    tests    made    for   the    General   Electric    Company    on 
a    section    of    the    Buffalo    &   Lockport    Railway,    on    light    electric 
trains. 
Mailloux,   C.   O. 

Notes  on  the  plotting  of  speed-time  curves.  1902.  (In  Trans. 
Am.  Inst.   Elec.   Engrs.,  v.   19,  p.  901.) 

Includes  derivation  of   formulae,  of  train  acceleration. 
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1902— Mailloux,  C.  O. 

Plotting  speed-time  curves.  1902.  (In  Street  Railway  Jour., 
v.  20,  p.  51,  121,  199,  231,  254,  275.) 

An  attempt  to  facilitate  the  use  of  speed-time  curves  as  a 
method  of  precision  by  simplifying  their  application  to  practical 
work. 

Results  of  tests  for  air  resistance  on  the  Berlin-Zossen  experimental 
high  speed  line.     1902.     (In  Street  Railway  Jour.,  v.  19,  p.  726.) 

Tests  made  on  electric  trains ;  total  motor  output  required  by 
the  90  to  92  ton  cars  was  from  840  h.  p.  to  950  h.  p.   for  speeds 
varying  from  90  miles  to   106  miles   per  hour. 
1903 — Aspinall,  John  Audley  Frederick. 

Experiments  on  the  tractive  resistance  of  loaded  railway  wag- 
ons.    1903-04     (In  Minutes,  Proc.  Inst.  Civil  Engrs.,  v.  158,  p.  369.) 

Results  of  experiments  made  on  the  Lancashire  and  Yorkshire 
Railway,  with  10-ton,  20-ton,  and  30-ton  cars  loaded  to  their  full 
capacity. 

Abstract.     Tractive    resistance   of    loaded    railway   wagons ;    by 
J.  A.  Aspinall.     1905.     (In  Railroad  Gaz.,  v.  38,  p.  15.) 
Dennis,  A.   C. 

Virtual  grades  for  freight  trains.  1903.  (In  Trans.  Amer.  Soc. 
of  Civil  Engrs.,  v.  50,  p.  1.     Paper  942.) 

Contains  diagram    showing    velocity    head    and    train     speed ; 
twenty-two   pages,   including   discussion. 
Wickhorst,  Max  H. 

Equal  tonnage  rating,  methods  of  test  and  calculation.  1903. 
(In  Proc.  Western  Railway  Club,  v.  15,  p.  317.) 

Includes  results  of  tests  of  freight  train  resistance;   formulas. 

Abstract.     (In  Railroad  Gaz.,  v.  35,  p.  234.) 
1904— Ashe,  Sydney  W. 

Train  testing.     1904.     (In  Street  Railway  Jour.,  v.  23,  p.  769.) 

Plotting   of   speed-time   curves   and   also   briefly   considers   dis- 
tance-time curves. 
Davis,   W.  J.,  Jr. 

Train  resistance.  1904.  (In  Street  Railway  Jour.  v.  24,  p. 
1000.) 

Formula  for  train  resistance  at  high  speeds  as  applied  to  the 
type  of  cars  in  common  use  on  electrically  operated  railroads. 
Lyford,   O.   S.,  Jr.,   and   W.   N.   Smith. 

Problems  of  heavy  electric  traction.  1904.  (In  Trans.  Am. 
Inst,   of   Elcc.    Engrs.,   v.   23,   p.   696,   713.) 

Comparative  train  performances  computed  with  different  re- 
sistance formulas;  and  time-speed  curves  fur  steam  trains  from 
actual   practice. 

Abstract.     1904.     (Tn  Street  Railway  Jour.,  v.  24.  p.  093.)   

1905— Ayer,  J.   M.   and    11     S    Knowlton. 

Car-test  recorder  of  the  Boston  Elevated  Railway  Companv. 
1905.      (In    Street    Railway   Jour.,    v.   25,    p.   68.) 

Methods  of  testing  operation  of  trains,  in  regard  to  speed,  run- 
ning  time,   acceleration,    coasting,   braking   and    power    consumption 
1906     Ulir.  Sydney  YV. 

Il"w  to  analyze  train  te^ts.  1906.  (In  St  net  Railway  Tour., 
v.   2X.   p.    104'M 052.) 

\  tudj  of  i'i'-  results  ol  .i  train  test  made  In  the  Brooklyn 
Rapid    Transit   Co.;   considei  in   miles,   maximum   speed, 

speed  passing  niiu,,  average  speed  between  st.iii.ms.  station  stops 
initial  rate  of  .<'  celeration 
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1906 — Electric  Railway  Test  Commission. 

Report  to  the  President  of  the  Louisiana  Purchase  Exposition, 
p.   463-574.     1906.     N.   Y.,   McGraw. 

Contains  data  on  train  resistance  tests  of  interurban  cars. 
Wynne,  F.  E. 

Electric  railway  engineering ;  general  principles  relating  to 
the  operation  of  cars  or  trains.  1906.  (In  Electric  Jour.,  v.  3, 
p.  7.) 

Tractive   effort   and   power   required   from   standstill   to   maxi- 
mum speed;  effect  of  grades  and  curvature;  formulae. 
1907 — American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion. 

Train  resistance;  report  of  Committee  on  the  Economics  of 
Railway  Location.  1907.  (In  Proc.  Am.  Ry.  Engng.  Assoc,  v. 
8,  p.  150.) 

Contains    results   of    experiments    on   resistance   in    relation    to 
speed  of  loaded  and  empty  freight  car-. 
Cams-Wilson,    Charles   Ashley. 

Predetermination  of  train  resistance.  1907-08.  (In  Minutes, 
Proc.   Inst.  Civil   Engrs.,  v.   171,  p.  227.) 

Includes    results    of    tests   made   on    the    resistance    of    freight 
trains. 
Muhlfeld,  J.  E, 

Tonnage  rating.  1907.  i  In  Amer.  Engr.  &  Railroad  Jour.,  v. 
81,  p.  185.) 

Formula    for   maximum  available   hauling   capacity   of   locomo- 
tive;  and  discussion  of  combination  of   speed   and   load   that  may 
give   the   best   results ;    one   page. 
Stillwell,  Lewis  B.,  and  H.   St.   C.  Putnam. 

On  the  substitution  of  the  electric  motor  for  the  steam  loco- 
motive.    1907.      (In  Trans.   Am.   Inst.   Elec.   Engrs.,   v.   26,   pt.   1,   p. 

72.) 

Data  showing  average  train-miles,  car-miles,  ton-miles,  weight 
and   speed    of   trains   in   passenger   and   car    service    in    the   United 
States. 
Poland,   W.   B. 

Comparative  cost  of  fast  and  slow  freight  service.  1908.  (In 
Proc.  Amer.  Railway  Engng.  &  Maintenance  of  Way  Assoc,  v.  9, 
p.  795.) 

Four  pages,   including  diagram. 
1908— Raymond,  William  G. 

Elements  of  railroad  engineering,  p.  133,  158.  1908.  N.  Y. 
Wiley. 

Treats    of   variation    of   tractive    effort    with    speed;    resistance 
to  motion  at  constant  velocity  :  train  acceleration  :  grade  resistance, 
etc. 
1909— Ayres,  M.  V. 

Car  weights  as  affecting  operating  cost.  1909.  (In  Elec.  Rail- 
way Jour.,  v.  34,  p.  744.) 

An   attempt  to   show  the  manner   in  which   the   following  costs 
vary  with  the  weight  of  cars:     Cost  of  power;  Cost  of  car  repairs; 
Cost   of   track    repairs;    fixed   charges   of    power    plant;    and    fixed 
charges   of   distribution   system. 
Beahan,  Willard. 
"-"^  Field  practice  of  railway  location,  p.   151.     1°0Q.     N.   Y.,  Engi- 

neering   News    Publishing    Co. 

iders   train   resistance,   velocity   resistance,   length   of  train, 
etc. 
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1909— Bissell,  C.  S. 

Maximum  weights  of  slow  freight  trains.  1909.  (In  Trans. 
Amer.  Soc.  Civil  Engrs.,  v.  64,  p.  303,  Paper  1111.) 

Determination   of   the   car   factor  in  train  resistance. 

Abstract.     1909.     (In  Railway  Gaz.    (Lond.),  v.  10,  p.  609.) 
Mailloux,  C.  O. 

Industrial  definition  and  measurement  of  train-acceleration. 
1909.     (In  Elec.   Ry.  Jour.,  v.  23,  p.   277.) 

Abstract  of  paper  read  before  the  International  Electrical  Con- 
gress at  Marseilles.  Gives  diagram  of  distance  speed  and  accel- 
eration  functions. 

Performance  of  electrical  equipment  on  the  Liverpool  &  Southport 
railway.     1909.     (In   Elec.   Ry.   Jour.,   v.   33,   p.   946.) 

Particulars  of  acceleration,  train  resistance,  with  diagrams  for 
speed  time  curves  and  tractive  effort. 
1910— Bissell,  Clinton   S. 

Traction  of  freight  trains  at  different  speeds.  1910.  (In 
Trans.   Amer.   Soc.   Civil   Engrs.,   v.  66,  p.   58,   Paper   1132.) 

An  attempt  to  determine  what  a  given  tractive  power  can 
accomplish  in  overcoming  a  number  of  resistances,  the  principal 
of  which   is  grade. 

Cars,   schedules,  power  consumption,   running  tests  and   signals  in 
London  subways.     1910.     (In  Elec.  Ry.  Jour.,  v.  36,  p.  212.) 

Considers    also    weight   and    length    of   train. 
Dennis,   A.  C. 

Basis  of  variation  for  operating  costs  applicable  to  the  design 
of  railway  location.  1910.  (In  Proc.  Amer.  Ry.  Engng.  &  Main- 
tenance of  Way  Assoc,  v.  11,  pt.  1,  p.  685.) 

States   that   the   tests   of    freight   train   resistance   given    cover 
speeds  of  7  to  35  miles  an  hour. 
Isaacs,  John  D.,  and  E.  E.  Adams. 

Economic  and  efficient  speed  of  freight  trains.  1910.  (In 
Proc.  Amer.  Ry.  Engng.  &  Maintenance  of  Way  Assoc,  v.  11,  pt. 
2,  p.  1328.) 

Nine   pages,    including    diagrams. 

Abstract.     Engng.   Record,  v.  60,  p.  657-658.) 
Isaacs,  John  D.,  and  E.  E.  Adams. 

Effect  of  physical  characteristics  of  a  railway  upon  the  opera- 
tion of  trains.     1910.     (In  Proc.  Amer.  Ry.  Engng.  &  Maintenance 
of  Way  Assoc,  v.  11,  pt.  2,  p.   1311.) 
Randolph,  Beverly  S. 

Locomotive  performance  on  grades  of  various  lengths.  1910 
(In  Trans.  Amer.  Soc.  Civil  Engrs.,  v.  70,  p.  321  "> 

A  careful   study  of  train  resistance  due  to  grades  and  align- 
ment, distributing  this  resistance  so  as  to  secure  a   minimum   cosl 
of  operation  witli   the   means   available    Jor   construction. 
Schmidt,   Edward   C. 

Freight  train  resistance.  1910.  (In  lour.  Amer.  Soc.  Midi 
Engrs.,  v.  32,  p.  679,  1295.) 

Gives  results  of  experiments  and  includes  discussion. 
Schmidt,    Kdu 

Freight  train  resistance,  its  relation  to  average  car  weight.  1910 
(In  Bull.   No.  43,   Univ.  of   Illinois   Engng    Experiment   Station  I 

\   figure   showing   relation  between  speed  and   resistanci 
lows  tin  ilti   for  eat  b   '• 

Schmidt  Edw.  C 

Freight   train   resistance,   its   relation   to   .  ai    weight 
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1910.  (In  Proc.  Amer.  Ry.  Master  Mechanics'  Assoc,  v.  43,  p. 
264-306.) 

Tests  to  determine  the   resistance  of   freight  trains  under  the 
usual  conditions  of  operation,  and  at  different  speeds. 
Van  Zandt,  J.   G. 

Tonnage  rating  for  faM  freight  trains.  1910.  i  In  Railway 
Age  Gaz.,  v.  48,  p.  1547-1550.  1788-1794.) 

Method    fur    adjusting    tonnage    and    speed    ratings    of    freight 
trains,  with  examples  and  the  computations  and  data  on  which  it  is 
based. 
1911— Burch,   Edw.  P. 

Electric  traction  for  railway  trains,  p.  401.  1911.  N.  Y.,  Mc- 
Graw. 

Considers   power  required   for  electric  trains,   including  weight 
of  the  cars  hauled;  speed  of  the  train;  available  traction  coefficient; 
character   of   the   tractive   effort:    tractive    resistance   or    effort   per 
ton,  for  gravity,   friction  and  acceleration. 
Foote,  F.  S.,  Jr. 

Effect  of  undulating  grades  on  train  velocity.  1911.  (Tn  Rail- 
way Age  Gaz.,  v.  50,  p.  452.) 

One  and  a  half  pages. 
Murray,   William   S. 

Electrification  analyzed,  and  its  practical  application  to  trunk 
line  roads,  inclusive  of  freight  and  passenger  operation.  1911.  (In 
Trans.  Am.  Inst.  Elec.  Engrs.,  v.  30,  pt.  2,  "p.   1394-1404.) 

Study  of  the  capacity  of  engines  required  and  coal  consumed 
in  such  services,  over  the  61.5  miles  of  route  between  New  Haven 
and  Woodlawn;  also  results  of  a  series  of  tests  on  the  requirement 
of  a  freight  engine  on  a  trunk  from  a  steam  locomotive  point  of 
view. 

Some  studies  in  railway  operating  ratios.  1911.  (In  Railwav  & 
Engng.  Rev.,  v.  51.  p,  107.  129,  151.  171,  193.  215,  249,  285,  307,  327, 
349,  369,  433,  455,  669,  870.) 

Considers  expense  of  locomotive  repairs  compared  with  reve- 
nue loads  carried,  cost  of  fuel  and  train  service.  Includes  tractive 
power  of  locomotives,  capacity  of  freight  cars  and  tons  carried 
per  train-mile. 

Speed  and  acceleration  problem.  1911.  (In  Amer.  Engr.  &  Rail- 
road Jour.,   v.  85.  p.  421-424.) 

Method  of  determining  speed  and  time  with  any  assumed 
train,  for  any  particular  section  of  an  existing  or  proposed  road. 
Wickhorst,   M.  H. 

Tonnage  rating  of  locomotives  on  the  Burlington.  1911.  (In 
Bull.    138,   Amer.    Ry.    Engng.    Assoc.) 

For  practical  use,  the  rates  decided  upon  arc  made  out  on 
tonnage   rating  sheets   for  each   division. 

Abstract.     Ry.  Age  Gaz..  v.  51.  o.  592-597.) 

Freight  train  tests  on  an  electric  intcrurban  railwav.  1912. 
(In  Trans.  Amer.  Inst.  Elec.  Engrs.,  v.  31,  pt.  1,  p.  1001.) 

Treats   of  train    friction,  grade   resistance,  power  consumption, 
acceleration. 
Droege,  John   A. 

Freight  terminals  and  trains,  p.  130.  152.  168.  1912.  N.  Y.,  Mc- 
Graw. 

Treats  of  loading  cars;  formulae  for  train  resistance;  and  re- 
sults of  tests  on  the  Baltimore  &  Ohio  S.  W.  R.  R.,  on  the  relative 
economy    of    running    slow-freight   trains,    with    engines    loaded    to 
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maximum  capacity,  compared  with   fast-freight  trains  of  less  than 
maximum  capacity  of  engines. 
1912— Webb,  Walter  Loring. 

Economics  of  railroad  construction,  p.  186-232.  Ed.  2.  1912. 
N.   Y.,   Wiley. 

On  train  resistance,  tonnage  rating,  momentum  grade,  etc. 
1913 — American  Railway   Engineering  Association. 

Economics  of  railway  location.     1913. 

Analysis  of  maintenance  of  way  and  structure   accounts. 
American  Railway  Engineering  Association. 

Ratio  of  locomotive  equivalent,  ton  mileage  to  total.  1913. 
(In  Proc.  Amer.  Ry.  Engng.  Assoc,  v.  14,  p.  597-598.) 

Table  given  to  show  approximate  amount  of  damage  done  by 
the  locomotive  for  each  class  of  traffic. 
Begien,  R.  N. 

Dynamometer  tests,  Baltimore  &  Ohio  Railroad,  application 
to  tonnage  rating.  1913.  (In  Proc.  Am.  Ry.  Engng.  Assoc,  v.  14, 
p.  599-651.) 

Tests  to  determine  a  standard  by  which  train  performance 
may  be  measured. 

Abstracts.     Engng.    News,    v.    69,    p.    727-729;    Engng.    Record, 
v  67,  p.  315-16,  349-351  ;  Rv.  Rev.,  v.  53,  p.  322-324;  Ry.  Age  Gaz., 
v.  54,  p.  642. 
Del  Mar,  W.  A.,  and  D.   C.  Woodbury. 

Approximate  predetermination  of  train  energy.  1913.  (In 
Elec   Ry.  Jour.,  v.  42,  p.  1055.) 

One  and  three-quarters  pages, 
de  Muralt,  C.  L. 

Principles  of  electric  railroading.  1913.  (In  Ry.  Age  Gaz., 
v.  54,  p.  808-09,  1031-1032.) 

Considers  train   resistance,   formulas  developed   for  calculating 
the  amount  of  the  forces  of  inertia,  gravity  and  friction. 
Houston,  Harold   A. 

Comparison  of  freight  train  and  canal  boat  resistance.  1913. 
(In  Railway  Age  Gaz,  v.  55,  958.) 

Contains  diagram  of  relation  between  tractive  effort  and  speed 
for    f rci.ulil    trains   and    canal    barges. 
I  louston,   H.  A. 

Locomotive  tractive  effort.  1913.  (In  Railway  Age  Gaz.,  v. 
55,  p.  455.) 

The  developmeni    of  a    formula   which   includes  allowances  for 
the   limits   to   the   physical    strength    of   the    fireman. 
Hutchinson,  Cary  T. 

Predetermination  of  train  energy.  (Letter)  1913.  (In  Elec 
Ry.   Jour,    v.    42,    p.    1295-1296.) 

Discusses    formulas    for    train    resistance. 

Predetermination  of  energy  to  propel  cars  or  trains.     (Editorial) 
1913,     I  In   Etec.   Ry,  Jour.,  v.  42,  p.  1166.) 

Review  of  a  number  of  formulas  for  this  purp 
Roberts,  Clarence  and  Russell  M.  Smith. 

Practical  locomotive  operation,  p.  13,  17.  1913  Phila.  Lip- 
pincott. 

Tractive  rih.it  and  hois,'  power  formulae  for  locomotives  and 

formulas    foi    train    resist. nice   with    passengei    ami    freight    cats,    with 

diagrams, 
Sakolski,    V  M. 

American  railroad  i<,'H"iim>,  ]>  127,  158.  1913  N  N  .  Mac 
millan. 
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On  speed,  efficiency,  hauling  capacity,  etc.,  of  rolling  stock,  gen- 
eral remarks. 
Sheafe,  J.   S. 

Overloading  freight  locomotives  not  economical.  1913.  (In 
Railway  Age  Gaz.,  v.  55,   p.  915.) 

Figures  are  presented  for  consideration  in  order  to  reduce  the 
whole  question  to  a  percentage  basis. 

Studies  in  operation — the  Chesapeake  &  Ohio.    1913.     (In  Ry.  Age 
Gaz.,  v.  55,  p.  1061.) 

An  increase  of  187  tons  in  train  load  in  two  years,  and  what 
is  being  done  to  reap  the  profit  of  this  gain  in  efficiency. 
Tonnage     rating    economics.      (Editorial)    1913.     (In     Railway     & 
Engng.  Rev.,  v.  53,  p.  328-329.) 

Review  of  paper  read  before  the  Amer.  Ry.  Engng.  Assoc, 
by   R.   N.   Begien. 

Train    resistance   tests,    Southern    Pacific    Ry.     1913.     (In    Engng. 
News,  v.  69,  p.  410-411.) 

A  description  of  a  series  of   careful   observations   made   with 
regular   freight  trains,   in  1883.) 
1914 — American  Railway  Master  Mechanics  Association. 

Report  of  Committee  on  Train  Resistance  and  Tonnage  Rating. 
1914.  (In  Proc.  Am.  Rv.  Master  Mechanics  Assoc,  v.  47,  pt.  1. 
p.  284-323.) 

Considers     track    conditions,    operating    conditions,    weight    of 
cars,  etc. 
Dunn,   Harold   H. 

Tractive  resistance  of  a  28-ton  electric  car.  1914.  (In  Univ. 
of  Illinois,  Engng.  Experiment  Station,  Bull.   No.   74.) 

Tests    on    interurban    electric    car    running     on     straight,    level 
track,    in    still   air  at   uniform    speed,    to    determine   the    resistance 
offered  and  to  ascertain  the  relation  existing  between  that  resist- 
ance and  the  speed  of  the  car. 
Ewing,   D.    D. 

Resistance  to  car  motion.  (Letter)  1914.  (In  Elec.  Rv.  Tour., 
v.  44,  p.  304-305.) 

Discussion  of  tests  made  at  the   Univ.   of  Illinois. 
Freight  car  maintenance   record,   1902-1912-1913.     1914.      (In   Rail- 
way Rev.,  v.  54,   p.   32.) 

Statistics   for  a   number   of   railroads. 
Houston,    H.   A. 

Analvsis  of  steam  train  resistance.  1914.  (In  Railwav  Age 
Gaz.,  v.  56,  p.  741.) 

Study  of   a  number   of   tests   to   determine   the   average    value 
of  the  various   items  concerned. 
Kerby,   Frederick. 

Advantages  derived  from  the  use  of  speed  recorders,  and  the 
influence  of  same  on  operating  expenses.  (1914.  (In  Proc.  Trav- 
eling Engrs.   Assoc,   v.  22,   p.  371-385.) 

It  is  claimed  that  by   maintaining  as   uniform   a   speed  a- 
sible  over  an   entire  division  of  road,   it  is  much  easier  on   track, 
machinery  and  cars  and  reduces  expenses  of  maintenance. 
Mailloux,   C.   O. 

Notes  on  train  resistance  formulas.  (Letter)  1914.  (In  Elec. 
Railway  Jour.,  v.  44,  p.  78-79.) 

Discusses  new  empirical  formula  derived  from  the  tests  made 
by  the  experiment  station  of  the  University  of  Illinois. 
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1914-MOtkc^oe4&  train  loading  for  a  given  territory.  1914.  (In  Ry. 
Nation  ol  «s.!5.rain  load  and  speed,  results  of  experiments 
M0USnimplHying  the  tonnage  rating  problem.  1914.  (In  Railway 
AgeDGeShVof5a  metnod'Uich  has  been  in  constant  use  for  four 
years  on  an  important  trunk  line. 
R0bRensis!a„ee  of  loeomo.ives  and  rolling  stock.    1914    (In  Engi- 

1915-Barnum,dEr.Ss  ^  ^^  ^^  ^      wl5.      (In  Railway 

AgeDaata' fVor59de?ermina«ion  of  scientific  train  loading;  result  of 

tests. 

^fckntific  tin    loading,    tonnage    rating.     1915.     (In    Railway 

Age  Gaz.,  v.  59,  p.  507.)  internal  resistance  in  pounds  per 

.ou^weUfoVfUigtrcaL'-oTvarious  weights  a,  different 

'""Same,  Ry.  Age  Ga,   (Meeh.  ed.),  v.  39,  p.  502 ;  Ry.  Rev.,  v. 

57,  p.  594. 

Beyer,  O.  S.,  Jr.  .   nn._,,    ratine     1915.  (In    Railway 

Scientific    train  loading;    tonnage    rating,     ivio.  v 

risrort.lTmTSsfallof^'frllnlai.Say  Age  Ga,,  v.  5, 
P'  Tdctai.ed  estimate ]  showing  that  proposed  lUinois  law  hmiting 
jto^rfff^SS^Bh^to!**  Pan.  Ry.  Co 
rilhuoi'fanTwoul'd  towTafinerease  in  freight  tram  mdes  of 
20.08  per  cent. 
D°tSon  Lof   passing  sidings  on  single  track.     1915.     (In  Rail- 

WayC^i«£:^w5^acl 9ti?e  sidings  so  that  the  maximum  ca- 
pacity of  the  railroad  will  be  obtained. 

D°WSa^et;CandAshort  trains.  1915.  (In  Railway  Age.  Gaz.,  v.  58, 
P'  'K  bill  to  limit  the  length  of  trains  to  a  maximum  of  50 
cars  per  train.  Railway  Age  Ga*..  v-  5°-  ' 

MSi,^ .-.., -;r',:;-.;";;' v-r '""  "" 

,.,,,..    A„,,r.  Ry   Engng    ^-f2,\J!i  &Ji  I  Michigan  Southern 
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variations   in   the  initial   velocity   upon  total   resistance;   no   definite 
conclusions  because  of  limited  range  of  velocities. 

Abstracts.     Ry.  Age.  Gaz.,  v.  58,  p.  796;   Engng.   News.   v.  73, 
p.  899;  Sci.  Am.  Suppl.,  v.  80,  p.  111. 
idwin,   George    S. 

Value    of    a   locomotive    in    terms    of    earning    capacitv.     1915. 
(In  Ry.  Age  Gaz.,  v.  58,  p.  305.) 

Earning  capacity   analyzed. 
Green,   F.  W. 

Cost  of  stopping  and  starting  trains.     1915.     (In   Proc.   Amer 
Ry.  Engng.   Assoc,  v.   16.   pt.  2,   p.  271-278.) 

On  developing  formula  for  approximate  cost ;  review  of  papers 
on    tii is    subject. 

Abstracts.      (In  Railway   Rev.,   v.  56.  p.  655.) 
Limiting   the    length   of   trains.      (Editorial)    1915.      (In    Ry.     ^g< 
Gaz..  v.  58,  p.  392.) 

States    that    the   two    strongest   argument-    against    train    limit 
legislation  are  that  it  will  increase  both  railway  expenses  and  rail- 
way accidents. 
Locomotive  maintenance.     1915.     (In  Ry.  Age  Gaz.,  v.  59.  p.  452.) 

Diagram   showing  that  the  roads  that  have   increased  the   ca- 
pacity of  their  freight  locomotives  have  been  able  to  increase  the 
ton-miles  per  locomotive-mile. 
Pomeroy,   L.   B. 

Diagram    for    determining    percentage     of     maximum    tractive 
effort.     1915.     (In  Ry.  Age  Gaz.,  Mech.  Ed.,  v.  89,  p.  453-454.  I 

Method  of  determining  by  means  of  combination  curves  tractive 
effort   available   with    various    speeds. 
Potter,  M.  W. 

Limiting   length   of   trains   by  law.     1915.     (In    Rv.    Age   Gaz., 
v.   58,  p.  268.) 

Argument   against   limiting  the  length   of  trains. 
Price,  Alfred. 

Some  maxima  and  minima  in  train   operation.     1915.     (In   Ry. 
Age  Gaz.,  v.  58,  p.  401.) 

Considers  speed  and  weight  of   trains  and  car  loading  in  rela- 
tion to  cost  of  operation. 

Same.     (In  Ry.  Rev,  v.  56,  p.  286-289.) 
Tests   (1912-1913)    on  the  resistance  of  passenger  locomotives  and 
cars  on  the  Russian  railwav  svstem.     1915.     (In  Jour.  Amer.   Soc. 
Mech.  Engrs.,  v.  36,  p.  0144-0147.) 

Gives  formulas  derived  by  the  author  from  actual  tests. 
Wcntworth,  Charles  C. 

Hump-yard    calculations.      1915.      (In    Engng.    News,    v.    74,    p. 
750.) 

A  formula  expressing  the  motion  of  cars  when  drifting  either 
on  a  level  or  on  up-  or  down-grades. 
1916 — American    Railway   Master   Mechanics'    Association. 

Report  of  Committee  on  Train  Resistance  and  Tonnage  Rating. 
1916.     (In  Proc.  Am.  Ry.  Master  Mech.  Assoc,  v.  49.  p.  416-445.) 

Data  determined  by  tests  conducted  on  the   Pennsylvania  Rail- 
road, with  higher  capacity  cars  than   those   reported   by  committee, 
previously. 
Barnum,   E.  S. 

Measuring    locomotive    performance.     1916.     (In    Railwav    Age 
Gaz.,  v.  60,  p.  240.) 

On  method  of  making  ton  mileage  report. 
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1916— Boutell,   Hugh   G. 

Interesting  facts  concerning  grade  resistance  and  car  friction. 
1916.     (In  Ry.  Mech.  Engr.,  v.  90,  p. '345-346.) 

Results  of  tests  are  given. 
Cause  of  shock  in  long  freight  trains.     1916.     (In  Ry.  Mech,  Engr. 
v.  90,  p.  21-22.) 

States  the  best  results   in   railroad  train   service   were  obtained 
when  the  resistance  of  the  ends  of  the  cars  exceeded  the  carrying 
capacity   of   the   cars. 
Ewing,  D.  D. 

Initial  resistance  to  car  motion.  1916.  (In  Elec.  Rv.  Tour.,  v 
48,  p.  974.)  "   . 

Some  measurements  of  the  forces  necessary  to  start  different 
types  of  cars. 

Long    freight    trains    and    railway    accidents.     1916.      (In    Ry.    Age 
Gaz.,  v.  60,  p.  1033.) 

A  study  of  the  relation  between  train  length   and   accidents  to 
trains  and  casualties  to  persons. 
McKenzie,  Edward  F. 

Train  handling  on  heavy  grades.  1916.  (Tn  Rv.  Age  Gaz., 
v.  61.  p.  510.) 

Shows  methods  used  on  the  Pennsylvania  Railroad. 
Wood,  A.  J. 

Kiesel  train  resistance  formulas.  1916.  (In  Rv.  Mech.  Engr., 
v.   90,   p.  627-627.) 

Kiesel  method  for  determining  tractive  effort  of  a  locomotive. 
Wood,   Artluir  Julius. 

Principles  of  locomotive  operation  and  train  control,  p.  13,  33, 
45.     1915.  _  N.  Y.,  McGraw. 

Tractive   effort,   forces  which  move   a   locomotive;    acceleration 
of    trains;    train    resistance,    including    speed,    grade,    acceleration, 
curve  flange  and  other  resistances. 
Beyer,   O.    S.,   Jr. 

Application  of  simple  principles.  1917.  (Tn  Ry.  \m  Gaz.,  v. 
63,  p.  64. ) 

I  )n   adjusting  train    weights. 
Rnrke,  J.  A. 

Slack  action  in  long  passenger  trains,  its  relation  to  triple 
valves  of  different  types  and  consequent  results  in  the  handling  of 
trains.     1917.     (In  Railway  Rev.,  v.  o().  p.  o29,  653.) 

Considers  tin    p  I    car  brake  in  its  relation  to   length  and 

weight  of  train. 
1917— Burke,  M.  E. 

Tonnage  bureau.     1917.      (In   Ry.   Age  Gaz.,  v.  63,   p.  63.) 

On   method   of   dealing    with    the   problem    of   tonnage    rai: 
railroads. 

Foley,  T.  J. 

Effect  oi  triction    on  the  movement  of  trains    loi 7 

I  In    Railway    Rev.,    v    61,    p.   630   I 

Statistics  t"  hov  the  importance  ^i  limiting  the  speed  of 
trains    and    the    additional    tons    of     freight     that     could    be    carried 

in   a   year   with    same    equipment    and    expenditt 

Ml  lOl  e.      I  .1  'A  I         I 

Distributii  L91  In  Railway 

Vge  Gaa  .  t    62,  p.  300  I 

1 'i  que  lion  .1-  t"  whj  a  train  pulls  hardei  with  the 

I'lnptn  -  in  i'i nn!  and  tin-  loads  in  the  1  < 
'  derating  1  >ndii    1  mnage     1917      1  in  R .      '    . 

■■'.  p   sis  8 
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Discussion  of  the  fundamental  principles  governing  train  load- 
ing; measures  to  secure  maximum  performance. 
Schmidt,   Edw.  C,  and   Harold    H.    Dunn. 

Passenger  train  resistance.  1917.  (In  Proc.  \mcr.  Ry.  Engng. 
Assoc,  v.  18,  pt.   1,  p.  689-700.) 

Results  of  tests  made  at  the  Engineering    Experiment  Station, 
Univ.  of  Illinois.) 
Schmidt,  E.  C,  and   H.   H.   Dunn. 

Resistance  of  passenger  train  equipment.  1917.  (In  Bull.  No. 
194,   Am.   Ry.    Engng.    Assoc.) 

Results  of  a  study  made  with  a  dynamometer  car,  of  modern 
cars  operating  under  actual  service  conditions. 

Abstracts.     1917.     (In  Ry.  Age   Gaz.,  v.  62,   p.  407;   Ry.   Rev., 
v.  60,  p.  296;  Ry.  Mech.  Engr.,  v.  91,  p.  247.) 
Sullivan,  J.   G. 

Truck  resistance  on  curves.  (Letter)  1917.  (In  Ry.  Age 
Gaz.,  v.  62,  p.  731.) 

Criticizes  Lewis  E.  Moore  theory  as  to  why  a  train  would 
pull  harder  around  a  curve  with  the  loaded  cars  behind  the  empties. 
Wilson,  W. 

Some  practical  illustrations.  1917.  (In  Ry.  Age  Gaz.,  v.  63, 
p.  347.) 

On  train  loading ;   engine  efficiency,  and  train   miles. 

Economic  Length  of  Train  Divisions;  Short  Haul  Traffic;  and  Terminal 

Railroads. 

1891— Wellington,  Arthur  M. 

Economic  theory  of  the  location  of  railways,  p.  732-736.  N. 
Y.,  Wiley. 

On  the  economy  of  short  haul  traffic. 
1908— Raymond,  William  G. 

Elements  of  railroad  engineering,  p.  213,  229,  235.  1908.  N. 
Y.,  Wiley. 

Effect  on  operating  expenses  of  change  in  number  of  trains, 
tonnage  remaining  constant ;  cost  per  train  mile  of  operating  dis- 
tance only;  problems  in  saving  due  to  a  reduction  of  distance,  etc. 
1912— Droege,  John  A. 

Freight  terminals  and  trains,  p.  20.     1912.     N.  Y.,  McGraw. 

Contains    very    brief     reference    to    length    of    divisions    on 
railroads. 
1913— Prall,  W.  M. 

Terminal  service.  1913.  (In  Railway  &  Engng.  Rev.,  v.  53, 
p.  574.) 

On  movement  of  cars,  etc. 
Sakolski,  A.  M. 

American  railroad  economics,  p.  146.     1913.     N.  Y.,  Macmillan. 

Treats  of  average  length  of  haul,  etc. ;  general  remarks. 
1914 — Comparative  study  in  operation — Virginian  and  C.  C.  &  O.     1914. 
(In  Railway  Age  Gaz.,  v.  56,  p.  935.) 

Contains  data  on  operating  divisions. 
Coss,  J.  L. 

Local  freight  train  service.  1914.  (In  Railway  Age  Gaz.,  v. 
56,  p.  1517.) 

Makes  statement  that  a  local  train  should  not  be  made  a  ton- 
nage train;  the  maximum  tonnage  should  be  handled  by  all  engines 
whenever  possible,  but  the  local  service  cannot  be  performed  to  the 
best  advantage  if  the  engine  is  burdened  to  the  full  rating. 
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1914-Detroit   terminal    railroad.      1914.      (In   Railway   Age   Gaz.,   v.    56, 
Terminal  line  serving  industrial  plants  around  the  city  of  Detroit. 
^"Sd^ng-of  loeal  or  way-freight  trains.     1914.      (In  Railway 
Age  Gaz.,  v.  57,  p.  1117.) 

^"Sfiei^of  the  freight  terminals  of  a  large  city.     1914.     (In 
Proc.  Amer.  Railway  Engng.  Assoc,    v    Id,  p.  29-46.) 
Special  problems  of  the  city  of  Buffalo. 

U°%JMSi  train    loading    for   a   given    OHM*      1914.      (In 
f^ffit&SSta*9^    deVclining    train    loadtng,    tested    on 

isLLioi  sa^irtsass'i  &*  **■  ^  * 

RaiKCon,a1nEs   da",'  on tnlS  hani.   operating  ratio,   density   of 

traffic. 

19l5"GarLorcal' Sight  train.     1915.      (In   Railway   Age   Gaz.,  v.   59,   p. 

394.) 

On  short  haul  traffic. 

1916-Wood   R  O.  from  stand     int     f  effi^ent  service  and 

economy  "n  fuel  maintenance.     1916.      (In  Proc.    lravehng  Engrs. 

ASSOoA^WPon2omy30of)  running  engines  through  more  than  one 

division. 

Wy  R°aildro^avaluation  and  rates,  p.  91,  272.    1916.     Chic,  Wymond 

&  Contains  data  on  the  effect  of  distance,  curvature  and  grades 
on  operating  expenses;  also  gives  Illinois  mileage  distance  scale 
showing  that  rale  per  ton  increases  with  distance  but  not  nearh 
so  fast. 

Gla  Use' of'  tonnage  diagrams.     1917.     (In  Railway  Age  Gaz..  v.  63, 
P"      States  that  divisions  on  some  railroads  are  too  I 
l",7-GrCEcono^cal  tonnage  rating  for  way  .reign*  .rain-      .917.     (In 

*$&£&t%£*l«ft   h  *  « >■  •»  Morten 

loril  districts  ihan  to   reduce  tonnage   ratings.  . 

TSnsBortation  expenses  on  the   Katy;  analysis  made  <?i    the  rea 
)r    h,  comparatively  small  trai.iload  and  suggestions  for  ob- 
atoing  better  results.    1917.     (In  Railway  W  > 

Data  OH    Freight   train   performance,  length  hi    bmil,   etc. 

Wil^:n1'V,1,a<«iralilluM,a.i,n.      1917       (I«    *****     * 

63,  p.  347.)  ,.  .  , 

on  train  loading  at  division  yard 

n1  ,,■   S(  arch 

!       E     S.    In-) 

Books  in  the   Librarj   62S  B  35   F;  6     i 

ni     |8      \l    123   D;  656    In  81  .  IBS     n 
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K  635    H;    625— W   851    P;   625— R  21    E;    Ad-411; 

385— Sa  29  A;  Ad— 375  ;  Ad— 318a;  Ae     624;  Ae— 579; 

A.     ?77;  Ae— 583;  Ac— 548;  Ac-  550;    V     549;  Aa 

118;  Ae— 553;  Ac    552;  625    W  4fc 
Industrial  Arts  Index,  1913     Oct.,  1917; 
Engng.   Index-,  1610-12; 
Am.   Ry.  Eng.  Assoc.  Proc,  1910-16; 
Traveling  Engrs,  Assoc.  J 'roc,  1910-16; 
Am.  Ry.  Master  Mechanics'  Assoc,  1910-16; 
Roadmasters  &  M.  &  W.  Assoc,  1908-13. 

Economic  Standards  of  Maintenance  of  Way. 

1891— Wellington,  Arthur  M. 

Economic  theory  of  the  location  of  railways,  p.  118,  762.  Edi- 
tion 5.     N.  Y„  1891.'   Wiley. 

Contains  data  on  economics  of  maintenance  of  way  standards. 
1906— Smith,  F.  A. 

Maintenance  of  way  standards  on  American  railways  and  rules 
and  instructions  governing  roadway  departments.  1906.  N.  Y.. 
Myron  C.  Clark. 

Compilation    of    codes   and    standards    governing    trackmen    of 
American  roads  from  the  Atlantic  to  the  Pacific. 
1911— Efficiency   methods   in   the   maintenancc-of-way    department   of    the 
Erie  Railroad.     1911.     (In  Engng.  Record,  v.  64.  p.  485.) 

System  providing  close  supervision,  conduct  of  work  by  sched- 
ule and  standardization  of  detail  operations. 

1912— Beyer,  O.  S. 

Standard  practice  cards  on  the  Erie.  1912.  (In  Railway  Age 
Gaz.,  v.  32,  p.  1108.) 

Approved    methods    for    performing    different    maintenance    of 
way  operations. 
Lindsay,  C.  E. 

Efficiency  in  track  maintenance.  1912.  (In  Railway  Age  Gaz., 
v.  52,  p.  1112-1114.) 

The  elements  of  cost  in  maintenance  work;  and  graphical 
method  of   showing  costs. 

Some   roadbed  and  track  standards   of  the  B.,   R.   &  P.   Ry.     1912. 
fin   Railway  &  Engng.   Rev.,   v.   ?2,  p.   758-761.) 

Information  of  some  of  the  standard  plans,  design^  and  meth- 
ods,  pertaining   to    the    maintenance    of    way    department,    Buffalo, 
Rochester  &  Pittsburgh  Ry. 
1913- -American    Railway    Engineering   Association. 

Analysis  of  maintenance  of  way  and  structure  accounts.  1913. 
(In  Proc.  Amer.  Railway  Engng.  &  Maintenance  of  Way  Assoc, 
v.  14,  p.  580-596.) 

Report  of  Committee;  considers  main  tracks  and  side  tracks. 
Lewis,  E.  R. 

Cost  and  how  to  count  it.  1913.  (In  Railway  Age  Gaz.,  v.  54, 
p.  1082.) 

Percentages  of  labor  expended  on  maintenance  units  in  terms 
of  one  mile  of  main  track. 
1915— Powers,  J.  W. 

Economy  in  track  work  and  its  relation  to  rolling  stock.  1015. 
(  In  Railway  Age  Gaz.,  v.  58,  p.  479.) 

On  the  necessity  of  raising  the  standard  of  track  maintenance, 
commensurate  with  the  demands  made  upon  them  with  the  increase 
in  train  load 


ECONOMICS  OF  RAILWAY  OPERATION.  293 

1916 — American  Railway  Engineering  Association. 

Report  of  Committee  on  Economics  of  Track  Labor.  1916. 
(In  Proc.  Amer.  Railway  Engng.  Assoc,  v.  17,  p.  370.) 

A  chart  outlining  a  suggested  method  of  analyzing  the  results 
of  track  sections ;  enabling  a  relationship  to  be  established  between 
units  of  labor  performed  and  physical  characteristics. 
Cost  of  spur  tracks.     1916.     (In  Coal  Age,  v.  9,  p.  999.) 

Recent  costs  for  various  lengths  of  track,  according  to  Massa- 
chusetts practice. 
Cram,  R.  C. 

Units  for  comparing  costs  for  track  upkeep.  (Letter)  1916. 
(In  Electric  Railway  Jour.,  v.  48,  p.  363.) 

A  criticism  of  an  editorial  on  this  subject. 
Grills,  A. 

Equating  track  values.  1916.  (In  Railway  Age  Gaz.,  v.  61, 
p.  515.) 

A  study  to  determine  how  the  proper  standard  of  maintenance 
may  best  be  obtained. 
Mitchell,  L.  A. 

Unit  for  comparing  track  upkeep  costs.  (Letter)  1916.  (In 
Electric  Railway  Jour.,  v.  48,  p.  403.) 

A  criticism  of  an  editorial  on  this  subject. 
Stimson,  Earl. 

System  for  standardizing  maintenance  of  way  work.  1916.  (In 
Proc.  Amer.  Railway  Engng.  Assoc,  v.  17,  p.  247-263.) 

Describes  methods  of  the  Baltimore  &  Ohio  Railroad. 
Units   for  comparing  track  upkeep   costs.      (Editorial)    1916.       In 
Electric  Railway  Jour.,  v.  48,  p.  301.) 

Track  maintenance  cost  may  be  grouped  roughly  into  three 
classes,  legal  or  community  requirements;  destructive  forces  of 
nature  and  of  vehicular  traffic;  and  destructive  forces  which  orig- 
inate in  the  conduct  of  transportation. 

Units  of  Operating    Expenses  for  Railroads. 

Note: — Entries   marked    "+"    refer   to    publications   that   arc    not   in    the 

Library  and  have  not  been  examined. 
1891— Wellington,  Arthur  M. 

Economic  theory  of  the  location  of  railways,  p.  106,  560.  Edi- 
tion 5.    N.  Y.,  1891.    Wiley. 

The  general  nature  of  the  causes  which  modify  operating  ex 
penses  and  especially  the  effect  thereon  of  differences  of  alignment 
1907— Stills  II,  Lewis  B.,  and  Ei  St.  C.  Putnam. 

On  the  substitution  of  the  electric  motor  for  the  steam  loco 
motive.  1()07.  (In  Trans.  Am.  Inst,  of  Mir  EngTS.,  V.  2(>,  pt.  1,  p 
49.) 

Gives  table  of  expense   for  maintenance  of  way  and  structure-; 

maintenance  of  equipment;  conducting  transportation;  and  general 
expenses;  in  tins  way  showing  classification  of  accounts. 
1908    Raymond,  William  (I. 

Elements  of  railroad  engineering,  p.  208     1908     X.  Y.,  Wile) 

Gives  classification  of  operating  expenses. 
1910    Cunningham,  W.  M. 

Economics  of  railroad  maintenance  of  way  l'Mit  (lour.  ^>\ 
Accountancy,    March.)  + 

Gives  an  outline  of  railway  maintenance,  with  tables  showing 
relative  cost,  explaining  the  policy  of  bettei   roads 
Interstate  Commerci    Commission's  own  investigation  of  the  costs 
of  railway  operation,    1910,     (In  Railwa)    Kgc  Gaz.,  \    49,  p   1108  ) 

Ratio  of  operating  cost-,  on  several  railroads. 
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1911— Morrison,  C.  J. 

Maintenance  of  equipment  costs.  1911.  (In  Railway  Age  Gaz., 
v.  50,  p.  1303-1308.) 

Illustrated  with  diagrams. 
Some  studies   in   railway  operating  ratios.     1911.      (In  Railway  & 
Engng.  Rev.,  v.  51,  p.  107,  129,  151,  171,  193,  215,  249,  285,  307,  327, 
349,  369,  433,  455,  669,  870.) 

Includes  analysis  of   relation  of  maintenance  accounts  to  ex- 
pense of  conducting  transportation. 
Wood,  B.  F. 

Electrical  operation  of  the  West  Jersey  &  Seashore  Railroad. 
1911.     (In  Trans.  Am.  Inst.  Elec.  Engr,  y.  30,  pt.  2,  p.  1382.) 

Cost  of  operation,  showing  main  subdivisions. 
1912 — Cleveland,  Frederick  A.,  and  F.  W.  Powell. 

Railroad  finance,  p.  195-212.     1912.     N.  Y.,  Appleton. 

On  classification  of  operating  accounts,   freight  and  passenger 
statistics,  etc. 
Passage,  C.  D. 

Cost  accounting  in  the  engineering  department.  1912.  (In 
Railway  Age  Gaz.,  v.  53,  p.  578-581.) 

Complete   and   convenient   system    developed  on   the   Northern 
Pacific  for  construction  and  maintenance  work. 
Ripley,  William  Z. 

Railroads,  rates  and  regulations,  p.  49-70.  1912.  N.  Y.,  Long- 
mans. 

Contains  data  on  the  relative  importance  of  the  principal  items 
under  railroad  expenditures. 
Strombeck,  J.  F. 

Freight  classification,  a  study  of  underlying  principles,  p.  11-13, 
124-125.     1912.     N.  Y.,  Houghton. 

Contains  analysis  of  railroad  expenditures. 
Webb,  Walter  Loring. 

Economics  of  railroad  construction,  p.  89.  Edition  2.  1912. 
N.  Y,  Wiley. 

Classification  of  operating  expenses,  unit  costs  and  analysis  of 
cost. 
1913— Beyer,  O  S.,  Jr. 

Factors  in  the  selection  of  locomotives  in  relation  to  the  eco- 
nomics of  railway  operation.  1913.  (In  Jour.  Amer.  Soc.  Mcch. 
Engrs.,  v.  35,  p.  19.) 

Relation  of  operating  expenses  to  the  selection  of  motive  power. 
Division  of  operating  expenses.  1913.  (In  Railway  &  Engng.  Rev., 
v.  53,  p.  345.) 

Shows  unit  costs  of  operation. 
Eaton,  I.  Shirley. 

Handbook  of  railroad  expenses.     1913.     N.  Y.,  McGraw. 

An  attempt  to  set  out  in  analytical  exhibits  the  complex  process 
of  railroad  operation  accounting;  the  statistical  tables  in  their  order 
and  relation  giving  the  whole  philosophy  of  operation  accounts. 
Hcckman,  A.  V. 

Forms  for  locomotive  operation  and  cost.  1913.  (In  Railway 
Age  Gaz.,  Mech.  Edition,  v.  87,  p.  124.) 

Comprehensive  office  records  to  show  the  value  of  a  locomotive 
from  the  standpoint  of  service  or  efficiency. 

Locomotive  maintenance  costs,  records  of  1902,  1912  and  1913  com- 
pared.    1914.      (In  Railway  Rev.,  v.  54,  p.  371.) 

Gives  average  tractive  power  in  tons  and  average  number  of 
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tons  revenue  freight  per  train  load  on  thirty-three  representative 
railroad  systems. 

Railroad  cost  and  efficiency.  1913.  (In  Railway  Age  Gaz.,  v.  55, 
p.  58.) 

On  ratio  of  costs  between  passenger  and  freight  service. 
Sakolski,  A.  M. 

American  railroad  economics,  p.  195.     1913.     N.  Y.,  Macmillan. 

On  principles  of  units  of  operating  expenses. 
1914— Bowser,  J.  T. 

Comparison  of  maintenance  of  way  costs  on  a  mileage  basis. 
1914.     (In  Railway  Age  Gaz.,  v.  57,  p.  337.) 

Brief  general  statement. 
Division  of   freight  and  passenger  expenses.     1914.      (In  Railway 
Age  Gaz.,  v.  57,  p.  153.) 

New  and  old  formulas  contrasted  and  the  newest  formula  ap- 
plied to  the  1914  classification  of  expenses. 

Increase  in  maintenance  of  way  expenses  on  the  P.  R.  R.  1914. 
(In  Railway  Rev.,  v.  54,  p.  573.) 

Shows  units  of  maintenance  expense. 
Maintenance  of  equipment  expense,  Pennsylvania  R.  R.     1914.     (In 
Railway  Rev.,  v.  54,  p.  570.) 

An  analysis  of  the  various  causes  leading  to  the  increased  cost 
of  maintenance  is  given. 

One  road's  answers  to  the  Commission's  questions  42  to  45;  the 
Pittsburgh  &  Lake  Erie  describes  economies  resulting  from  large 
capacity  cars  and  heavy  locomotives,  1914.  (In  Railway  Age  Gaz., 
v.  56,  p.  1073.) 

Contains  table  demonstrating  locomotive's  part  in  reducing 
cost  of  train  operation.  Table  based  on  cost  of  1,000,000  "loaded 
ton  miles." 

Text  of  Commission's  accounting  order  in  re  separation  of  operat- 
ing expenses.     1914.     (In  Railway  Age  Gaz.,  v.  57,  p.  206.) 

On  the  proposal  that  the  railroads  should  report  separately  the 
greater  portion   of   their    freight   and   passenger   expenses,   certain 
common  expenses  being  left  unapportioned. 
Hooper,  William  E. 

Railroad  accounting,  p.  147-206.     1915.     N.  Y.,  Appleton. 

On  traffic  and  transportation  expenses,  classification  of  accounts. 
1915 — Railroad's    maintenance    expenses    allocated    between    freight    and 
passenger  service.     1915.     (In  Engng.  Rec,  v.  72,  p.  226-229.) 

Percentages   used,   and   reasons   therefore  in   rate  case  studies 
made  by  William  T.  Wilgus  for  the  Ulster  &  Delaware  Railroad. 
Hutchins,  F.  Lincoln, 

Efficient  railroad  records.  1916.  (In  Railway  Rev.,  v.  58,  p. 
409.) 

On  linc-of-road  units. 
1916    I  aBach,  Paul  M. 

Is  lln    ton  mile  the  proper  basis   for  allocating  railroad  opcrat 
ing  costs?     !')](,      (  |n  Engng,  Record,  v.  73,  p.  639.) 

tions  whether  maximum  loads  are  not  more  pertinent  than 
total  tonnages,  and  should  not  more  weight  It  given  to  deteriora- 
tion independent  "i  Ira 

Record  ol  ten  years]  Tractive,  power;  train  loads;  car  capacity; 
carload  and  ton  mile  cost  of  locomotive  maintenance;  freight  car 
maintenance;  and  fuel.    1916,     (In  Railway  Ki  \  .  v     s.  p   320-327.) 

Figures  taken   from   records  of  railways  filed  with  the  Intel 

lie   ( 'ommen  (     <  ".  uninission. 
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Rockwood,  John  A. 

Proper  basis  for  allocation  of  maintenance  expenses.  1916. 
(In  Engng.  Record,  v.  74,  p.  55.) 

Discussion  of   Paul   M.   La   Bach's  article  on  analysis  ctf   rail- 
road operating  expenses. 
SakolskL  A.  M. 

Railroad  operating  expenses   and  property    values.    1916.      (In 
Jour,  of  Accountancy,  v.  22,  p.   101.)  + 
Wymond,  Mark. 

Railroad  valuation  and  rates,  p.  217,  218.  1916.  Chic,  Wymond 
&  Clark. 

Contains  summary,  showing  classification  of  operating  expenses 
and    also    discusses    apportionment    of    expense    between    various 
classes  of  traffic. 
1917 — Comparisons  of  monthly  operating  expenses.      (Letter)    1917.     (In 
Railway  Age  Gaz.,  v.  62,  p.  215.) 

On  the  monthly  analysis  of  transportation   expenses  by   divi- 
sions. 
Hopkins,  J.  H. 

Monthly  analysis  of  operating  expenses.  1917.  (In  Railwav  Age 
Gaz,  v.  62,  p.  21.) 

A  plan  formulated  for  measuring  division  expenses  on  the  unit 
cost  basis. 
1917 — Locomotive  and  freight  car  capacities  and  loads.     1917.     (In  Rail- 
way Rev.,  v.  60,  p!  869.) 

Maintenance  costs  of  freight  cars  and  freight  locomotives  per 
ton-mile ;    cost   of    fuel    for   freight   locomotives   per   ton-mile,    for 
•fiscal  year  1916. 
System  of  auditing  on  the  Boston  &  Maine.     1917.      (In  Railway 
Age  Gaz,  v.  63,  p.  502.) 

Waybills  or  copies  of  waybills  are  forwarded  daily  by  the  sta- 
tion freight  agents  to  the  office  of  auditor  freight  receipts;  the 
data  on  waybills  is  perforated  on  cards  by  punching  machine,  the 
cards  form  basis  of  subsequent  operations  performed  automatically 
on  sorting  machines  and  tabulator  printers. 

Economics   of   Locomotive    Firing. 

1904 — Fuel  tests  on  the  Furness  Railroad,  England.     1904.     (In  Railroad 
Gaz,  v.  36,  p.  156.) 

Determination  of  fuel  value  for  locomotives,  of  several  grades 
of  coal. 
1909— Wright,  S.  D. 

Fuel  economy.  1909.  (In  Proc.  Traveling  Engrs.  Assoc,  v.  17, 
p.  41-107.) 

Design  of  locomotives,  etc,  in  relation  to  fuel  economy. 
191D— Benjamin,  C.  H,  and  Louis  E.  Endsley. 

Locomotive  performance  under  different  degrees  of  super- 
heated steam.  1910.  (In  Proc.  Amcr.  Railwav  Master  Mechanics' 
Assoc,  v.  43,  p.  208.) 

Gives  coal  consumption  under  different  pressures  and  with 
superheaters. 

Fuel  economy   on  testing  plants   and   railwav-.     1910.      (In   Ry.   & 
Eng.  Rev,  v.  50,  p.  171.) 

Abstract  of  paper  read  before  the  Western  Railwav  Club. 
Hayes,  W.  C. 

Education  as  an  essential  of  fuel  economy.  1910.  (In  Proc. 
Amcr.  Ry.  Master  Mech.  Assoc,  v.  43,  p.  93-111.) 

On  selection  of  candidates  and  educational  plan,  before  and 
after  employment  of  firemen. 
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1910— Traveling  Engineers'  Association. 

Fuel  economy.     1910.     (In  Proc.  Traveling  Engrs.  Assoc,  v.  18, 

P'      Report  of  a  committee ;  discusses  the  design  of  the  locomotive ; 
firing  practice,  and  quality  of  coal  used. 
1911-Fuel  economy  on  the  Chicago  and  Alton.     1911.     (In  Railway  Age 
Gaz.,  v.  50,  p.  1414.)  .  .,.,  . 

Principal    dimensions   and    fuel    consumption    of    Mikado   loco- 
motives. 
Kinyon,  .  , 

Latest  developments  and  improvements  in  automatic  stokers. 
1911       (In  Traveling  Engrs.  Assoc,  v.  19,  p.  205-288.) 

Describes  the  Crawford,   Hanna  and   Street  automatic  stokers 
and  discusses  the   economy  of  using  mechanical   stokers. 
Practical  demonstration  in  fuel  economy.     1911.     (In  Railway  Age 
Gaz.,  v.  51,  p.  175.)  ,  ,ft  ., 

The  total  amount  of  coal  used  was  only  15  tons  and   /U  ids., 
whereas  the  usual   amount  of   coal   used  on   this  same   run  vanes 
from  25  to  30  tons. 
Randolph,   V.   C.  ,T 

Value  of  practical  instruction  on  fuel  economy.  1V11.  un 
Proc.  Traveling  Engrs.   Assoc,   v.   19.   p.   77-123.) 

Describes  method  irsed  on   the  Erie  Railroad. 
Traveling   Engineers'    Association. 

Benefits  derived  from  the  use  of  the  brick  arch.  1911.  Un 
Proc.  Traveling  Engineers'  Assoc,  v.  19,  .p.  378-412.) 

Makes  the  statement  that  the  brick  arch  saves  coal  because  ot 
the   better    combustion    and   because   of    the   baffling    and    retaining 
effect   on   the   gases   and   on   the   light   fine   and   combustible,   winch 
would  go  through  flues  as  partly  consumed  coal  or  sparks. 
Traveling  Engineers'    Association. 

Increased  efficiency  of  locomotives  and  benefits  derived  from 
chemically  treated  waters.  1911.  (In  Proc  Traveling  Engrs. 
Assoc,   v.   19,  p.  316-342.) 

Report  of  a  committee. 

1912— Buell,  D.  C.  ,AM     '        „     f' 

Proper  method  of  firing  locomotives.  ll)12.  (In  Proc.  Inter 
national  Rv.   Fuel  Assoc,  v.  4,  p.  93-140.) 

On  firing  with   coal   and   with  oil ;  illustrated. 
Collett,  Robert. 

How  can  the  traveling  engineer  get   engineers  and  firemen  in- 
terested in  the  economical  use  of  fuel  and  lubricants,  maintain  thai 
interest,  and   the  effect   of  lubricating  methods  on   fuel   economj 
1912.     (In  Proc  Traveling  Engrs.    Assoc:,  v.  20,  p.  298-3 

Recommends  making  test  trips  and  shows  actual  records. 
Collett,  Robert  ■ 

Standard  locomotive  fuel  performance  sheet.  191Z.  (in  rro< 
International  Ry.  Fuel    ^ssoc,  v.  4,  p.  42-65.)  -   -    , 

System  of  accounting  for  showing  exact  amount  oi  fuel  used 
by  each  engine  or  crew  for  a  giver)  period  of  time. 

nomical  oil-burning  on  locomotives  (Editorial.)  1912.  (In 
Railway    v.'.-  ( "■•>/ .  v.  52,  p.  188.) 

On  the  advantages  of  using  oil  tor  locomojtw 

Goss,  W.  F.  M.  .,,,,,,         i 

puel  as  .i  factor  in  locomotive  capacitj      191Z.     (in  rroc    in 

ternational  R)    Fuel    Vssoi  ,  \     1,  P     !3  41  I 

Qn  i,  locomotive  capacity,  bj   better  adaptation  oi  fuel 

to  the  needs  of  lo<  orootiVe  set 
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1912— Lloyd,  T.  S. 

Use  of  anthracite  coal  for  locomotive  fuel.  1912.  (In  Proc. 
International  Ry.  Fuel  Assoc,  v.  4,  p.  66-92.) 

On  the  advantages  and  disadvantages  of  using  anthracite   for 
locomotives. 
MacFarland.  H.  B. 

Locomotive  drafting  and  its  relation  to  fuel  consumption.  1912. 
(In  Proc.  International  Ry.  Fuel  Assoc,  v.  4,  p.  143-260.) 

Gives  results  of  tests. 
Traveling  Engineers'  Association. 

Fuel  economy ;  what  relation  do  mechanical  appliances,  such 
as  locomotive  superheaters,  mechanical  stokers,  brick  arches  and 
the  handling  of  trains,  have  on  the  subject?  1912.  (In  Proc. 
Traveling  Fngrs.  Assoc,  v.  20,  p.  88.)  . 

Report  of  a  committee. 
Traveling  Engineers'  Association. 

Increased  efficiency  of  locomotives  and  benefits  derived  from 
chemically  treated  water.  1912.  (In  Proc.  Traveling  Engrs. 
Assoc,  v.  20,  p.  48-57.) 

Report  of  a  committee. 
1913 — American    Railway   Masters    Mechanics'   Association. 

Report  of  standing  committee  on  mechanical  stokers.  1913 
(In  Proc  Am.  Ry.  Master  Mech.  Assoc,  v.  46,  p.  68-98.) 

Considers  fuel  economy  and  increased  capacity  of  locomotives 
from  use  of  mechanical  stokers. 
Anthony,  J.  T. 

Combustion  in  locomotive  practice.  1913.  (In  Ry.  Age  Gaz., 
v.   54,  p.   1220.) 

The  prohlem  of  increasing  boiler  efficiency. 
Benjamin,  C.  H.,  and  L.  E.  Endsley. 

Tests  of  superheater  locomotives.  1913.  (In  Proc.  Amer.  Ry 
Master  Mechanics'  Assoc,  v.  46,  p.  414.) 

Contains    data   showing  increase  of   power   of  the  superheater 
locomotive    over    the    original    locomotive    when    using    the    same 
amount  of  coal. 
Buell,  D.  C. 

Are  you  watching  the  coal  pile?  1913.  (In  Ry.  Age  Gaz., 
v.  55,  p.  221.) 

A  series  of  questions  and   suggestions  emphasizing  the  neces- 
sity of  giving  detail  attention  to  the  fuel  problem. 
Collett,  R. 

Locomotive  fuel  economy.  1913.  (In  Rv.  &  Engng.  Rev., 
v.  53,  p.  537.) 

Considers    waste    of    fuel,    giving    various    reasons    and    gives 
tests  with  locomotives  using  coal  and  oil. 
Collett,  Robert. 

Locomotive  fuel  economy  <>n  the  Prison.  1913.  (In  Rv.  Age 
Gaz..  v.  55,  p.  874.) 

Analyzes  waste  of  fuel,  and  shows  saving  accomplished  on  the 
Frisco  during  three  years. 

Credit  due  to  operating  department  for  power  utilization  and  train 
movement  that  reduces  consumption  of  fuel  per  ton  mile.  1913. 
(In  Ry.  &  Engng.  Rev.,  v.  53,  p.  782,  785.) 

From  paper  read  before  Traveling  Fngrs.  Assoc. 

Same :    Ry.  Age  Gaz.,  Mech.  Ed.,  v.  87,  p.  469. 
Flagg,  Samuel  B. 

Sub-bituminous  and  lignitic  coal  as  locomotive  fuel.  1913. 
(In  Proc.  International  Ry.  Fuel  Assoc,  v.  5,  p.  43-69.) 
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1913 — Methods  which  have  been  and  are  employed  to  utilize  low  grade 
fuel,  in  order  to  reduce  cost  of  operation. 

Abstracts.    Engng.  News,  v.  69,  p.  1234;  Ry.  Rev.,  v.  53,  p.  530- 
531;  Ry.  Age  Gaz.,  v.  54,  p.  1178. 
Fuel.     (Editorial.)     1913.     (In  Ry.  &  Engng.  Rev.,  v.  53,  p.  484.) 

On   getting  the   value   of    fuel   in   work   performed,   advocates 
mechanical  stokers   for  locomotives ;  very  brief. 
Fuel    record   of   ten   years,    the    reward   of    good    management    de- 
feated   by    rising    costs    and    stationary    rates.      1913.      (In    Ry.    & 
Engng.  Rev.,  v.  53,  p.  532.) 

■Graphic  representation  of  fuel  cost  to  move  100  tons  one  hun- 
dred   miles,    in    1902   and    1912   and   comparison    on    basis    of    fuel 
prices  in  1902.     Average  on  29  and  on  8  railroads. 
Gee  locomotive  stoker.     1913.     (In  Ry.  Age  Gaz.,  v.  54,  p.  486.) 

Describes  stoker,  developed  and  patented  by  N.  E.  Gee  of  the 
mechanical   engineers'   office   of   the   Pennsylvania   Railroad   at   Al- 
toona,  Pa. 
Hooper,  William  E. 

Studies  of  operation— the  B.  R.  &  P.  1913.  (In  Ry.  Age  Gaz., 
v.  54,  p.  663.) 

A  comparison  of  unit  costs  of  operation. 
International  Railway  Fuel  Association. 

Report  of  Committee  on  firing  practice.  1913.  (In  Proc.  In- 
ternational Ry.  Fuel  Assoc,  v.  5,  p.  118-171.) 

Discussion   includes  econorrfy  in  locomotive  firing. 
Landon,   W.   B. 

Fuel  economy  on  a  trunk  line  railroad.  1913.  (In  Ry.  & 
Engng.  Rev.,  v.  53,  p.  54-57.) 

Methods  of  saving  coal  by  purchasing  from  mines  nearest 
coaling  station;  by  choice  of  loading  equipment;  by  the  kind  of 
coal  used. 

Mechanical  stokers  from  operating  standpoint.     1913.     (In  Ry.  Age 
Gaz.,  v.  54,  p.  1309.) 

Heavy    trains    are    being    successfully    operated    on    four    large 
roads  by  locomotives  equipped  with  these  machines. 
"On    the   firing   line:"    mechanical    stoking    of    locomotives.      (Edi- 
torial.)    1913.     (In  Ry.  &  Engng.  Rev.,  v.  53,  p.  147.) 

On    reducing  the   ton-mile   cost   of   moving   freight   by   getting 
the  highest  value  of  the  fuel  consumed. 
Parish,  Le  Grand. 

Advantages  obtained  with  the  brick  arch  in  locomotive  service. 
1913.     (In  Proc.  Traveling  Engrs.  Assoc,  v.  21,  p.  178-223.) 

States  that  the  cost  of  the  arch  is  overshadowed  by  fuel  saving 
and  the  maintenance  cost  can  be  kept  very  low  with  proper  super- 
vision. 
Roberts,   Clarence,   and    Russell   M.    Smith. 

Practical  locomotive  operation,  p.  22,  83,  181.  1913.  Phila., 
Lippincott. 

Tables  of   composition,   heat   values   and   weights   of   fuels;   and 
its  combustion;   also     tram   and  coal  consumption  under  differeni 
pressures  of  superheated  and  saturated  steam:  and  pbuti 
per   dynamometer    hbrsepoweT-hour    for   slow   and    fast    passengei 

and    freight    locomotive 

Results  of  comparative  firebox  tests;  summary  <>f  the  report  of 
those  recently  conducted  at  Coatesville,  Fa.,  with  a  brief  reference 
to  methods  employed.    1913.     (In  Ry.  Age  Gat.,  v    s.j   p   251.) 
'  Jive    data  oa  fuel  economy. 
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1013— Shurtlcff,  A.  K. 

Locomotive    fuel    consumption    and   the    speed    diagram.      1913. 
(In  Proc.  Amer.  Ry.  Engrig.  Assoc,  v.  14,  pt.  2,  p.  3-20.) 

Gives  results  of  tests. 
Standard  locomotive  stoker.     1913.     (In  Ry.  Age  Gaz.,  v.  55,  p.  647.) 

Absence   of  apparatus   in   the   cab  and   noiseless   operation   are 
prominent   features  of  this  new  locomotive  stoker. 
Tollerton,  W.  J. 

Fuel  economy  on  the  Rock  Island.     1913.      (In  Rv.   Age  Gaz., 
v.  54.  p.  103.) 

On  the   Rock   Island   Lines   the   system   adopted   is  educational, 
showing   the    enginemen    the    proper    method    of    handling   a   loco- 
motive 
Wells,  M.  E. 

Fuel  economy  by  the  engine  crew.     1913.      (  In  Rv.  Age.  Gaz., 
v.  55,  p.  563.) 

Brief  discussion  on  economical  cut-off;  heavy  slug  firing  versus 
light   careful   firing;   overloading  tanks   at  coal   tipples. 
Wood,  Walter  D. 

Powdered    fuel    for   locomotives.      1913.      (In    Rv.    Rev.,    v.    55, 
p.  13.) 

Coal  in  powdered  form  has  replaced  oil  fuel  in  cement  mills, 
proving  cheaper ;  also  besides  being  from  one-third  to  one-half 
cheaper  than  burning  coal  in  the  regular  form,  it  is  absolutely 
smokeless.  Both  of  these  things  recommend  it  at  once  for  use  on 
locomotives. 
Woodbridge,  H.  C. 

Fuel  economy  on  the  Buffalo,   Rochester  &  Pittsburgh.     1913. 
(In  Ry.  Age  Gaz.,  v.  54,   p.  297.) 

Describes  economies  effected  by  the  use  of  a  specially  designed 
locomotive   draft   regulating   damper. 
1914 — Abating   smoke    and   increasing   efficiencv    with    hand    firing.      1914. 
(Tn   Ry.  Age  Gaz.,  v.  88.  p.  458.) 

Rules  to  increase  efficiency  of  hand   firing. 
American   Railway   Master   Mechanics'   Association. 

Report    of    Committee    on    Fuel    Economy.      1914.      (In    Proc. 
Amer.  Ry.  Master  Mech.  Assoc,  v.  47,  pt.  1,  p.  323-342.) 

Digest  of  answers  to  questions  sent  out  to  railroads. 
Boiler  design   in   respect   to   heating  surface.     1914.      (In   Ry.  Age 
Gaz.,  v.  57,  p.  1079.) 

On  fuel  economy  in  its  relation  to  boiler  design. 
Coddington,  W.  H. 

Locomotive  road   t<  -   hmidt  superheater   and  brick  arch, 

conducted  bv  the   Norfolk  &  Western  Railway.     1914.      (In  Proc. 
Amer.  Ry.  Master  Mech.  Assoc,  v.  47,  pt.  1.  p.  342-388.) 

On   locomotive  efficiency  and   fuel  used. 
Economical  locomotive  performance  on  the  Frisco.     1914.     (In  Rv. 
Age  Gaz.,  v.  56,  p.  1018.) 

Almost  a  million  dollars  has  been  saved  in  the  fuel  bill,  during 
three  years,  bv  careful  supervision. 
Foltz,  F.  W. 

Economies    in    round    house    and    terminal    fuel    consumption. 
1914.     (In  Proc.  International  Ry.   Fuel  Assoc,  v.  6,  p.  281-296.) 

The  discussion  gives  results  of  tests. 

Abstract.     (In  Ry.  Age  Gaz.,  Mech.  Ed.,  v.  88,  p.  3f 
Fuel  instruction  car  on  the  Northern  Pacific     1014.     (In   Rv     Vg< 
Gaz.,  v.  56,  p.  976.) 

For   three   years   the   Northern   Pacific   has   Been    giving   special 
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attention  to  fuel  economy,  with  the  result  that  the  cost  of  fuel  per 
gross  ton  mile  has  been  greatly  reduced. 

Improved  Hanna  locomotive  stoker.     1914.     (In  Ry.  Age  Gaz.,  v.  56, 
p.  792.) 

A  Hanna  stoker  of  this  type  is  in  operation  on  a  12-whcel  loco- 
motive on  the   Norfolk  &  Western  Railway  and  preliminary  runs 
are  reported  as  being  very  successful. 
1914 — International  Railway  Fuel  Association. 

Report  of  Committee  on  firing  practice.  1914.  (In  Proc.  In- 
ternational Railway  Fuel  Assoc,  v.  6,  p.   185-228.) 

Includes  a  discussion  on  methods  of  firing  locomotives. 

Improving  the  locomotive  fuel  record.  1914.  (In  Railway 
Rev.,  v.  54,  p.  203.) 

The  cost  of  fuel  in  1912  and  1913  was  about  the  same,  but 
the  improvement  in  results  continued.  The  expense  per  train  mile 
increased  owing  to  the  greater  train  tonnage — but  less  than  one 
per  cent.  The  expense  per  ton  mile,  however,  decreased  8.5  per 
cent.  Result  appears  in  less  ton  mile  fuel  cost. 
Kinyon,  A.   G. 

Sizing  of  coal  for  locomotive  use.  1914.  (In  Proc.  Interna- 
tional  Railway  Fuel  Assn.,  v.  6,  p.  155-165.) 

On  the  importance  of  uniform  size  of  lumps  of  coal  in  any 
given  lot  for  locomotive  use,  also  recommends  sizes  from  which 
best  results  may  be  obtained. 

Abstract.     (In  Railway  Rev.,  v.  55,  p.  9.) 
Lanier,  Monro  B. 

Pre-heating  locomotive  feed  water.  1914.  (In  Proc.  Interna- 
tional Ry.  Fuel  Assoc,  v.  6,  pp.  249-273.) 

On  saving  fuel  by  pre-heating  boiler  water ;  theoretical  dis- 
cussion and  results  of  tests. 

Abstract.     (In  Ry.  Age.  Gaz.,  v.  56,  p.  1156.) 

Locomotive  performance  on  the  Chicago  Great  Western.  1914. 
(In  Ry.  Age  Gaz.,  v.  57,  p.  796.) 

A  careful  record  was  kept  of  the  mileage,  tons  hauled,  op- 
crating  expenses  and  repair  expenses;  together  with  the  amount 
of  coal  consumed. 

Locomotive  smoke-box  cinder  as  fuel.  1914.  ( In  Power,  v. 
40,  p.  96.) 

Gives  results  of  t' 
Ludington,  C.  F. 

Uniform  methods  of  computing  fuel  consumption.  1914.  i  In 
Proc.  International  Ry.   Fuel    Vssoc,  v.  <>,  pp.  73-lOs  i 

Gives  method   of   fuel  accounting  used   on   the   Atchison,  To 

peka   &    Santa    It    Railway. 

Abstract.     I  In  R  i  .,  v.  58,  p.  1 1 30. "> 

Maintenance  of  equipment  costs,  compared  with  locomotive 
fuel  costs  for  fiscal  year   1913.     I'M  I       (In    Ry.   Rev.,   v.   54.  p.   169.) 

Statistics  for  thirty-three  representative  railroads;  Oil  eleven 
01    these    roads    it    COSl    more    to    maintain    the    locomotives    than    for 

all  the  fuel  thej   burned,  and  the  avei  was  16.67 

( )n  the  othet    r<  i ad     I  1  \6  I  ms. 
Plant,  I 

Individual   fuel  record  and   fuel  economy,   l'M-4.     (In  K 

v.  56,  p 
Outline   of    a    method    developed    on    a    southwestern    railwa> 
i.  in  w lii  i e  oil  in'  I  v.  ■  -  largely   used. 
Progrcj    of  tin  loi  omol  :      In  Ry.  R<  v.,  \ 

Ref(  ret  !  one   ol    the 
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greatest  of  labor-saving  devices,  identified  with  railway  operation. 
Scott,  J.  R. 

Operation  of  all  locomotives  with  a  view  of  obtaining  maximum 
efficiency  at  lowest  cost.  1914.  (In  Proc.  Traveling  Engrs.  Assoc, 
v.  22,  p.' 228.) 

Includes    handling  and   firing   of    locomotives    with   a   view    of 
obtaining  maximum  efficiency. 
Street,  Clement  F. 

Mechanical  stokers  for  locomotives.  1914.  (In  Railway  Age 
Gaz.,  v.  57,  p.  739.) 

Essential   features  to  be  considered  in  designing  machines   for 
this  work ;  increase  in  tonnage  obtainable- 
Same.    Locomotive  Stoker.     1914.     (In  Rv.  Rev.,  v.  55,  p.  545.) 
Willsie,  A.  X. 

Fuel  economy  on  the  Chicago,  Burlington  &  Quincy.  1914. 
(In  Ry.  Age  Gaz.,  v.  57,  p.  325.) 

On  saving  coal  by  proper  firing   up   of  locomotives,   on  over- 
loading tanks,  and  on  coal  records. 
1915 — American  Railway  Engng.  Association. 

Manual,  p.   521-538.     Chic,   1915.     Am.   Ry.  Engng.  Assoc. 

Standards  adopted  for  tractive  power  of  locomotives,  average 
evaporation  in  locomotive  boilers,  locomotive  resistance,  etc. 
American   Railway  Master  Mechanics'  Association. 

Report  of  Committee  on  Fuel  Economy.  1915.  (In  Proc.  Am. 
Ry.  Master  Mcch.  Assoc,  v.  48,  p.  262-297.) 

Design  of  locomotives,  operation  of  superheater  and  instruc- 
tions for  firemen  in  relation  to   fuel  economy. 

Abstract.     (In  Ry.  Rev.,  v.  57,  p.  181.) 
American  Railway  Master  Mechanics'  Association. 

Report  of  Committee  on  Locomotive  Stokers.  1915.  (In  Proc. 
Am.  Ry.  Master  Mech.  Assoc,  v.  48.  p.  31-57.) 

On  relation  of  fuel  economy  to  the  use  of  mechanical  stokers. 
Ballantine,  N.  D. 

Value  of  a  freight  locomotive  from  transportation  standpoint. 
1915.     (In  Railway  Rev.,  v.  56,  p.  596.) 

An  analysis  of  operation  costs. 

Same.     Real  value  of  a  freight  locomotive.     1915.     (In  Ry.  Age 
Gaz.,  v.  58,  p.  885.) 
Bartholomew,  W.  S. 

Mechanical  stoking  of  locomotives.  1915.  (In  Jour.  Franklin 
Inst.,  y.  180,  p.  253-310.) 

History  and  description  of  mechanical  stokers  and  the  econom- 
ical results  of  their  use  on  locomotives 
Bean,  G.  M. 

Fuel  oil  for  locomotive  use.  1915.  (In  Proc  International 
Ry.  Fuel  Assoc,  v.  7,  p.  213-231.) 

Discusses  advantages  and  disadvantages,  extravagances  and 
economies  of  the  use  of  fuel  oil. 

Abstracts.  Ry.  Age  Gaz.,  v.  58,  p.  1115:  Power,  v.  41,  p.  900; 
Railway  Rev.,  v.  56,  p.  572.) 

Efforts   at   fuel    economy,    Rock    Island    lines.     1915.     (In    Railway 
Rev.,  v.  57,  p.  354.) 

Makes  the  statement,  that  a  number  of  tests  indicate  that  only 
45  per  cent,  of  the  fuel  consumed  by  locomotives  is  actually  utilized 
in  moving  the  train.  The  far  greater  portion  of  the  remaining 
55  per  cent,  is  wasted  by  improper  firing,  engines  standing  still 
under   steam,    repairs   not   being   made   promptly    and   other   causes. 
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1915 — Emerson,  Harrington. 

Analysis  of  dependent  sequence  as  a  guide  to  fuel  economies. 
1915.      (In  Proc.  International  Ry.  Fuel  Assoc,  v.  7,  p.  74-118.) 

Treats  of  wastes  of  coal  used  in  locomotives;  by  administra- 
tion; by  shrinkage  in  quantity  between  purchase  and  use;  due  to 
poor  design ;  to  poor  running,  to  poor  firing. 

Abstracts.     Ry.  Rev.,  v.  57,  p.  19-22 ;  Ry.  Age  Gaz.,  v.  58,  p.  1057-59. 
•    Fuel  economy   on   the   Great   Western.     1915.     (In   Ry.    Age   Gaz., 
v.  58,  p.  195-197.) 

Methods  for  saving  coal;  and  forms  for  reporting  performance 
at  fuel  stations. 
Goodwin,  G.  S. 

Value  of  a  locomotive.     1915.     (In  Ry.  Rev.,  v.  56,  p.  259.) 

On  the  Chicago  &  Northwestern  Ry.,  it  was  stated,  the  time 
required  for  cleaning  fires  at  engine  terminals  has  been  reduced 
from  an  average  of  one  and  a  quarter  hours  to  15  minutes  by  fol- 
lowing plan  of  Thos.  E.  Adams,  of  S.  L.  S.  Ry.,  of  not  shaking 
locomotive  grates. 
Hatch,  M.  C.  M. 

Factors  influencing  fuel  economy  in  locomotives.  1915.  (In 
Ry.  Age  Gaz.,  v.  58,  p.  449-451.) 

Effect  of  design,  maintenance,  handling  at  engine  house,  operat- 
ing department,  quality  of  fuel,  etc. 

Same.  Railroad  fuel  economy.  1915.  (In  Ry.  Rev.,  v.  56,  p.  506.) 
International  Railway  Fuel  Assoc. 

Report  of  Committee  on  relation  of  mechanical  stokers  to  the 
fuel  problem.  1915.  (In  Proc.  International  Ry.  Fuel  Assoc,  v.  7, 
p.  172-212.) 

The  development  of  the  mechanical  stoker,  its  use  on  locomo- 
tives, states  that  the  stoker  will  show  fuel  economy  based  on  ton- 
mile    performance. 

Abstracts.  Ry.  Rev.,  v.  56,  p.  815:  Ry.  Age  Gaz.,  v.  58,  p.  113. 
Le  Grand,  J.  G. 

Fuel  oil  installations  on  the  Grand  Trunk  Pacific  Ry.  1915. 
(  In   Ry.  Rev.,  v.  56,  p.  828.) 

Description  of  facilities  for  receiving,  storing,  distributing  and 
issuing  oil  fuel. 

Mechanical     stokers    on    American     locomotives.     1915.     (In    The 
Engineer,  v.  119,  p.  42,  60,  116,  163.) 

On   the   Baltimore  and   Ohio   Railroad,   the  locomotive   supcrin 
tendent  reported  that  the  train  loads  hauled  by  stoker-fired  engines 
were   from   5   to   10   per  cent,   greater   than   those   hauled   by  hand 
fired  engine-. 
Plant,  L.  G. 

Fuel  and  tonnage  performance  on  the  Seaboard.  1915.  (In 
Ry.  Age  Gaz.,  v.  58,  p.  405.) 

Stud)    of    records    which    show    comparative    results    for    the 

em  and  the  various  operating  divisions. 
Preston,  W.   I 

Effect  "f  properlj  designed  valve  .year  mi  locomotive  fuel  econ 
omy   and   operation,     1915.     <  In    Proc   Traveling    Enginrs,     \ 

• 

( lives  general  principles  oi  computing  the  amount  <>f  coal  used; 

and  calculations  applied   to  dime 

Pulverized   fuel   for  locomotive       I'M-      (In  R\     V  Nfech 

Ed.,  v.  89,  p.  213,  I 

•  ondUi  ted    mi  ii.l:li.  'lis   l:a\  c    pr<  >\  ed 

.satisfactory;   future  possibtlit 
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1915— Robinson,  W.  L. 

Powdered  roal.  1915.  (In  Proc.  International  Rv.  Fuel  Assoc., 
v.  7,  p.  17-73.) 

Some  of  the  advantages  of  the  use-  of  powdered  coal:  Ability 
to  operate  through  comparatively  long  periods  and  distances ;  and 
automatic  manipulation  of  fire. 

Abstracts.     (In  Rv.  Rev.,  v.  56,  p.  772-76;  Ry.  Age  Gaz.,  v.  58, 
p.  1055;  Power,  v.  41,  p.  793;  Colliery  Engr.,  v.  35,  p.  646;  Scientific 
Amer.  Suppl.,  v.  80,  p.  139.) 
Strahl, 

Saving  of  fuel  on  locomotives  by  the  use  of  feedwater  pre- 
heating.    1915.     (In  Jour,  Amer.  Soc.  Mech.  Engrs.,  v.  37,  p.  606.) 

Contains  table,  giving  data  of  tests. 
Street,  Clement  F. 

What  the  stoker  has  done  for  the  locomotive.  1915.  (In  Ry. 
Rev.,  v.  56,  p.  69.) 

Mechanical  stokers  increase  the  earning  power  of  existing  lo- 
comotives and  remove  limitation  to  size  of  locomotives  from  a  fuel 
quantity  standpoint. 

Same.     Ry.  Age  Gaz.,  y.  5$,  p.  59. 
Traveling  Engineers'  Association. 

Report  of  Committee  on  advantages  of  superheaters,  brick- 
arches  and  other  modern  appliances  on  large  locomotives,  espe- 
ciallv  those  of  the  Mallet  type.  1915.  (In  Proc.  Traveling  Engrs. 
Assoc,  v.  23,  p.  241-278.) 

Includes  curves,  showing  possibilities  of  increased  capacity 
from  superheating. 

Abstract.     (In  Ry.  Age  Gaz.,  v.  57,  p.  505.) 
Use  of  pulverized  fuel  for  locomotives.     1915.     (In  Rv.  Age  Gaz., 
v.  58,  p.    941.) 

Outline  of  results  from  tests  extending  over  a  year. 
Wallace,  Lawrence  W. 

Locomotive  coal  consumption.  1915.  (In  Rv.  Age.  Gaz., 
Mech.  Ed.,  v.  89,  p.  617-618.) 

Results  of  tests  made  by  Purdue  Universitv. 
Williams,  J.  S. 

Improved  performance  with  old-type  coaling  facilities.  1915. 
(In  Railway  Age  Gaz.,  Mech.  Ed.,  v.  89,  p.  66.) 

A  plan  has  been  put  into  effect  on  the  Chesapeake  &  Ohio  at 
Charlottesville,  Va,  whereby  the  handling  of  coal  has  been  reduced 
from  8l/2  cents  to  Sl/2  cents  per  ton. 
Wood,  Arthur  Julius. 

Principles  of  locomotive  operation  and  train  control,  p.  117, 
217.     1915.     N.  Y.,  McGraw. 

Treats    of    combustion    and    fuel    economy;    and    locomotive 
ratios,  average  horsepower  per  pound  of  saturated  steam,  etc. 
1916 — American  Railway   Master   Mechanics'   Association. 

Report  of  Committee  on  the  Use  of  Powdered  Fuel  in  Loco- 
motives. 1916.  (In  Proc.  Am.  Ry.  Master  Mech.  Assoc,  v..  49, 
p.  307-326.) 

Contains  data  on  fuel  economy  in  relation  to  the  use  of  pow- 
dered coal. 
Anthony,  J.  T. 

Fuel  economy  and  boiler  design.  1916.  (In  Ry.  Rev.,  v.  59, 
p.  653-58.) 

Review  of  details  of  heat  utilization  by  the  locomotive  boiler. 
Anthony,  J.  T. 

motive    fuel    economy    and    boiler    design.      1916.      (In    Ry. 
Age  Gaz.,  v.  61,  p.  695.) 
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States   that   larger   part  of   heat   losses  is   due   directly   to    fur- 
nace  inefficiency;    suggestions    for   improving   practice. 
1916— Corning,  C.  W. 

Powdered  coal  in  engine  service.  .  1916.  (In  Rv.  .Mech.  Engr., 
v.  90,  p.  565-568.) 

On  fuel  economy  in  relation  to  the  use  of  powdered  coal. 
Felton,  S.  M. 

Railroad  fuel  problem,  past  and  present.  1916.  (In  Ry.  Rev., 
v.  58,  p.  718.) 

On  economy  in  handling  coal  for  locomotive  fuel. 
Fuel  economy  on  the  Rock  Island.     1916.      (In  Ry.   Mech.    Engr., 

v.  90,  p.  180.)     Very  brief. 
Fuel    oil    installations    and    equipment,    Florida    East    Coast    Ry. 
1916.     (In  Ry.  Rev.,  v.  58,  p.  903.) 

Comparative  statement  of   fuel   cost   per   engine   mile,   coal  vs. 
oil,  Florida  East  Coast  Ry. 
Huston,  Harold  A. 

Locomotive  water  and  coal  consumption.  1916.  (In  Ry.  Mech. 
Engr.,  v.  90,  p.  69-71.) 

Methods    for    calculating    water    and    coal    consumption    under 
different  operating  conditions. 
International    Railway    Fuel    Association. 

Report  of  the  Committee  on  Powdered  Fuel.  1916.  (In  Rail- 
way Age  Gaz.,  v.  60,  p.  1081.) 

States  that  the   committee  is  of  the  opinion   that  the  effective- 
ness and   utility   of  the   use   of    fuel    in   powdered    form   has   been 
demonstrated   from  the  past  year's   development. 
Kinyon,  Alonzo  G. 

What  effect  does  mechanical  placing  of  fuel  in  fireboxes,  and 
lubrication  of  locomotives  have  on  cost  of  operation?  1916.  (In 
Proc.  Traveling  Engrs.  Assoc,  v.  24,  p.  65-86.) 

Treats  of   effect  of   mechanical    stoking;    firing   with    oil,    firing 
with    powdered   coal. 
Muhlfeld,  John    E. 

Pulverized  fuel  for  locomotives.  1916.  (In  Trans.  Amcr. 
Soc.  Mech..  Engrs..   v.  38,  p.   1043-1104.) 

On  the  economy  of  using  pulverized  fuel  on  locomotives 

Abstracts.      (In    Ry.    Rev.,    v.    39,    p.    852:    Rv.    Mech.    Engr.,    V 
91',  i).  11;  Railway  Age  Gaz.,  v.  61,  p.  1097.) 
Muhlfeld,    J.    E. 

Pulverized  fuel  for  locomotive  service.  1916.  (In  Ry.  Age 
Gaz.,  v.  60,  p.  340-353.) 

States    that    it    affords    a    means    of    further    increasing    steam 
locomotive  capacity. 
Muhlfeld,  .1.   !•:. 

Pulverized  fuel  for  locomotives.  1916.  (In  Ry.  Rev.,  v.  58, 
p.  299.) 

Contains   chart   showing   comparison   of   thermal    efficiency   of 

electric    and    sh  am    motive    power,    showing     percentage    Of    power 
delivered    at     the    r.iil     to     100    pel     ieM     I',.    T.    U      m    llie    QOal    and 

relative  value  of  pulverized  fuel  for  firing  steam  locomotives. 
Power  requirements  in  the  electrification  of  Chicago  rail: 
1916.     I  In  Ely.  Rev.,  v.  58,  p.  197.) 

Summary    of   train    movements   and   eo.tl   consumed   by    steam 

locomotives  in  all  el  ttbin  the  area  of  observation 

Preparation  ol    stoker  coal.     1916      (In   Ry     v  v    60,  p. 

On   the  advantage   ol    delivering   prepared   coal   to 

the    tender. 
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1916— Robinson,  W.  L. 

Effect  of  mechanical  placing  of  fuel  in  locomotive  fireboxes 
on  cost  of  operation.  1916.  (In  Proc.  Traveling  Engrs.  Assoc, 
v.  24,  p.  32-54.) 

Makes  the  statement  that  locomotives  are  operating  at  a  me- 
chanical efficiency  of  from  85  to  100  per  cent.,  hauling  trains  and 
effecting   operating   economies   not   possible   under  ^ordinary   hand- 
firing  conditions. 
Robinson,  W.  L. 

What  effect  does  the  mechanical  placing  of  fuel  in  fireboxes 
and  lubrication  of  locomotives  have  on  the  cost  of  operation. 
1916.     (In  Ry.  Rev.,  v.  59,  p.  588.) 

Claims    that    increased   tonnage    and    increased    speed    are    ob- 
tained by  firing  locomotives  with  mechanical  appliances. 
Shaw,  C.  C. 

Difficulties  accompanying  prevention  of  dense  black  smoke  and 
its  relation  to  cost  of  fuel  and  locomotive  repairs.  1916.  (In 
Proc.  Traveling  Engrs.   Assoc,  v.  23,  p.  84.) 

On  the  prevention  of  smoke  on  oil-burning  locomotives. 
Sullivan,  John  G. 

Operating  conditions  and  fuel  consumption.  1916.  (In  Bull. 
No.  187,  Amer.  Ry.  Engrs.  Assoc.) 

Gives  table  showing  pounds  of  coal  used  per  engine  mile  in 
freight  train  service. 

Abstract.     1916.      (In  Ry.  Age  Gaz.,  v.  61,  p.  363.) 
Traveling   Engineers'   Association. 

Advantages  of  superheaters,  brick  arches  and  other  modern 
appliances  on  large  locomotives,  especially  those  of  the  mallet  type. 

1916.  (In  Proc.  Traveling  Engrs.  Assoc,  v.  24,  p.  107-178.) 
Report  of  committee. 

Traveling  Engineers'  Association. 

Committee  report  on  advantages  of  mechanical  stoking.  1916. 
(In  Ry.  Age  Gaz.,  v.  61,  p.  795.) 

Claims  increased  tonnage,  increased  speed  and  saving  of  labor. 
Woodbridge,   H.   C. 

Fuel  economy.     1916.      (In  Ry.   Mech.  Engr.,  v.  90,  p.   71-72.) 

Recommends  superheating  apparatus,  brick  arches,  combustion 
chambers,    draft    regulation,    feed    water    heaters,    condensers,    re- 
heaters,    stokers;    the   selection,    preparation   and    storage    of    fuel, 
including  both  powdered  and  liquid  combustible ;  very  brief. 
Zeibcl,  A.  G. 

Weighing  coal  for  locomotive  use.  1916.  (In  Railway  Rev., 
v.  59,  p.  148.) 

Figures  showing  that  there  are   shrinkages  and  overruns  that 
are  clearly  beyond  the  control  of  the  scale  inspector  or  the  weigh- 
master. 
1917— Anthony,  J.  T. 

Effect    of    firebox   design    upon    boiler   capacity    and    economv. 

1917.  (In  Proc.  Railway  Club  of  Pittsburgh,  v.  16,  p.  87.) 
Boiler  capacity  and   efficiency  in  locomotives;  gives  results  of 

tests. 
Anthony,  J.   T. 

Firebox  volume  and  boiler  performance.  1917.  (In  Ry.  Age 
Gaz,  vol.  62,  p.  841.) 

Effect  of  increased  volume  on  combustion  and  firebox  evapora- 
tion ;    firebox  vs.  tube  heating  surfaces. 
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1917— Anthony,  J.  T. 

Locomotive  firebox  and  combustion  chamber.     1917.     (In  Jour. 
Amer.  Soc.  Mech.  Engrs.,  v.  39,  p.  764-770.) 

On   the    value    of    boiler    efficiency   in    increasing    the    hauling 
power  of  a  locomotive. 
Anthony,  J.   T. 

Locomotive   firebox  and  combustion  chamber.     1917.      (In  Ry. 
Rev.,  v.  60,  p.  307.) 

Data   is  analyzed   showing  the   very   appreciable   utility   of   the 
combustion  chamber   and   kindred   means   whereby  the  heat  of  the 
fuel  employed  may  be  utilized  to  the  greatest  possible  extent. 
Bartholomew,  W.   S. 

Mechanical  firing  of  locomotives.     1917.      (In  Ry.   Rev.,  v.  60, 
p.  14.) 

Ulustrated    by    diagrams,    showing    boiler    efficiency    and    dyna- 
mometer  horsepower    at   different   rates   of    firing;    evaporation   at 
different   rates   of  combustion,    and   increase   of   earning   power   of 
locomotive  as  it  is  worked  harder. 
Bearce,  VV.  D. 

Conservation    of    fuel    by    railway    electrification.      1917.       (In 
Railway  Rev.,  v.  61,  p.  664.) 

Table   showing   power   consumption   of   electrified   railroads   in 
the  United   States  and  equivalent   coal  saving. 
Brown,  H.  B. 

Kindling   fires    in    locomotives.      1917.      (In    Rv.    Mech.    Engr., 
v.  91,  p.  332.) 

Comparative  cost  of  firing  up  engines  at  terminals. 

Same.     (Tn  Railway  Age  Gaz.,  v.  62,  p.  1056.) 

Fuel,  economy  in  relation  to  reducing  the  cost  of  kindling  fires 
in  locomotives.     1917.     (In  Ry.  Rev.,  v.  60.  p.  701-702.) 
Data  on  stoker  installation  show  low  maintenance  cost.     1917.     (In 
Elec.  Ry.  Jour.,  v.  49,  p.  172.) 

Statist  its    for    the    years    1910-1916    for    mechanical    stoker    for 

Firebox   temperature   tests,   Texas  &  Pacific    Railway.     1917.      (In 
Ry.  Rev,  v.  61,  p.  331.) 

Tests    were    made    by   .1.    T.    Anthony.      Curves    show   rate    of 
combustion  and  evaporation,  boiler  horsepower  and  efficiency. 
Fuel    Department   of   the    Rock    Island.     1°17.      (In  Ry.   Age  Gaz., 
v.  63,  p.  103.) 

Organization  of  departmenl   for  proper  handling  and  use  of  fuel; 
includes   record   of   locomotive  performance. 
G I  firing      L917.     (hi  Ry.  Meek  Hngr.,  v.  91,  p.  334.) 

Brief    data    from    textbook    issued    by    the    Baltimore    &    Ohio 
Railroad  for  its  engineers  and  firemen. 
I    VV. 

Fuel   waste  in  standing  locomotives      (Letter)    1917.     (In   R\ 
Age  Gaz.,  v.  62,  p.  1471.) 

in    tin    amount   of  coal    iwd   in   keeping   loco- 

ives  alive,  and  in  firing  them  up. 

Hawkins,    VV.    I 

Tin  nd     results     of     fuel     e,  ..iioinv.       1917.        (In 

Mech    En   :     v.  "1.  p   3l 

Saving  fuel  by  methods  of  firm;:  and  handling  tin-  engine, 
[nfluence  ol   powdered  coal  on   facilii  nducting   transporta 

tn.,,      1917.     (  In  Rj  oi,  ,,.  31 

Shows    how    the    use    of    pul\eii/ed     fuel    in    actual    service    will 

mean  adaptability    of   locomotivi  ice  demands 
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1917 — International  Railway  Fuel  Association. 

Report  of  Committee  on  Powdered  Fuel.     1917.     (In  Ry.  Age 
Gaz.,  v.  62,  p.  1230-32.) 

On  the  advantages   in   using   pulverized   fuel   and   practice  on 
several  railroads. 
International  Railway  Fuel  Association. 

Report   of    special    committee   on    fuel    tests.      1917.      (In    Ry. 
Rev.,  v.  60,  p.  702-04.) 

Tests  as  to  whether  coal  especially  prepared  as  to  size,   when 
used   on   locomotives,  was   superior  to  mine  run   coal   in   sufficient 
degree  to  justify  the  trouble  and  expense  involved  in  its  prepara- 
tion. 
International  Railway  Fuel  Association. 

Report   of    University    of    Illinois    fuel    tests.      1917.      (In    Ry. 
Age  Gaz.,  v.  63,  p.  51-55.) 

Determination   of  the  relative  value  of  the  various  grades   of 
Illinois  coal  for  use  in  locomotive  service. 
Langreck,  A.  E. 

Firing  engines  at  engine  houses.     1917.     (In  Ry.  Mech.  Engr., 
v.  91,  p.  242.) 

Methods  of  firing  used  in  St.  Louis. 
MacBain,  D.  R. 

Fuel  economy  and  proper  drafting  of  locomotives.     1917.     (In 
Railway  Mech.  Engr.,  v.  91,  p.  130-132.) 

States  that  the  better  proportion  of  heating  surface  to   cylin- 
der volume  is  responsible  for  a  considerable  waste  of  fuel. 
Mikado    type    locomotive    tests ;    Pennsvlvania    test    plants    results. 
1917.     (In  Railway  Mech.  Engr.,  v.  91.  p.  328.) 

Shows   coal   used   per   horsepower   hour   and   indicated  horse- 
power. 
Muhlfeld,  John  E. 

Use    of    pulverized     fuel    on    locomotives.      1917.       (In    Jour 
Amer.  Soc.  Mech.  Engrs.,  v.  39,  p.  760.) 

From  actual  operation  of   steam  locomotives   in   regular   trai 
service  the  use  of  pulverized  fuel  has  eliminated  smoke,  improved 
the  thermal  effectiveness  of  the  locomotives,  etc. 
Peat   powder    as    a    locomotive    fuel.      1917.      (In    Railwav    Mech. 
Fngr.,  v.  91,  p.  76.) 

Brief  details  of  tests  made  on  the  Swedish  State  Railways. 
Powdered  coal  for  the  railwavs.     1917.     (In  Railway  Mech.  Engr., 
vol.  91,  p.  485.) 

Summary   of   the   developments   made   with    this   grade   of   fuel 
on  the  railways  during  the  past  year. 
Robinson,  W.  L. 

Stoker   operation   on   the   Baltimore   &   Ohio.      1917.      (In    Ry. 
Age  Gaz.,  v.  63,  p.  513.) 

On    the   economy   of   the    use    of    mechanical    stokers    for    the 
locomotives  of  the  Baltimore  &  Ohio  Railroad. 

Rock  Island   fuel  department.     1917.      (In  Rv.  Mech.  Engr.,  v.  91, 
p.  434.) 

Organization    for    true    fuel    economy,    cost    and    consumption 
considered. 
Slifer,   Hiram   J. 

Graphic  display  of   individual   daily   fuel   records.     1917.      (In 
Ry.  Age  Gaz.,  v.  62.  p.  1105.) 

Graphical   records  of  coal   consumption,   readily   understood   bj 
the  men  and  shows  where  each  engineman  stands. 

Same.     Ry.  Mech.  Engr.,  v.  91,  p.  383. 


; 
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Economic  Value  of  Automatic  Signals  on    Railroads. 

1906— Peabody,  J.  A. 

Cost  of  stopping  trains  compared  with  the  cost  of  maintenance, 
operation  and  inspection  of  interlocking  plants.  1906.  (In  Engng.- 
Contracting,  v.  21,  p.  49.) 

The   economic   use  of   interlocking  plants   to   increase   capacity 
of  tracks. 
1909— Wilson,  H.  Raynar. 

Power  railway  signaling,  p.  124-125.  1909.  Lond.,  Railway 
Engineer. 

Discusses  economy  of  automatic  signals. 
1910— Arkenburgh,  W.   H. 

Principles  governing  the  arrangement  of  automatic  block  sig- 
nals.    1910.     (In  Railway  Age  Gaz.,  v.  48,  p.   1422-1424.) 

Considers  the  physical  characteristics  of  a  road  and  their 
relation  to  signal  locations ;  and  the  relation  of  signals  to  each 
other. 

Cars,   schedules,  power  consumption,   running  tests   and   signals   in 
London  subways.     1910.      (In   Elec.  Railway  Jour.,  v.  36,  p.  212.) 

Signal  train  stop  tests  were  made  to  determine  the   feasibility 
of  shortening  blocks,  especially  near  terminals  and  cross-overs. 
Latimer,  James  B. 

Running  trains  against  a  current  of  traffic.  1910.  (In  Signal 
Engr.,  v.  3,  p.  50-53.) 

Describes   a   method   of   handling  train   movements   and   states: 
It  allows  of  a  much  heavier  movement  for  a  few  hours  at  a  time 
than  any  automatic  signal  svstcm  and  is  much  more  economical. 
Smart,  V.  I. 

Railway  signaling.  1010.  (In  Canadian  Engr.,  v.  18,  p.  386, 
450,  506.) 

The   author   does   not    favor   the   wholesale   adoption   of    auto- 
matic  system   and   considers    the   absolute  block   method   of   signal- 
ing as  the  most  economical. 
Speed  control  signals.     1910.     (In  Signal  Engr.,  v.  3,  p.  25-28.) 

On  operation  of  automatic  signals  on   the  New  York  subway  ; 
graphic    comparison    of    station    capacity    with    and    without    speed 
control  signals. 
Van  Zandt,  J.  G. 

Scientific  location  of  distant  signals.  1910.  (In  Signal  Engr., 
v.  3,  p.  61-62.) 

Discussion    of    effect    of    physical    characteristics    upon    proper 
spacing. 
1911— Arkrnburgh.  \\     li. 

Arrangement  of  automatic  block  signals.  1911.  (In  Signal 
Engr.,  v.  4,  p.  296-300.) 

Scientific  treatment  of  principles  involved  with  a  graphical 
solution  of  spacing  problems. 

Conditions    governing    track     section     lengths.       Nil.       (In     Signal 
Engr.,  v.  4,  \,.    100  KM.  | 

Automatic  signals,  a  stud}   "t   how  they  an    affected  by  block 
lengths,  the  kind  of  system  used  and  other  conditions. 
Cost  of  automatic  block  signaling,     l'Ml.     (In  Signal   Engr.    v    4 
p.  412  16  I 

Figures    foi    making   quick    estimates   and    checking   construe 
tioii;  taken  from  averages  of  a  numb<  illations. 

mated  cost  of  automatic  block  signaling  (Lettcj)  1911  tin 
Signal  Engr .  \    ■».  p  398  I 
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Compares  cost  of  installation  oi    automatic  and  non-automatic 
signals. 
Thurber,  Guy  P. 

Conservation  of  human  lift'  in  steam  and  electric  railroad 
travel.  1911.  (In  Proc.  Railway  Club  of  Pittsburgh,  v.  10,  p. 
98-146.) 

Shows   number   of   accidents    which   might   have  been   avoided, 
had    an    automatic    train    control    system    been    in    operation;    and 
describes  the  Gray-Thurber  system. 
1912 — Latimer,  James  B. 

Automatic  block  signaling  for  single-track  railways.  1912. 
(In  Engng.  News,  v.  68,  p.  62.) 

Describes  the  "absolute-permissive"  (A-P)  automatic  block- 
signal  system  of  the  C,  B.  &  Q.  R.  R.  and  suggests  that  if  this 
proves  a  success,  that  single-track  railway  may  be  operated  by 
automatic  block  signals  only,  and  a  vast  amount  of  dispatching 
cut  out. 
Latimer,  James  B. 

Cost  of  railroad  signal  protection.  1911.  (In  Engng.  &  Con- 
tracting, v.  35,  p.  689-690.) 

Gives  detailed  costs  of  automatic  block  signals. 
Observations    on    the    economics    of    block    signaling.      1913.       (In 
Signal  Engr.,  v.  6,  p.  180,  252.) 

States  that  it  has  been  proved  that  signals  are  more  economical 
because  they  enable  more  trains  to  be  run  on  a  given  track  in  a 
given   time,   but   there   is   a  lack  of   data   on   how   many   additional 
ton  miles  are  carried  over  a  division. 
Peabody,  J.  A. 

Automatic  control  of  trains.  1913.  (In  Signal  Engr.,  v.  6, 
p.  390-392.) 

Development  of   the   subject   showing  particularly  the   effect  of 
automatic  devices  on  the  capacity  of  a  road. 
1913— Rudd,  A.  H. 

Truth  concerning  automatic  stops.  1913.  (Tn  Signal  Engr., 
v.  6,  p.  164-168.) 

Contains   diagram,    showing    present   conditions    and    effects    of 
using  automatic  stops. 
1914_Anthony,  C.  C. 

Controlled  manual  block  for  opposing  movements.  1914.  (In 
Railway  Age  Gaz..  v.  57,  p.  475.) 

A    short    two-track    freight    railroad    in    New    Jersey,    fulfilling 
the  functions  of  a  three-track  line. 
Arkenburgh,  \V.  H. 

Economics  of  railwav  signaling.  1914.  (In  Signal  Engr.,  v. 
7,  p.  276,  341,  358.) 

Practical  and  theoretical  requirements  in  the  arrangement  of 
block  and  interlocking  signaK 

Automatic  train-stop   or   train-control   svstems.      1(M4.      (In    Engng. 
News,  v.  71,  p.  855.) 

On  the  advisability  of  using  automatic  train  stops. 
Baxter,  W.  M. 

Operating  capacity  of  single-track  divisions.  1014.  (In  Rail- 
way Age  Gaz..  v.  56,  p.  869-871.) 

On  the  advantages  of  automatic  block  signals,  and  study  of 
physical   limitations  in   single-track  operations. 

Same.     (In  Signal  Engr.,  v.  7,  p.  146-148.) 
Circuit  requisites   for  sincle-track  automatic  block  signaling.     1°14 
(In  Railway  Rev.,  v.  55.  p.  441-445.) 
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Recommends  double  control  as  against  single  control ;  the 
use  of  a  siding  overlap ;  and  placing  of  outgoing  signals  from' 
passing  sidings  at  the  fouling  point  instead  of  beyond  the  main 
switch. 

Correct    theories    of    automatic    block    signal    construction.      1914. 
(In  Signal  Engr.,  v.  7,  p.  337.) 

On  advantages  and  improvements  in  automatic  block  signaling. 
Economics  of  block  signaling.  (Editorial.)  1914.  (In  Signal 
Engr.,  v.  7,  p.  160.) 

Discusses  the  value  of  signals  as  a  means  of  promoting   effi- 
ciency and  economy. 
Railway  Signal  Association. 

Economics  of  labor  in  signal  maintenance.  1914.  (In  Jour. 
Railway  Signal  Assoc,  1914,  p.  13-14.) 

Advocates  co-ordination  of  division  forces  in  signal  construc- 
tion work,  because  while  some  of  the  work  is  special,  much  of  it  is 
such  as  other  departments  are  familiar  with. 
1914 — Some  observations  on  the  economics  of  automatic  block  signaling. 
1914.     (In  Signal  Engr,  v.  7,  p.  166-167.) 

Amount  of  money  saved  in  train  operation  on  the  Susquehanna 
division  of  the  Erie  by  the  use  of  automatic  signals  is,  on  a  con- 
servative   estimate   20%    on    initial    investment    and   25%    on    total 
cost  of  the  signals  ;  also  gives  data  for  other  railroads. 
Arkenburgh,  W.  II . 

Economics  of  railway  signaling.  1915.  (In  Signal  Engr.,  v. 
8,  p.  203,  281.) 

Selection   of   signal   system   which   will  facilitate  movement   of 
maximum   number  of   trains,   and   effect   of   use   of   auxiliary  appa- 
ratus on  capacity  of  line  and  economy  of  operation. 
Automatic    block    signals     for    single-track     railways.       1915.       (In 
Engng.  News,  v.  74,  p.  344-345.) 

On  the  use  of  automatic  block  signals,  to  save  double-tracking 
railroads. 
Railway  Signal  Association. 

Capacity  of  single  track.  1915.  (In  Jour.  Railway  Signal 
Assoc,  1915,  p.  326-338,  532-534.) 

On  signaling  of  single  track  and  the  effect  of  the  number  and 
location  of  passing  sidings. 
Railway  Signal   Maintenance. 

Economics  of  signal  maintenance.  1915.  (In  Tour.  Railway 
Signal  Assoc.  1915,  p.  325-326.) 

Because   the   mal    controlling    power    of    signal    apparatus   is 
electrical,   and   because   the   special   training   required   i-   s.>   differ 
cut,  the  Committee  does  no1   recommend  as  a  means  of  obtaining 
economy  and  efficiency,  a  combination  of  signal  and  track   forces. 
Railway  Signal  Association, 

Single-track  automatic  Signaling.  1915.  (In  l<>ur.  Kv.  Sig- 
nal Assoc,  v.  20,  p.  100-108.) 

Discussion  on  fundamentals  of  operation. 
Economics  of  labor  in  signal  maintenance.    1916.    ( in  Railway  Rev., 
v.  58,  p.  791-; 

( )n  handling  of  signal  foi  1 1 
Railway  Signal  Ass<  m  iation. 

Capacity  of  single  track;  location  of  passing  sidings  1916 
(  In  Jour,  Railwa)   Signal    ^ssoc  .  1916,  p   223  234  I 

How  automatic  block  signals  change  conditions  in  regard  to 
tin-  re. Imtioii  in  capacity  and  delay  ; ■!    trains,  caused   bj 

a  high  speed  train  when  based  on  the  im'  of  manual  block 
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1916 — Railway  Signal  Association. 

Exposition  of  the  three  xhcmes  of  signaling  adopted  in  1913 
1916.     (In  Jour.  Railway  Signal  Assoc,  1916,  p.   19.) 

On   low   speed  and  medium   speed   for  trains   and   layouts   per- 
manently restricting  speed. 
Shaver,  A.  G. 

Cost  of  installation  of  automatic  train  control  in  connection 
with  automatic  hlock  signals.  1916.  ( In  Railway  Rev.,  v.  59,  p. 
341.) 

An   attempt   to  estimate   the   use   and   cost   of   automatic   train 
control. 
Shaver,  A.  G. 

Economics  of  railway  signaling.  1916.  (In  Railway  Rev.,  v. 
58,  p.  46-48.) 

Shows  how  signals  are  an  important  although  sometimes  an 
indefinite  factor  in  the  economical  and  efficient  operation  of  the 
railroad,  outside  of  the  safety   functions  performed. 

Economics  of  Car  Loading. 

1912—  Strombeck,  J.  F. 

Freight  classification,  a  studv  of  underlving  principles,  p.  41, 
68.     191.  n,  Houghton. 

Contains  brief  data  on  car  loading. 
1913 — Capacity    and   movement    of    freight    cars.      (Editorial)    1913.      (In 
Iron   Age,  v.  92,  p.  1225.) 

Statistics  of  the  Interstate  Commerce  Commission  of  interest 
in  relation  to  the  movement  for  the  heavier  loading  of  freight  cars. 
Car  loading  efficiencv.  1913.  (In  Railwav  &  Engng.  Rev.,  v.  53, 
p.  129-130.) 

Statistics  showing  advantages  which  would  have  been  derived 
from  increasing  average  freight  car  load,  based  on  operation  of 
the  Chicago  &  Northwestern  Railway. 

Heavier  loading  of  cars :  Why  has  the  increase  in  capacity  of 
freight  cars  failed  to  accomplish  a  proportionate  increase  in  the 
average  load?  1913.  (In  Railway  &  Engng.  Rev.,  v.  53,  p.  996- 
998,  1024-26.) 

Recommends  the  abandonment  of  the  exclusive  use  of  the 
two-base  units,  the  carload  and  the  less-than-carload  rate  and 
establishment  of  a  graduated  system  of  rates. 

Increasing  the  loading  of  cars.  (Editorial)  1913.  (In  Railwav 
Age  Gaz.,  v.  55,  p.  810.)  + 

Advocates  graduated  minimum  weights  for  freight  cars  should 
be  adopted  by  the  railroads. 

Studies  of  operation — the  C.  B.  &  Q.  1913.  (In  Railwav  Age 
Gaz.,  v.  55,  p.  85.) 

On    increase    in    traffic    and    train    load;    a    growth    in    freight 
traffic   from    1901    to   1912   of  98.3%   was   handled   with   a   decrease 
of  9.8'r  in  train  miles. 
Townsend,  J.  F. 

Heavy  loading  of  cars.  (Letter)  1913.  (In  Railwav  &  Engng. 
Rev.,  v.  53,  p.  959-960.) 

Measures    taken   by   subsidiaries   of    United    States    Steel    Cor- 
poration toward  building  up  heavier  carloads. 
Wilson,  Gordon. 

Economy  of  capacitv  of  loading  from  the  shipper's  point  of 
view.     1913."    (In  Railway  Age  Gaz.,  v.  55,  p.  830.) 

A  plea  for  capacity  loading,  twelve  months  in  the  year. 
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1914 — Heavier  loading  of  cars.     1914.     (In  Iron  Age,  v.  93,  p.  750.) 

Two  tons  more   in  a  carload  would   save  one   road  $2,'500,000 
in  a  year. 

Heavier    loading   of    cars.      (Editorial)     1914.      (In    Railway    Age 
Gaz.,  v.  57,  p.  1033.) 

Very    brief    reference    on    the    economy    of    shipping    full    car- 
loads. 
Spears,  Charles  F. 

Possibility  of  future  increases  in  train  loads.  1914.     (In  Rail- 
way Age  Gaz.,  v.  56,  p.  828-830.) 

The  views  of   twenty-eight   railroad  presidents  are  given. 
Studies  in  operation — St.   Louis   &   San   Francisco.     1914.      (In   Ry. 
Age  Gaz.,  v.  56,   p.   501.) 

Remarkable   results   from   an  educational  campaign   for  heavier 
freight  trains  and  better  car  loading. 
Townsend,  J.  Fred. 

Graduated  railroad  transportation  rates.     1914.      (In  Iron   Age, 
v.  93,  p.  1526-27.) 

Question  of  larger  freight  cars,  heavier  loading  and  a  scale  of 
rates  to  encourage  good  loading. 
Townsend,  J.  Fred. 

Increasing   the   car   load.      1914.      (In    Ry.    Age   Gaz.,    v.    57,    p. 
574.) 

States  that  "during  the  last  20  years  the  maximum  freight  car 
capacity  has  increased  only  100T? ,  while  the  locomotive  capacity 
during  the  same  period  has  increased  400  per  cent";  suggests 
methods  of  increasing  car  loads. 
1915 — Increasing  efficiency  as  indicated  by  larger  train  loads.  1915.  (In 
Ry.  Age  Gaz.,  v.  59,  p.  1041.) 

Twenty-eight    important    roads    show   increases   in  their  tonnage 
per   freight  train  during   the  year   1915;   the  average  gain   for  these 
roads  being  twenty-two  tons  per  train. 
1916 — Campaign  to  increase  car  loading  on  the  Chicago  &  North  West 
ern.     1916.     (In  Ry.  Age  Gaz.,  v.  60,  p.  687-689.) 

As  the  loading  of  carload  freight  is  done  by  the  shipper  and 
is  not  under  the  direct   control   of   the   railroads,  this  campaign  has 
necessarily    consisted   mainly   of    work    among   the    shipper--. 
Car  loading  on  the  International  &  Great   Northern   Ry.     1916.     (In 
Railway  Rev.,  v.  58,  p.  501.) 

On   increasing   the    tonnage    per    car   in   order    to   decrease   the 
car  shortage. 
Townsend,  J.   F. 

Heavier   loading   of   cars.      1916.      (In    Railway    Rev.,    v.    58,   p. 
488.) 

Relation  of  car  loading  to  car  shortage   ami   how    shippers  can. 
by    heavier    car    loading,    reduce    the    number    i^\    cars    required    and 
Contribute  to  the  net  earnings  of  the  railways, 
Turner,  Walter  V. 

Vital   relation   of    tram    control    to   the   value   of    steam    and    elec 

trie   railway    properties      1916.      (In    lour.    Franklin    lust.    \ 
p.  428.) 

DlSCU     I        traffic     capacit}      factors     and     their     limitations     foi 

imum  traffic;  this  includi  lading,  tram  length  ami  maxi 

mum  speed. 

Crown,   Stephen    I  I. 

Sei  tM  ration  ol   the  tn<  a      l''l  7      |  In  Railw  a 

1  ia    .  \    63,  n 

1  m  ear  loading.  — 
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1917— Handling  of   less-than-carload    freight   in   warehouses   and   on   plat- 
forms on  the  M.  K.  &  T.  Ry.     1917.     (In  Ry.  Rev.,  v.  61,  p.  255.) 

Critical  Review  of  facilities  and  methods  on  the  Missouri, 
Kansas  &  Texas  Railway  system;  taken  from  report  of  investi- 
gation. 

Increased    loading  of    fruits    and    vegetables.      1917.      (In    Railway 
Age  Gaz.,  v.  63,  p.  350.) 

Suggestions  showing  how  increased  car  loading  will  eliminate 
the  car  shortage. 
Increasing  the  train  load.     1917.     (In  R.  R.  Herald,  v.  21.  p.  211.) 

On  increasing  train  load  by  better  car  loading. 
Increasing  the  train  load.     1917.     (In  Ry.  Age  Gaz..  v.  62,  p.  299.) 

On  the   Norfolk  &  Western  Railway,  it  required  an  increase 
of  less  than  15%  in  train  miles  to  take  care  of  an  increase  of  over 
75%   in  the   freight  handled. 
Noble,  H.  S. 

Loading  trains  for  through  movement.  1917.  (In  Railway  Age 
Gaz.,  v.  63,  p.  347.) 

On  car  loading. 
Reddig,  H.  F. 

Loading  cars  intelligently.  1917.  (In  Railway  Age  Gaz.,  v. 
63,  p.  459.) 

On    increasing   the    revenue    tons    per    freight    mile    where   no 
reduction  is  to  be  made  in  the  grade  line  or  increased  capacity  of 
motive  power  or  equipment. 
Shaughnessy,  E.  H. 

Buy  a  carload.    1917.     (Tn  Railway  Age  Gaz..  v.  63,  p.  457.) 

One  way  to   increase   the   train   load   without   expenditure    for 
grade  reduction,  and  larger  locomotives. 
Simmer,  M.  A. 

Train  loading  means  car  and  locomotive  loading.  1917.  (In 
Railway  Age  Gaz,  v.  62,  p.  1401-1403.) 

Increasing  freight  train  load  increases  the  capacity  of  the  line, 
making  unnecessary  additional  main  tracks. 
Smart,  A.  G. 

Attention  to  details  brings  results.  1917.  (In  Railwav  Age 
Gaz.,  v.  62,  p.   1404.) 

On  car  loading. 
Striving  to  make  one  freight  car  do  the  work  of  two.     1917.     (In 
Railroad  Herald,  v.  21,  p.  187.) 

On  car  loading. 
White,  J.  Lowell. 

How  one  road  increased  its  train  load.  1917.  (In  Railway  Age 
Gaz.,  v.  63,  p.  201.) 

The    methods    described    are    those    adopted    by    the    Atlantic 
Coast  Line. 
Wildman,  C.  B. 

Some  of  the  remedies.     1917.     (In  Ry.  Age  Gaz,  v.  63,  p.  65.) 

On  car  loading. 
Williams,  H.  T. 

Make  the  despatcher  responsible.  1917.  (In  Railway  Age 
Gaz.,  v.  63,  p.  457.) 

Statement,   showing  restdts   that  can  be  obtained  in   decreasing 
the  train  and  locomotive   miles  by   increasing  the  engine  load. 
Winfield,  Edward. 

All  departments  can  help  increase  train  loads.  1917.  t,Tn  Rail- 
way Age  Gaz,  v.  62,  p.  1403-04.) 

Suggestions  on  car  loading. 
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Committee. 
To  the  American  Railway  Engineering  Association: 

The  Committee  on  Yards  and  Terminals  begs  to  submit  the  follow- 
ing as  its  nineteenth  annual  report: 

The  Board  of  Direction  outlined  the  work  of  your  Committee  for 
1917  as  follows : 

(1)  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and  submit  definite  recommendations  for  changes. 

(2)  Report  on  handling  of  freight  in  double-deck  freight  houses 
and  cost  of  operation.  Also  report  on  handling  of  freight  by  mechanical 
means. 

(3)  Continue  study  of  typical  situation  plans  of  passenger  stations 
and  methods  of  their  operation. 

(4)  Report  on  classification  yards. 

Mr.  W.  G.  Arn  of  our  Committee  is  somewhere  in  France  with  an 
Engineering  Regiment;  Mr.  II.  W.  Hudson  of  our  Committee  is  some- 
where in  France  on  the  Staff  of  Director  General  of  Transportation; 
Mr.  F.  E.  Lamphere  is  with  the  Quartermaster's  Department,  engaged 
in  the  construction  of  cantonments  and  warehouses  in  this  country. 

The  several  Sub-Committees  that  are  continuing  investigation  of  the 
subjects  have  collected  data  during  the  year.  The  General  Committee 
held  a  meeting  at  the  William  Fonn  Hotel  in  Pittsburgh  Oil  November 
21st,  at  which  reports  of  the  Sub  Committees  wire  submitted  A  second 
meeting  of  the  General  Committee  w.i<  held  at  the  office  of  the  Associa- 
tion in  Chicago  "ii  December  7th.  On  account  "I  the  extraordinary 
demands  created  by  the  war  upon  the  yards  and  terminals  of  the  railwaj 

his  m|'  the  Continent,  it  has  Keen  agreed  bj   the  Committee  this 
to  make  for  presentation  to  thi     \    ociation  a  detailed  stud)   of  possible 
improvement  of  existing  yards.     \    a  second  subject,  we  bring  up  to  date 
the  co-operative  work  on  Scale  Specifications  of  our  Committee  and  the 
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Sub-Committee  on  Weighing  of  the  American  Railway  Association.  It 
has  not  been  considered  desirable  this  year  to  submit  further  data  on  the 
comparative  statement  of  the  operation  of  hump  and  flat  yards 

(1  )     RE\  tSK  IN  I  >F  MANUAL. 
The  Committee  recommends  no  change  this  year  in  the  Manual. 

(4)  WAR  EMERGENCY  YARD  IMPROVEMENTS. 

The  Committee  this  year  under  the  circumstances  and  following 
Article  1,  Section  2  of  the  Constitution,   which  reads  in  part: 

"The  advancement  of  knowledge  pertaining  to  the  *  *  * 
economic  operation  of  railways," 

attempts  to  spread  before  the  Association  Membership  a  digest  in  the 
form  of  a  catechism  to  bring  out  from  the  Manual  such  hints  as  it  con- 
tains as  to 

The  improvement  in  detail  of  the  yards  we  have  and  the 
elimination  of  slight  defects  which  hinder  the  steady  operation 
of  yard  service  or  cause  detentions  which,  small  in  themselves, 
become  serious  in  the  aggregate. 

From  extensive  correspondence  by  the  Committee,  this  form  of 
handling  has  appeared  to  be  of  two-fold  benefit;  (1)  to  the  members 
of  the  Association  themselves,  and  (2)  as  a  means  of  collecting  infor- 
mation as  to  individual  yards  from  railway  officers  or  employees  who  may 
not  be  closely  following  the  work  of  the  Association.  The  Sub-Commit- 
tee held  several  meetings  and  as  a  first  result  sent  out  the  following 
circular  on  October  25th  to  approximately  225  Engineering  Operating 
Officers  represented  in  the  Association  : 

GENERAL. 

1.  Your  Committee  points  out  that  while  there  are  certain  general 
principles  governing  the  design  of  y^ards,  yet  each  yard  constitutes  a 
separate  problem  with  its  local  conditions  of  design  and  operation. 

2.  Improvement  in  detail  of  any  one  yard,  therefore,  will  be  governed 
largely  by  these  conditions  rather  than  by  general  principles. 

3.  For  this  reason  it  is  suggested  that  each  railway  should  con- 
sider the  improvement  in  detail  of  its  individual  yards. 

4.  Reconstruction  and  alteration  of  yards  on  a  large  scale  is  im- 
practicable at  this  time  on  account  of  press  of  more  important  business, 
the  lack  of  money  and  the  shortage  of  material  and  men,  to  say  nothing 
of  the  undesirability  of  assigning  engines  and  cars  to  work  of  this 
kind. 

5.  Of  greater  importance  at  the  present  time  is  the  improvement 
in  detail  of  the  yards  we  have,  and  the  elimination  of  minor  defects  or 
features  which  hinder  the  steady  operation  of  yard  service  or  cause 
detentions   which,   small  in   themselves,   become   serious   in   the  aggregate. 

6.  Real'  improvement  of  this  kind  can  be  made  only  by  a  careful 
study  of  the  yard  and  its  operation.  This  should  include  consultation,  not 
only  with  the  local  officials,  but  also  with  the  yardmen  and  switchmen, 
as  they  have  the  details  of  the  service  at  their  finger-ends  and  know 
wdiere  and  what  are  the  weak  points. 
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7.  It  is  the  thought  of  the  Committee  that  great  good  could  be 
effected  on  many  railways  by  the  appointment  of  a  small  Committee, 
detached  from  all  other  duties,  to  go  over  the  line  and  make  a  detailed 
study  of  the  operation  of  the  larger  terminal  and  division  yards  for  the 
purpose  of  determining  instances  where  minor  or  simple  changes  or 
additions  will   facilitate  or  cheapen  operations  to   an  appreciable  extent. 

8.  The  Committee  should  preferably  be  composed  of  a  representa- 
tive of  the  Engineering  Department,  who  has  had  experience  in  the 
designing  of  yards  and  manifested  a  thorough  conception  of  yard  require- 
ments, and  a  practical  yard  man,  a  yardmaster  or  perhaps  a  yard  con- 
ductor who  has  given  evidence  of  a  live  understanding  of  yard  opera- 
tions.    Such  men  are  to  be  found  on  every  railway. 

9.  This  Committee  should  be  instructed  to  approach  every  case 
with  an  absolutely  open  mind.  Its  recommendations  should  be  made 
with  the  expectation  that  the  improvements  recommended  will  be  made 
promptly. 

10.  Knowledge  of  improvements  of  this  kind  in  one  yard  may  he 
helpful  and  suggestive  in  the  improvement  of  other  yards  and  on  other 
railways,  and  it  is  desirable  that  information  as  to  such  detail  improve- 
ments should  be  presented  to  the  Yards  and  Terminals  Committee 

11.  Information  that  will  be  of  common  interest  will  be  embodied 
in  the  report  of  the  Committee  to  the  Association. 

12.  A  certain  classification  of  yards,  according  to  their  purpose, 
should  he  recognized. 

OCEAN    TERMINALS. 

13.  Apart  from  the  general  yard  problem,  ocean  terminals  consti- 
tute a  special  class  and,  under  present  conditions,  present  an  emergency 
problem  that  must  he  met  in  a  large'  way.  requiring  the  construction  of 
extensive  additional  facilities  that  may  be  more  or  less  of  a  temporary 
nature. 

14.  Extra  detentions  may  be  caused  by  kick  of  vessels  to  receive 
the   freight.     This  results  in   holding  u\)  the   equipment    with   consequent 

lion  of  the  terminal  tracks.  Mu'ch  can  he  done  in  such  cases 
by  the  provision  of  warehouses  and  storage  facilities  for  foreign  ship- 
ments held  awaiting  vessels,  thus  releasing  cars  ami  clearing  the  termi- 
nal  tracks. 

15.  An  entirely  different  and  unusual  situation  is  involved  in  the 
handling  of  military  equipment.  At  shipping  ports  this  traffic  may  be 
too  greal  to  he  handled  in  existing  \ank,  ,unl  it  m,i>  he  desifabl 
establish  separate  yards  where  men.  stock,  supplies  and  munitions  can 
he  unloaded  and  held  awaiting  shipment.  The  layout  of  such  yards 
requires  special  consideration,  and  it  will  be  of  interest  to  secure  infor 

[nation  as  to  what   ha-   actually  been  done   in   ibis  direction. 

I'p  to  November  20th  replies  were  received  from  about  five  per  cent. 
of  die  officers  to  whom  the  circular  was  addressed.  These  replies  all 
held  that  the  suggestions  oi  the  Committee  were  practical  ami  good,  but 
that,  owing  to  the  present  traffic  conditions  and  to  the  inadvisability  of 
taking  cut    men    from   their   duties;    it    wa     deemed    impracticable 

at  tins  time  to  undertake  the  investigation  I   by   the  Committee 

Your  Committee  would  point  out,  however,  ibat  in  present  emergen 
d  railway  operation  such  an  inquirj   and    such  v. ml  Improvements  as 
led  in  tin-  rcporl  are  ol  direct  and  immediate  importance,  and 
their  value  depends  verj    largely    upon  immediate  action      li   i     entirely 
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probable  that  some  of  the  officials  who  have  not  replied  are  considering 
the  suggestions  seriously,  and  have  possibly  made  arrangements  to  carry 
these  out  and  feel  it  necessary  to  defer  reply  to  the  circular  until  they 
have  obtained  results. 

The  Yards  and  Terminals  Committee  is  a  large  one,  which  has 
representatives  from  all  sections  of  the  United  States.  They  are  men 
of  experience  and  have  kept  in  touch  with  the  various  developments 
of  railroad  yard  work.  They  realize  the  unusual  conditions  existing  on 
railroads  at  the  present  time  and  know  the  inadvisability  of  making 
any  extensive  changes  or  even  any  moderate  changes  which  will  inter- 
fere with  yard  operation  or  require  any  considerable  outlay  of  money. 

But,  from  their  personal  experience,  they  are  convinced  that  in  many 
yards,  especially  the  older  ones  which  were  less  thoughtfully  designed 
and  enlarged,  there  are  many  minor  changes  which  may  be  made  with 
practically  no  interference  with  traffic  and  at  nominal  cost,  and  which 
will  materially  increase  the  efficiency  and  capacity  of  these  yards. 

At  a  second  meeting  of  the  Committee  held  December  7th,  the  whole 
subject  was  again  reviewed,  because  of  the  present  congested  conditions. 
From  the  experience  of  its  individual  members  and  from  the  replies 
received  to  its  circular,  the  Committee  is  convinced  that  actual  benefits 
will  result  from  certain  slight  changes  in  yard  facilities.  The  changes 
suggested  are  familiar  to  all  yardmen,  but  the  Committee  emphasizes 
them  by  presenting  them  in  the  following  question  form : 

The  principle  of  good  yard  design  comprises  three  fundamental  re- 
quirements, which  are: 

(1)  To  get  the  train  into  the  yard  and  clear  the  main  line. 

(2)  To  classify  the  cars  in  the  yard,  which  includes  all  intrayard 
movement,  of  cars  and  engines. 

(3)  To  get  the  train  out  on  the  main  track  and  clear  the  yard. 
With   these   principles   in    mind,    the    following    suggestions    arise    in 

the  form  of  direct  questions  : 

1.  Can  you  extend  your  yard  lead  or  construct  one  adjacent  to 
the  main  track  of  sufficient  length  to  hold  a  maximum  train,  so  that 
an  arriving  train  can  quickly  clear  the  main  track  before  entering  the 
yard  and  a  departing  train  may  quickly  clear  the  yard  before  going 
out  on  the  main  track?  If  trains  arrive  or  depart  at  close  intervals,  can 
a  second  lead  track  be  constructed?  These  lead  tracks  are  sometimes 
called  receiving  or  departure  tracks. 

2.  Are  your  connections  between 

(a)  Main  tracks 

(b)  Lead  tracks 

(c)  Drill  tracks   (or  tracks  on   which  switch  engines  operate) 

(d)  Yard  tracks,  so  arranged  that  trains  may  enter  and  leave  the 
yard  with  a  minimum  of  interference  with  switching  move- 
ment? 
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3.  Are  your  yards  so  arranged  and  have  you  sufficient  running 
tracks  so  that  you  can  take  a  transfer  from  one  end  of  the  yard  to  the 
other  without  interfering  with  the  usual  switching?  Could  the  efficiency 
and  capacity  of  the  yard  be  increased  by  the  enforced  holding  open  of  a 
track  (otherwise  used  for  holding  cars)  as  a  running  track? 

4.  Are  your  crossovers  so  arranged  as  to  give  the  least  interference 
with  switching  and  the  greatest  elasticity  of  movement,  or  can  addi- 
tional crossovers  be  put  in  to  secure  these  results?  Where  the  number 
of  tracks  in  classification  yard  is  fixed  and  where  the  number  of  classi- 
fications has  increased,  can  connecting  crossovers  be  so  located  between 
these  classification  tracks  as  to  reduce  the  number  of  movements  for  the 
required  classification? 

5.  If  your  receiving  or  departure  tracks  are  too  short,  can  you 
lengthen  one  track  in  each  yard  in  order  to  take  care  of  the  maximum 
train? 

6.  Are  your  caboose  tracks  so  located  and  have  they  such  connec- 
tions at  each  end  that  cabooses  may  be  handled  with  the  least  amount  of 
switching  service? 

7.  Can  you  take  the  engine  off  your  train  and  get  it  to  the  round- 
house, and  also  get  it  from  the  roundhouse  to  an  outbound  train  with- 
out materially  interfering  with  switching? 

8.  Can  you  facilitate  handling  road  engines  by  providing  a  "tie-up," 
"parking"  or  "engine  storage"  track  near  the  engine  terminal? 

9.  Can  your  yard  engines  clean  fires  and  take  coal,  sand  and  water 
without  delay?  Do  you  change  switching  crew  where  engine  works,  or 
do  you  send  the  engine  to  "tie-up"  track  for  change? 

10.  Are  the  trackmen  given  opportunity  to  repair  busy  tracks?  Are 
you  having  yard  derailments  or  delays  due  to  bad  tracks,  particularly 
at  curves,  switches  and  frogs? 

11.  Can  you  quicken  movement  of  trains  through  the  throats  of  the 
yard  by  putting  on  switch  tenders  at  these  points  during  the  busiest  part 
of  the  day? 

12.  Is  the  present  assignment  of  tracks  in  the  yard  for  the  various 
operations  the  proper  one? 

13.  Can-  you  in  any  case  improve  the  yard  movement  by  reversing 
(he  movement  of  traffic? 

14.  Can  you  facilitate  switching  by  making  inexpensive  changes  in 
grade  in  yard  at  any  point?  If  you  are  operating  a  hump,  can  you  change 
grades  of  the  hump  and  facilitate  switching? 

15.  Are  you  using  the  cut-lisl  system  in  hump  yards  to  avoid  con- 
fusion in  classification  and  to  fix  responsibility  for  damage  while  han- 
dling cars? 

lo.  Can  you  improve  switching  conditions  aftei  dart  t>\  installing 
lights? 

17.    Arc  you  handling  anj   cars  through  the  yard  with  more  mi 
ments  than  are  absolutely  necessary? 
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18.  Could  you  facilitate  weighing  and  lessen  interference  with  other 
switching  by  rearrangement  of  existing  connections  or  by  the  addition 
of  other  connections  to  the  scale  track? 

19.  Are  your  bad-order  and  repair  tracks  so  located  as  to  require 
the  least  amount  of  engine  service? 

20.  Can  you  lessen  the  cost  of  icing  cars  by  changing  the  track 
layout  ? 

21.  Are  your  car  inspectors  properly  organized,  and  so  located  and 
equipped  that  they  do  not  delay  switching  or  departure  of  trains? 

22.  Can  some  terminal  delays  be  avoided  by  the  installation  of 
compressed  air  lines  to  charge  the  brake  equipment  of  trains  and  avoid 
the  delay  of  pumping  air  on  train  after  efigine  is  coupled  on? 

23.  Are  your  outgoing  trains  delayed  "Waking  for  Orders"? 

24.  Is  your  yard  or  road  service  hampered  due  to  lack  of  proper 
telephone   facilities   or  other  means   of  communication? 

25.  Is  the  lime  of  switching  crews  wasted  by  faulty  handling  of 
waybills  ?    . 

If  any  railroad,  after  consideration  of  the  above  questions  puts  any 
of  the  suggestions  into  effect,  the  Committee  will  appreciate  a  report 
of  the  changes  made  and  the  benefits  derived. 

The  Committee  will  tabulate  and  publish  these  reports  without 
naming  the  railroad  reporting.  This  will  give  not  only  the  Committee, 
but  the  railroads  at  large,  the  benefit  of  the  work  done,  and  it  may  be 
pointed  out  that  this  is  one  of  the  important  purposes  of  the  Association. 

The  Committee  will  also  appreciate  reports  from  any  railroad  which 
has  accomplished  results  along  these  lines  by  adoption  of  changes  other 
than  those  suggested  by  the  questions  of  the  Committee. 

Following  are  some  of  the  replies  received  in  answer  to  the  Commit- 
tee's circular: 

(A)  What  is  recommended  by  the  Sub-Committee  is  in  line  with 
the  policy  adopted  by  this  Company  years  ago.  We  have  not,  however, 
carried  the  matter  forward  to  the  extent  of  appointing  a  committee  for 
the  purpose  of  giving  these  matters  exclusive  attention,  nor  would  we 
consider  doing  so  at  this  time,   for  the  reasons: 

(1)  We  have  not  sufficient  available  men  to  take  care  of  any  radical 
changes.  ~""» 

(2)  Under  present  conditions,  such  changes  would  seriously  inter- 
fere  with   yard   operations. 

(3)  Minor  defects  can  lie  located  from  time  to  time  and  adjusted  as 
opportunity  serves,  without  the  aid  of  a  committee  exclusively  engaged 
in  the  study  of  yard  con  tc.      (See  Note  A  A 

Committee's  .Note:  (A)  Your  Committee  would  note,  however. 
that  one  cause  of  trouble  is  that  such  defects  are  often  overlooked  and 
neglected  and  are  not  adjusted  when  opportunity  serves,  because  there 
is  no  one  special  authority  to  take  charge  and  s0C  that  they  are  adjusted. 

(B)  A  committee  was  appointed  something  over  a  year  ago  having 
in  view'  substantially  the  recommendation  covered  by  this  abstract  in 
question,    the    committee    having    special    training    in    the    transportation 
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department  and  aided  locally  by  transportation  and  engineering  officials 
in  each  instance.  The  purpose  at  that  time  was  to  anticipate  the  enforce- 
ment of  the  Eight-Hour  Law,  which  necessitated  the  utmost  economy  in 
operation  and  considerable  expenditure  in  order  to  obtain  same.  After 
going  over  the  entire  property,  the  committee  was  dismissed,  and  at  the 
present  time  no  committee,  specially  appointed  for  that  purpose,  is  in 
existence  and  no  further  report  is  therefore  available  at  this  time  (see 
Note  B). 

Committee's  Note:  (B)  It  will  be  of  interest  to  have  particulars 
of  the  report  and  the  improvements  made  or  suggested  for  incorporation 
in  the  report  of  the  Yards  and  Terminals  Committee. 

(C)  You  will  find  such  a  plan  as  the  Comniittee  proposes  outlined 
in  the  Railroad  Gazette  for  January  4th,  1901,  page  1,  and  the  result  of 
the  yard  design  carried  out  in  accordance  therewith  is  discussed  in  the 
article. 

(D)  I  agree  thoroughly  that  we  would  be  vers-  much  benefited  by 
the  study,  but  we  are  finding  it  so  hard  to  obtain  both  yardmasters  and 
engineers  to  attend  to  our  legitimate  needs  that  it  is  almost  impossible 
to  dispense  with  the  services  of  any  of  our  good  men  long  enough  to 
put  them  on  such  a  committee,  and  I  am  very  much  afraid  that  we  will 
not  be  able  to  handle  the  study  during  tin-  present  business  conditions. 
I  am  very  sorry,  as  I  should  have  liked  to  co-operate  with  you  as  fully 
as  possible,  but  it  is  simply  out  of  the  question. 

(E)  I  would  heartily  approve  the  report  of  this  Sub-Committee  as 
being  the  proper  method  to  pursue  at  the  present  time.  It  is  impossible 
to  take  up  the  question  of  the  larger  revision  and  overhauling  of  rail- 
road terminals  with  conditions  as  they  are  at  present,  hut  in  my  opinion 
there  is  hardly  a  railroad  in  the  United  States  that  cannot  lie  improved 
very  materially  by  going  over  it  carefully  and  approving  the  small 
expenditures  in  the  way  of  crossovers,  changing  of  switches,  shortening 
or  lengthening  of  certain  tracks  and  the  arranging  of  facilities  for  car 
r«paks  and  facilities  for  loading  and  unloading  at  team  tracks 

Service  in  a  great  many  yards  at  the  present  time  is  made  very  slow 
and  expensive  on  account  of  lack  of  small  changes  and  a  few  additions 
and  betterments,  tf  these  matters  could  be  gone  over  by  the  Committee 
as  suggested,  there  is  no  doubt  but  great  benefit  would  result  (see 
Note 

Non  :     (E)     This   reply  exactl)    endorses  the  position 
taken  by  the  Committee. 

(I)  I  think  thai  the  report  of  tin-  Committee  in  general  Is  quite 
■  t.     Owing   to   the   demoralized    condition   of    labor    due   to   many 

cantonments  being  built  here  by  the  Government  we  do  nol   prop* 

do  any  more  work  than  is  absolute!  We  have  some  terminal 

that     need    attention,    but    they    are    involved    in    a    Union    Depot 

scheme  which  makes  it  impossible  to  do  anything  until  some  kind  of  an 
ement    is   reached    between    the    interested    parties.     Therefore, 

the  present  there  will  be  no  need  of  our  appointing  a  committee  to  inves 

tigate  inals 

(G)     I   have  carefull  rt,   and    ba\  e    taken    up 

with   our   Vice  Pre  idenl    and   General    Manager.     H  with 

me  that  the  plan  outlim  ood  one,  but   thai  at  this  time,  due  to 

abnormal  .  it   i     not   practicable  to  detach  am    empl 

their   present   assignments    in   ordei    to   maki     i    ifudy   of   the  conditions 
We  expect  to  do  so,  howevei  'onditions  permit. 
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ill;  I  would  advise  that  in  my  judgment  the  recommendations  are 
most  excellent  and  timely.  I  have  recommended  to  our  management 
that  we  follow  out  these  recommendations  hy  appointing  a  committee  of 
two  representatives,  as  suggested,  to  investigate  conditions.  In  case 
my  recommendation  is  approved  and  adopted,   I   will   advise  you   further. 

(J)  I  thoroughly  agree  with  the  principles  stated  in  the  abstract 
of  the  preliminary  report  of  Sub-Committee  of  the  Yards  and  Terminals 
Committee.  They  are  clearly  stated  and  right  to  the  point,  especially 
items  Nos.  1,  5  and  6. 

As  to  the  committee  personnel  mentioned  in  item  No.  8,  I  would 
suggest  the  addition  of  a  trainmaster  or  other  official  who  would  have 
a  general  knowledge  of  the  road,  with  authority  to  designate  at  the 
originating  yards  the  make-up  of  trains  with  a  view  of  reaching  their 
destination  in  the  minimum  of  time  by  being  kept  out  of  the  detail 
work  of  the  succeeding  yards  and  be  received  and  held  on  designated 
tracks  only  a  sufficient  length  of  time  to  change  power  and  crews.  This 
should  have  a  distinct  effect  on  the  "Improvement  of  Traffic  Movement." 

The  report  contains  the  most  comprehensive  and  clean-cut  idea  of 
the  difficulties  in  yard  operation  and  the  required  remedies  therefor 
that  I  have  ever  seen,  and  that  anything  done  along  the  lines  suggested 
would  result  in  improvement.  Under  present  traffic  conditions  is  just 
the  time  when  many  of  the  improvements  suggested  would  be. of  especial 
benefit. 

One  other- thought  which  in  nowise  detracts  from  improving  to  the 
utmost  any  yard  layout,  viz. :  it  is  a  well-known  fact  that  much  of  the 
delay  in  freight  movement  is  due  to  yarding,  and  to  improve  this  condi- 
tion should  be  the  object  of  the  originating  classification  so  that  at 
subsequent  divisional  run  yards  as  many  trains  as  possible  could  be 
run  in  on  sidings  parallel  with  and  adjacent  to  the  main  track,  where 
power  and  crews  could  be  changed  and  the  trains  proceed  with  a  mini- 
mum delay.     This  is  hinted  at  in  question  No.  17  of  the  revised  report. 

My  experience  is  that  too  many  yard  plans  are  prepared  in  the 
division  office  and  from  a  divisional  viewpoint,  which  results  in  a 
duplication  of  shifting  and  facilities,  and  would  suggest  the  addition  to, 
the  Committee  recommendation  in  paragraph  8  that  one  of  the  repre- 
sentatives should  have  a  knowledge  of  the  operation  of  the  entire  road 
and  facilities  so  as  to  eliminate  duplication  of  work. 

On  tidewater  terminals,  I  believe  an  inve>tigation  will  show  a  very- 
great  saving  in  the  cost  of  handling  by  providing  storage  warehouses 
and  thus  saving  a  large  amount  of  trackage  and  underlying  property, 
as  well  as  promptly  releasing  the  cars. 

(K)  I  give  below  a  list  of  comparatively  slight  changes  or  expendi- 
tures that  were  made  to  speed  up  the  movements  at  yards  and  other 
points  along  the  line  : 

(1)  An  expenditure  of  $200.00  for  connecting  the  stub  end  of  a 
track  enabled  pusher  engine  to  get  to  its  train  without  fouling  of  other 
movements. 

(2)  Change  in  location  of  caboose  track  permitted  dropping  of 
cabooses  to  train  without  delay. 

(3)  Car  repair  yard  connected  to  switching  lead  avoided  former 
delay  in  switching  out  crippled  cars. 

(4)  The  construction  of  225  feet  of  track  at  receiving  yard  cleared 
up  a  point  of  congestion. 

(5)  Change  of  crossover  from  trailing  to  facing  in  double  track 
territory  whore  freight  trains  only  are  operated  facilitated  running  trains 
around  each  other  and  expedited  movement. 
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(6)  A  crossover  from  main  track  to  center  of  long  siding  enabled 
local  freight  trains  to  reach  freight  house  located  on  outside  of  siding 
with  very  much  less  interference  with  use  of  siding. 

(7)  Installation  of  auxiliary  yard  office  at  northbound  yard  greatly 
facilitated  departure  of  trains.  Cost  was  merely  for  small  building  and 
two  telephones. 

(8)  Use  of  small  engine  to  furnish  steam  for  thawing  out  coal  in 
severe  weather  expedited  fueling  of  locomotives. 

(9)  Construction  of  Wye  for  turning  pusher  engines  avoided  great 
congestion  and  delay  at  turntable  and  saved  considerable  distance  in 
run   of  pushers. 

(10)  Introduction  of  a  crossover  one  mile  from  end  of  a  three- 
track  system  provided  a  passing  or  holdout  siding  and  facilitated  move- 
ments. 

(11)  Moving    of   a    yard    limit    board    facilitated    movement    where 
junction  of  two  main  lines  was  a  considerable  distance  from   main  ter 
minal. 

(12)  Moving  of  telegraphers  from  one  interlocking  tower  to  an- 
other nearer  the  point  of  departure  from  yard  avoided  holding  main 
track  while   getting  orders. 

(13)  Installation  of  scale  on  hump  avoided  flat  switching  and 
greatly  facilitated  movement. 

There  is  probably  only  two  of  these  improvements  that  cost  over 
$1,000.00 — the  new  Wye  track  mentioned  and  the  new  scale  on  the  hump — 
and  some  of  these  changes  were  made  at  practically  no  expense  or  at 
such  trivial  expense  as  not  to  be  worthy  of  consideration. 

I  am  quite  sure  that  on  nearly  all  of  the  railroads  of  this  country 
careful  observation  of  the  workings  at  the  different  yards  by  men  not 
directly  connected  with  yard  operation  will  result  in  making  changes 
that  will  be  of  benefit. 

(L)  (1)  Elevated  our  switching  leads  at  both  ends  of  yard  so  that 
we  have  the  assistance  of  gravity  in  dropping  cars  into  the  yard. 

(2)  On  one  of  our  yards  which  was  very  wide  and  we  were  con- 
fined to  a  comparatively  narrow  neck  in  reaching  the  yard,  we  lapped 
No.  7  turnouts  on  the  lead  so  that  there  were  two  frogs  for  each  track 
instead  of  one.  While  this  added  some  expense  to  the  work,  it  greatly 
facilitated  the  switching,  as  it  brought  the  switches  closer  together  and 
enabled,  us  to  make  the  switching  lead  with  an  angle  of  1  in  3r4  instead 
of  1  in  7,  as  would  be  the  case  if  switches  were  not  lapped. 

(4)  SCALE  SPECIFICATIONS  AND  RULES 
Our  Sub-Committee  on  Scales  this  year  has  continued  co-operation 
by  correspondence  and  meetings  with  the  Sub-Committee  on  Weighing 
of  tlti-  American  Railway  Association,  die  Federal  Bureau  of  Standards 
and  with  the  Scale  Manufacturers'  Association  and  recommend  the  fol- 
lowing Track  Scale  Specifications  and  Rules. 

The  Committee  on  [roil  and  Steel  Structures  of  our  Association 
has  been  asked  to  approve  the  data  on  scale  superstructures  Con- 
tained iti  Tahles  i  and  1  under  "Capacity,"  Article  3,  Section  (e).  Cer 
tain  differences  between  these  specifications  as  now  submitted  ami  those 
>>f  the  American  Railwaj  Association  as  recently  published  will  be  taken 
.if  oi  by  the  American  Railway  Association,  we  hope,  at  the  time  their 
ifications  are  next  reprinted 
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The  Committee  also  submits  as  information  the  rules  adopted  by 
the  American  Railway  Association  on  Equipment  for  Testing  Track 
Scales  and  on  the  subject  of  Scale  Test  Cars.  Your  Committee  has  not 
as  yet  made  a  study  of  these  questions  and  is,  therefore,  not  in  a  posi- 
tion to  recommend  the  adoption  of  these  additional  rules  and  specifi- 
cations by  printing  them  in  our  Manual. 

Track  Scale  Specifications  and  Rules. 

The  following  recommendations  are  made  with  the  view  of  setting 
an  ultimate  standard  to  which  railroads  generally  may  work,  but  are 
not  intended  to  condemn  scales,  methods  of  installation  or  reinstalla- 
tion of  scales,  now  in  service,  which  come  within  the  sensibility  and  toler- 
ance prescribed  in  Section  2  and  respond  to  tests  as  prescribed  in  Sec- 
tion 10. 

1.  General. 

The  selection  of  a  track  scale  should  be  based  on  the  following 
principal  considerations: 

(a)  Maximum  loads  to  be  moved  over  the  scale  for  weighing  or 
otherwise,  the  spacing  of  the  supporting  axles  and  the  concentration  of 
weight  thereon. 

(b)  Length  of  wheel  base  of  cars  or  other  equipment  to  be  weighed. 

(c)  Whether  cars  arc  to  be  weighed  spotted  or  in  motion. 

2.  Scale  Design. 

(a)  Scales  should  be  so  designed  that,  when  the  load  is  applied  to 
the  main  supporting  levers,  the  oscillation  of  the  platform  will  not  dis- 
place the  bearings  at  points  of  contact  on  the  knife-edges. 

(b)  The  vital  parts  should  be  readily  accessible  for  cleaning,  inspec- 
tion and  adjustment. 

(c)  Like  parts  of  a  scale  of  given  manufacture,  type,  length  and 
capacity,   should  be  interchangeable  as   far  as  practicable. 

Note: — Some  roads  specify  that  scales  of  the  same  type,  length  and 
manufacture,  be  interchangeable  on  foundations,  while  other  roads  specify 
further  that  scales  of  the  same  type  and  length,  but  of  different  manu- 
facture, be  so  interchangeable. 

(d)  Scales  should  be  constructed  preferably  in  not  more  than  four 
sections. 

(e)  In  scales  of  more  than  two  sections,  either  of  two  methods  of 
designing  weigh-bridgc  girders  may  be  employed. 

First: — Girders  of  continuous  type. 

Second :- X' m  continuous  girders  of  such  design  of  bracing  and  of 
joints  over  center  of  bearings  as  will  admit  of  flexure  vertically  without 
derangement  of  sections. 

(f)  Practical  means  oi  adjustment,  such  as  wedges,  etc.,  should  be 
provided  to  secure  proper  distribution  of  load  on  scale  at  points  of 
support. 
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(g)  To  insure  parallelism  of  pivots,  machined  ways  should  be  pro- 
vided where  nose-irons  engage  the  levers.  The  nose-irons  should  be 
designed  for  movement  by  a  non-corrosive  machine  screw  or  other 
mechanical  device,  and,  in  addition  to  this,  each  nose-iron  should  be 
clamped  in  .position  by  at  least  two  binding  screws  or  bolts,  or  an 
equivalent  locking  device. 

The  use  of  set  screws  which  make  indentations  in  the  levers  is 
undesirable,  on  account  of  such  indentations  making  it  difficult  to  secure 
nose-irons  in  exact  position  when  slight  adjustments  are  made. 

The  normal  position  of  nose-iron  as  determined  by  shop  sealing 
should  be  marked  by  a  line  or  some  equally  effective  method. 

(h)  Levers  should  be  provided  with  leveling  lugs,  upon  which  a 
level  can  be  placed  to  establish  the  horizontal  position  of  the  levers. 
The  faces  of  these  lugs  should  be  machined  in  line  with  the  contact 
edges  of  the  two  end  pivots  or  knife-edges.  They  should  be  as  far  apart 
as  practicable  and  not  closer  together  than  ten  (10)   inches. 

(i)  When  scale  design  requires  the  use  of  checks,  either  the  rod 
or  the  bumper  type  may  be  used.  They  should  be  located  as  nearly  as 
practicable  at  the  top  plane  of  the  weigh-bridge  girders.  Check-rods 
should  be  horizontal  when  the  average  load  is  on  the  scale.  Check-rods 
should  be  adjustable  and  set  without  initial  strain. 

(j)  Beams  should  be  so  designed  as  to  weigh  all  loads  on  main  and 
fractional  bars  without  use  of  hanger  weights.  The  main  bar  of  beam 
should  have  not  more  than  six  (6)  notches  to  the  inch,  each  notch 
to  represent  one  thousand  (1,000)  pounds.  Fractional  bar  should  be 
graduated  to  fifty  (50)  pound  sub-divisions,  with  not  more  than,  four 
sub-divisions  to  the  inch. 

A  shoulder  should  be  provided  on  all  beams  to  prevent  the  poise 
traveling  back  of  the  zero  graduation. 

Where  the  scale  is  not  equipped  with  a  full-capacity  beam,  the 
maximum  capacity  must  be  clearly  and  permanently  placed  on  the  scale, 
where  it  may  be  easily  seen.  To  facilitate  accurate  reading  of  scale 
beam,  symmetrically   indicating   poises  arc  desirable. 

Beams  should  be  fitted  with  a  pointer,  to  be  used  in  connection 
with  a  fixed  pointer  to  indicate  a  central  position  in  the  trig-loop  when 
beam   is  horizontal. 

In  order  to  prevent  magnetization,  which  impairs  the  vibratory 
of  the  beam,  trig-loop  should  he  of  brass  or  other  non  magnetic 
material. 

(k)  The  beam  should  be  supported  directly  by  a  one-piece  beam 
stand  securelj  attached  to  a  metal  shelf  supported  bj  metal  columns. 
Means  should  be  provided  for  adjustment  to  maintain  vertical  alinement 
of  steelyard-rod      The  columns  and  shelf  should  preferably    \u 

Beam  rod  and  steelyard  rod  should  be  provided  with  pin-and    le 
ections   instead  of  hook  connections.      The   steelyard  rod   should   he 
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adjustable  as  to  length  by  turnbuckles  secured  by  lock  nuts  at  both  ends. 
The  lock  nuts  should  be  additionally  secured  by  binding  screws. 

(1)  Multiplication  at  butt  of  beam  should  not  exceed  800  to  1.  In 
order  to  secure  uniformity  the  following  multiplications  for  levers  of 
four-section  scales  of  the  straight  lever  type  are  suggested  : 

Main   levers    4 

Extension   levers    10 

Transverse   extension    lever 5 

Shelf    lever    4 

(m)  Recording  beams  should  be  used  where  spot  weighing  is  per- 
formed. 

(n)  The  sensibility  reciprocal  is  the  weight  required  to  move  the 
beam  a  definite  amount  from  pointer  or  other  indicating  device  of  a 
scale.  In  scales  provided  with  a  beam  and  trig-loop  the  sensibility 
reciprocal  is  the  added  weight  required  to  be  placed  upon  the  platform 
to  break  and  turn  the  beam  from  a  horizontal  position  of  equilibrium 
in  the  middle  of  the  trig-loop  to  a  position  of  equilibrium  at  the  top 
of  the  trig-loop.  This  may  be  determined  by  subtracting  the  weight 
instead  of  adding  it,  or  by  using  the  sliding  poise  on  the  beam,  if  this 
is  done  without  jarring  the  beam. 

For  railroad  track  scales  the  angular  movement  or  play  should  be 
2  per  cent,  of  the  distance  between  the  trig-loop  and  the  fulcrum 
knife-edge,  and  the  sensibility  should  correspond  to  50  per  cent,  of  the 
angular  movement  of  the  beam. 

The  sensibility  reciprocal  of  a  track  scale  should  never  be  more 
than  100  pounds,  and  when  the  scale  is  new,  should  be  not  more  than 
50  pounds.  For  verification  purposes,  when  new,  a  scale  should  be 
capable  of  adjustment  to  within  1/2000  (one-half  pound  to  the  thou- 
sand pounds)   of  the  capacity. 

Track  scales  should  be  kept  in  the  closest  possible  adjustment,  and 
a  scale  should  be  considered  inaccurate  when  it  cannot  be  adjusted. 
and  such  adjustment  maintained  to  within  two  (2)  pounds  to  one  thou- 
sand (1,000)  pounds,  in  excess  or  deficiency,  when  distributed  test  is  made 
with  two  or  more  test  loads.  When  only  concentrated  sectional  tests 
are  made,  the  maximum  error  for  any  position  of  the  test  load  should 
not  exceed  three  (3)  pounds  to  each  one  thousand  (1,000)  pounds  o 
load  used. 

(o)  Knife-edges,  pivots  and  bearing-steels  should  be  properly 
fitted,  and  so  mounted,  reinforced  and  designed  in  relation  to  flexure 
that  uniform  contact  and  pressure  will  be  secured  under  all  conditions  of 
loading.  The  angle  formed  at  contact  faces  of  knife-edges  and  pivots 
should  be  symmetrical  on  a  vertical  line  through  the  center  of  the  sec- 
tion. Bearings  should  be  self-aligning  wherever  practicable.  Knife- 
edges  should  be  fitted  in  machined  ways.  Pivots  and  bearing-steels 
should  be  so  fitted,  when  necessary  to  comply  with  the  requirements 
of  this  paragraph 
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(p)  Anti-friction  contacts  should  be  used  where  necessary  to  limit 
longitudinal  displacement  between  knife-edges  or  pivots  and  bearings, 
and  the  angle  formed  at  contact  faces  of  knife-edges  and  pivots  should 
be  symmetrical  on  a  vertical  line  through  the  center  of  the  section. 
They  should  be  smooth,  at  least  as  hard  as  the  parts  with '  which  they 
come  in  contact,  and  so  designed  as  to  provide  contact  at  a  point  on 
the  line  of  the  pivot  edge. 

To  reduce  friction  between  loops  and  levers,  the  friction  faces  of 
all  loops  should  be  flat,  instead  of  cone-shaped,  and  the  lever  equipped 
with  one-point  contacts  in  line  with  the  pivot  edge  (see  cut  under  Rule 
3(d)). 

3.     Capacity. 

(a)  The  capacity  of  a  scale  should  be  determined  by  the  weight 
of  the  heaviest  car  to  be  weighed  upon  it,  and  for  purposes  of  design 
a  scale  should  support  a  train  of  such  cars  passing  over  it,  plus  the 
dead  load,  without  stresses  being  developed  in  the  members  of  the  scale 
which  are  in  excess  of  those  specified  in  Section    (b). 

In  order  to  secure  a  measure  of  uniformity  and  avoid  a  multi- 
plicity of  designs,  due  to  different  assumptions  of  loading  and  because  of 
low  impact,  the  following  load  factors,  based  on  cars  in  train  or  coupled 
together,  may  be  used  for  four-section  scales  from  fifty  (50)  to  sixty- 
five  C65)  feet  in  length: 

Main    lever    25  per  cent. 

End   extension    lever 50  per  cent. 

Intermediate   extension    lever 100  per  cent. 

Transverse  extension   lever 200  per  cent. 

Shelf   lever    200  per  cent. 

Poise  beam    1 75  per  cent. 

Note  : — The  load  factor  is  the  percentage  of  the  capacity  of  the 
scale,  which  when  modified  by  the  multiplication  factor,  gives  the  load 
applied  to  t lie  respective  scale  members.  Manifestly,  therefore,  the  load 
factors  specified  above  are  theoretically  correct  under  the  definition  of 
"Capacity"  for  only  one  type  of  car  and  one  length  of  scale. 

(b)  Working  unit  stresses  per  square  inch  arc  as  follows: 


Nature  of  8ti 

In  in 

'  tastinga. 
Pounds 

1  illgB, 

Pounds 

\\  roiinlit 

Iron, 
I  '<  lunds 

Structural 
Steel, 
Pounds 

Steel  for  Knife 
Edges  and 

Mi'iirinRS, 
Pounds 

Tension 

( iompreaaion 

ii.lllll' 

Tension 

( k>mpn  -si. mi 
Shear 
Toi  lion 

I.S0Q 
8,000 

In. nun 

8,000 
10,000 
6,000 

8,000 

s.nim 

S.IMMI 

S.IMMI 
.'..0  HI 

1U.IXMI 

10,000 
10,000 

7.INH. 

7,000 

24.000 

M.000 

24,000 

Bearing  str<       pei    iquare  inch  <>u  Bted  pins  15,000  Iba 
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Unit  stress  per  square  inch  in  cross-bending  on  steel  pins,  15,000  lbs., 
assuming  the  center  of  bearing  of  strained  members  as  the  point  of 
application  of  load. 

Note: — It  may  be  permissible  to  modify  the  assumption,  as  above, 
where  the  unit  bearing  pressure  is  less  than  that  specified,  or  where  the 
pins  have  a  driving  fit.  In  these  cases  the  moment  arm  may  be  reduced 
by  assuming  the  points  of  application  of  the  load  a  sufficient  distance 
from  the  face  of  the  member  to  make  the  bearing  stresses  equal  to 
15,000  lbs.  per  square  inch. 

Bearing  per  linear  inch  of  knife  edge  not  to  exceed.  ..  .7000  lbs. 

Bearing  on  concrete,  per  square  inch 400  lbs. 

Maximum  deflection  at  any  point  of  lever,  resulting  from  the  load 
applied  at  the  intermediate  pivot  with  lever  supported  at  end  pivots  as  a 
simple  beam  and  measured  from  a  straight  line  joining  the  end  pivots 
should  not  exceed  .06  of  an  inch. 

(c)  In  the  design  of  loops  and  links  the  unit  stresses  should  not 
exceed  those  specified  in  Section  (b)  and  considering  the  end  of  the 
link   as   a   simple   beam,   its    section   at   the    point   of   maximum   bending 

W  1 

moment  should  be  determined  by  the  formula  —  (L — — ),  wherein  "\Y" 

4  2      . 

equals  the  maximum  load  to  apply  to  the  link  or  loop,  "L"  equals  the 
distance  between  the  center  lines  of  the  depending  sides  and  "1"  equals 
the  distance  over  which  load  is  distributed. 

(d)  Where  practicable,  knife-edges  and  pivots  should  be  supported 
their  full  length  by  integral  parts  of  the  levers.  The  supports  should 
be  of  such  design  as  to  carry  the  total  load  applied  to  the  knife-edges 
or  pivots  without  exceeding  unit  stresses  in  Section   (b). 

Where  impracticable  to  so  support  the  pivots,  the  bending  moments 
should  be  determined  as  follows : 

W"  —  Total  load  on  both  ends  of  pivot. 
L  =  Lever  arm  required. 
1  =  Bearing  surface  in  loop. 
T  —  Distance  between  friction  faces  of  loop. 
B  =  Width  of  boss  or  sustaining  member  enveloping  pivot. 
M    -Bending  moment  in  pivot. 

1 
Then  L  =  —  4-  T  —  B  +  Y4  in. 

2 
YVL     W  1 

And  M  =  — =  —       (  —  +  T  —  B  +  J4  in. 

2        2  2 
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High  carbon  steel  may  be  used  for  knife-edges,  pivots  and  bearings, 
but  for  enduring  wear  under  heavy  weighing  service,  special  alloy  steel 
possessing  the  following  physical  properties,  with  the  internal  strains 
relieved  by  drawing  after  hardening,  is  recommended: 

Ultimate,  tensile  strength 200,000  lbs.  per  sq.  in. 

Elastic    limit    165,000  lbs.  per  sq.  in. 

Elongation   in  2   in S  per  cent. 

Reduction    in    area 25  per  cent. 

Unit  stress   in   transverse  bending.   24,000  lbs.  per  sq.  in. 

(e)  Structural  steel  used  for  weigh-bridge  girders  and  for  the 
cross-girders  supporting  the  dead  rail  should  conform  to  the  specifica- 
tions for  steel  structures  as  adopted  by  the  American  Railway  Engineer- 
ing Association,  except  as  provided  in  Section  (b).  In  order  to  avoid 
distortion,  each  pair  of  weigh-bridge  girders  should  be  fabricated  com- 
plete with  sway  and  lateral  bracing  in  the  shop  under  proper  inspec- 
tion ;  where  this  method  is  impracticable  and  field  assembly  is  necessary, 
carh  pair  of  girders  should  be  placed  in  proper  alinement  and  the  brac- 
ing then  introduced  and  secured  by  bolts  or  rivets. 

In  Table  No.    1,   the   recommended  sections    for   Weigh-bridge   gird 
for  differing  lengths  and  capacities  of   four-section   scales   arc   tabulated. 
In   Table   No.  2,    recommended   lections    for   transverse  floor  beams    for 
varying  axle  loads  are  tabulated. 
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TABLE  2— TRANSVERSE  FL00RBEAM8 

Span  10'  clear,  11'  ('.  to  C.  bearings,  Dead  rail  offset  16" 
Floorbeama  2'  6'  C.  to  C. 
75  per  cent  of  axle  load  carried  by  one  beam 


Loads 


55.000 

eo.ooo 

75,000 


Live  Load 

MoIIH    lit  . 

Incli  Lbs. 
:-  1,000 


984.8 
1083.3 

1280  3 

1378.8 

1477.3 


Required 

Modulus 


73  9 
81.3 
88.6 

103.4 
110.8 


Alternative  Eioorbeam  Sections 


Bethlehem    Beams 


1-I5"x54# 

Girder 

Girder 
Girder 


Sec. 

Mod 


81  3 
81  3 

iir  a 

117  8 

117  a 

117.8 


1-I5"x60# 
1-I5'x60# 
2-16»x43# 
2-15*,x42# 

2-15"x42# 
2-15"x42# 


Mod. 


81.2 
81.2 
117  B 

11  B8 

1177v 
117 


Beams  in  pairs  to  be  spaced  12"  C.  to  C. 

(f)  Bids  for  scales  should  be  accompanied  by  detailed  specifications 
and  by  plans  showing  general  arrangements.  After  order  is  placed,  the 
manufacturer  will  also,  when  requested,  furnish  stress  sheets  and  plans 
showing  dimensions  of  levers  and  <>i  the  various  parts  of  the  scale  suffi- 
ciently in  detail   for  making  a  satisfactory  check. 

4.  Length. 

(a)  The  length  of  scales  should  be  considered  as  the  distance 
between  ends  of  scale  rail. 

(b)  The  ends  of  scale  rail  should  not  project  beyond  knife-edges 
of  the  end  main  levers. 

'  (c)  When  cars  are  to  be  weighed  spotted,  the  scale  rail  should 
be  of  sufficient  length  to  permit  the  entire  car  to  be  placed  on  the 
scale,  and  preferably  longer,  to  facilitate  spotting,  A  length  of  not 
less  than  fifty   (50)    feet  is  recommended. 

(d)  When  cars  are  to  be  weighed  in  motion,  the  speed  should 
not  exceed  four  (4)  miles  per  hour  and  each  car  should  be  entirely 
and  alone  on  the  scale  a  minimum  time  of  three  (3)  Seconds.  The  length 
of  scale  should  be  such  that  these  conditions  will  obtain  for  cars 
normally  weighed.  When  scales  are  of  such  design  or  length  as  not 
to  permit  the  above  speed,  cars  should  be  passed  over  the  scale  at  a 
lower  speed  or  be  spotted  if  necessary  to  secure  accurate  weights. 

5.  Location. 

The  proper  location  of  scales  depends  principally  on  the  follow- 
ing conditions : 

(a)  The  volume  of  traffic  to  be  weighed  in  comparison  with  that 
switched  over  the  scales   and  not  to  be  weighed. 

(b)  Whether  scale  is  to  be  equipped  with  dead  rail  or  relieving 
gear. 

I      Whether   nni-around   track  will  be  installed  for  switching  with 
separate   track    for   weighing. 
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(d)  Whether  cars  are  to  be  weighed  spotted  or  in  motion. 

(e)  The  cost  of  extra  switching,  when  scales  are  not  located  on 
lead  to  classification  track. 

(f)  Cost  of  maintenance  when  scale  is  located  on  lead  to  classifi- 
cation track  and  only  a  small  proportion  of  cars  are  to  be  weighed. 

(g)  The  necessity  for  quick  despatch  of  cars  that  are  weighed. 

Note  :— So  much  depends  on  local  conditions  affecting  the  differ- 
ent carriers  that  it  would  be  difficult  to  give  exact  rules  jn  connection 
with  the  above  suggestions.  It  is  recommended,  however,  that  there 
be  not  less  than  50  feet  of  tangent  track  at  each  end  of  scale  rails. 
When  only  a  small  proportion  of  cars  handled  are  to  be  weighed,  the 
rails  leaving  the  scale  in  the  direction  of  weighing  may  be  curved  and 
the  dead  rail  straight,  or  the  curvature  may  be  equalized  between 
them. 

6.  Grade. 

(a)  When  scales  are  located  on  lead  to  classification  tracks  in 
bump  yards  the)  shall  be  at  sufficient  elevation  that  cars  will  run  by 
gravity  as  Far  as  desired  into  classification  yard,  considering  a  maxi- 
mum speed  of    four  miles  per  hour  over  the  scales. 

(b)  The  distanci  rom  apex  of  hump  to  scale  should  b< 
such  that  the  speed  of  free-running  cars  with  varying  lengths  of  wheel 
base  will  be  automatically  controlled  without  brake  application,  so  that 
a  sped  of  four  (4)  miles  per  hour  will  not  be  exceeded  while  passing 
over  the  scale,  and  cars  should  be  so  spaced  that  the  weighing  period 
of   three    (3)    seconds   will   not  be   reduced. 

(c)  Scales  to  be  used  for  motion  weighing  should  be  constructed 
with  the  -rail  rails  on  a  grai  greater1  than  Ohe  per  cent.  The 
Weighing  mechanism  must  in  all  cases  be  installed  on  a  level  plane, 
with  supports  introduced  to  fix  the  weighing  rails  on  the  desired 
gradient. 

(d)  Where  it  i\  the  practice  for  one  car  rider  to  take  several 
cars  together  into  the  classification  track,  the  same  grade  as  on  the 
scale  should  he  maintained  for  at  least  100  and  preferably  200  feel 
beyond  the  scale  in  the  direction  oi  weighing,  so  that  cars  may  he 
sl'ippecl    ..rib.     by    ear    rider    and    thai     succeeding    ears    will    not    cause 

i\>     impact    when    striking    the    car    ahead,    which    should    occur    not 
car  length  from  scale. 

(e)  When  scales  are  installed  not  in  connection  with  humps,  the) 
should  l.e  at  sufficient  elevation  i"i  protection  against  surface  water 
li lei    io   prevent    impart   ..  and    facilitate  weighing,   it  is   also 

thai   there  1"    sufficient   elevation   t"  permit   cars  to  run  awaj 
gravity  aftei   being  weighed 

7.  Pit  and   Foundation. 

ia)       Mr       cale    pn      honl.l    be    C6T1   tTUCtSd    "I     Portland    cement    con 
i.e   masonn    laid    with    Portland   cement    mortar      It 
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should  be  designed  and  constructed  with  especial  care  to  prevent  settle- 
ment. 

(b)  The  bearing  areas  of  the  footings  of  the  different  parts  of 
the  pit  on  the  foundation  should  be  such  that  the  bearing  pressure 
per  square  foot  on  the  soil  will  be  uniform  throughout  and  not  exceed: 

For  fine  sand  or  clay 4,000  lbs.  per  sq.  ft. 

For  coarse  sand  and  gravel  or  hard  clay 6,000  lbs.  per  sq.  ft. 

For  large  boulders  or  solid  rock 20,000  lbs.  per  sq.  ft. 

If  the  soil  has  not  a  sale  bearing  capacity  equal  to  that  of  fine 
sand  or  clay,  its  bearing  capacity  should  be  increased;  by  drainage,  by 
adding  a  layer  of  gravel  or  broken  stone,  or  by  driving  piles. 

(c)  Concrete  should  be  composed  of  one  part  of  Portland  cement 
to  not  more  than  three  parts  of  sand  and  not  more  than  six  parts  of 
pebbles  or  crushed  stone.  The  qualities  of  the  materials  and  the 
methods  of  mixing  and  placing  the  concrete  should  be  in  accordance  with 
the  railroad  company's  specifications  for  first-class  concrete. 

(d)  The  tops  of  piers  and  of  parts  supporting  stands  or  other 
metal  parts  should  be  above  the  floor  of  the  pit  a  distance  sufficient  to 
prevent  the  accumulation  of  water  under  the  bearings.  The  tops  of 
piers  and  walls  supporting  parts  of  the  scale  or  superstructure  should 
be  finished  level  and  at  the  correct  elevation  without  the  use  of  shims 
or  grouting.  The  finishing  of  the  scale  stand  bearings  to  exact  level 
and  elevation  is  especially  important.  The  floor  of  the  pit  should  slope 
uniformly  to  the  drainage  outlet  and  should  not  be  less  than  six  inches 
thick. 

(e)  Where  necessary  to  prevent  seepage  of  water  through  founda- 
tions into  the  scale  pit,  they  should  be  waterproofed  and  drained  into 
a  waterproofed  cistern  located  outside  of  scale  pit  and  equipped  with 
either  hand  pump,  air  siphon  or  steam  siphon. 

(f)  Drainage  should  be  provided  in  all  cases  where  there  is  a 
possibility  of  water  getting  into  the  pit  and  where  excessive  seepage 
is  not  present  and  there  is  sufficient  fall,  pipe  drainage  should  be  used. 

(g)  A  minimum  period  of  10  days  should  elapse  between  the 
placing  of  last  concrete  and  the  putting  of  the  scale  in  service  to 
permit  proper  setting  of  concrete.  The  proper  setting  will  be  influ- 
enced by  the  prevailing  temperature  and  weather  conditions  during 
that  period,  and  this  should  be  given  due  consideration. 

(h)  The  masonry  should  extend  at  least  fifteen  (15)  feet,  and 
preferably  twenty-five  (25)  feet,  from  the  pit  face  of  the  end  wall 
at  the  approach  and  back  under  the  track,  to  preserve  line  and  surface 
of  approach  tracks,   which   is   difficult   when   ballast   is   used. 

The  longer  approach  walls  are  desirable  on  account  of  ballast 
beyond  them  giving  way,  thereby  making  it  difficult  to  keep  the  ap- 
proach rail  properly  anchored  at  the  scale  end. 

(i)  The  foundation  pit  should  be  of  ample  size  to  allow  freedom 
in  making  inspection  and  repairs,  and  access  to  it  should  be    from  the 
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side    if   practicable;    otherwise,    by   means    of    stairway    or    fixed    ladder 
from  scale-house. 

The  length  of  pit  inside  of  end  walls  should  be  not  less  than  two 
(2)   feet  greater  than  the  length  of  the  scale  parts. 

8.     Installation. 

(a)  Scales  should  be  installed  with  dead  rail  or  relieving  appa- 
ratus. 

(b)  The  deck  or  platform  should  be  of  the  fixed  type,  so  that 
the  balance  of  the  beam  will  be  least  affected  by  weather  conditions,  etc. 
It  should  be  made  as  nearly  dirt-  and  waterproof  as  possible. 

(c)  Scales  to  be  used  for  spot-weighing  should  be  constructed  with 
scale  rails  level,  and,  where  cars  are  weighed  coupled  together  at  one 
end,  rails  approaching  in  the  direction  of  weighing  should  be  in  the 
same  plane  with  scale  rails  for  a  distance  of  at  least  fifty  (50)   feet. 

(d)  Wedge  or  other  means  of  adjustment  used  between  bridge  and 
scale  supports  to  assure  proper  distribution  of  loading  should  be  set  as 
low  as  possible  when  scales  are  installed,  as  future  lining  usually 
requires  raising  bridge  rather  than  lowering  it. 

(e)  Scale  should  be  set  directly  on  foundations  or  on  metal  bed- 
plates resting  on  foundations.  The  surfaces  of  castings  which  bear  on 
masonry,  on  steel  members,  or  on  each  other  should  be  machined. 

(f)  Scale  parts,  where  necessary,  should  be  securely  anchored  to 
foundations,  and  it  is  desirable  that  means  of  slight  adjustment,  longi- 
tudinally and  transversely,  be  provided  for  properly  setting  scale,  inter- 
changing scales  in  the  same  pit,  etc.,  in  order  to  secure  perfect  free- 
dom of  action  for  all  parts  in  suspension. 

(g)  Supports  for  scale  beam  and  shelf  lever  should  rest  directly 
on  scale  foundation,  and  suitable  clearance  should  be  provided  between 
the  inside  of  the  scale  office  and  the  beam  supports  and  shelf.  (See 
Rule  2   (k)). 

(h)  The  use  of  extension  levers  between  transverse  extension 
lever  and  scale  beam  is  undesirable,  except  when  shelf  lever  is  used  for 
an  extension. 

(i)  To  prevent  interference,  proper  clearance  between  the  movable 
parts  and   the   adjacent   fixed   parts   should   Ik-   provided   and   maintained 

(j)  One-piece  scale  rails  are  desirable,  and  thej  should  be  ol 
adequate  section  for  supporting  the  load 

(k)  An  efficient  transfei  rail,  or  other  connection,  may  he  used 
to  prevenl  impact  of  cars  moving  over  joint  between  approach  and 
scale  rails,  Mieh  contrivance  to  be  so  designed  and  maintained  as  not  to 
interf<  re  with  th<   a<  tion  of  the  scale, 

(1)  Approach  and  scale  rails  mould  be  anchored  to  prevent  creep- 
ing  and   should  be  maintained,  in    proper   line   and    surfl 

When-  anti  ill  nol  prevenl  creeping  of  rails,  switch  points 

-honld   he   used 
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(m)  Scale  pits  should  be  heated  wherever  practicable  and  neces- 
sary to  prevent  freezing  and  to  keep  pit  dry,  thereby  preventing  rust 

(n)  Proper  ventilation  will  be  of  assistance  in  keeping  the  levers 
of  the  scale  and  the  scale  pit  dry.  However,  it  may  not  be  advantageous 
under  conditions  where  the  outside  air  entering  the  pit  contains  more 
moisture  than  the  air  in  the  pit,  or  is  warm  and  cooled  below  the  dew 
point  when  it  enters  the  relatively  cooler  pit.  thereby  causing  condensa- 
tion or  cold  sweating  of  the  scale  parts.  The  method  of  ventilation, 
therefore,  should  be  such  that  these  conditions  may  be  controlled,  as 
far  as  practicable. 

(o)  Scale  pits  should  be  properly  lighted  for  purposes  of  clean- 
ing, inspection   and  testing. 

(p)  Scale  houses  should  be  constructed  at  track  scales  for  proper 
housing  and  protection  of  scale  beam  and  protection  of  weighmaster. 

(q)  The  interior  and  exterior  of  scale  houses  should  be  amply 
and  properly  lighted  to  afford  proper  facilities  for  weighing  and  the 
prevention  of  mistakes  in  reading  scale  beam,  car  numbers  and  sten- 
ciled light  weights.  This  applies  more  especially  where  cars  are  weighed 
at  night. 

9.     Maintenance  and  Operation. 

(a)  All  track  scales  should  be  numbered  and  referred  to  by  num- 
ber and  location. 

(b)  Extensive  repairs  to  scales,  such  as  renewal  of  or  sharpening 
of  pivots,  should  be  made  in  properly  appointed  shop. 

(c)  When  scales  are  in  service  regularly,  scale  parts,  substruc- 
ture and  foundations  should  be  cleaned  at  least  twice  a  month,  and 
when  exposed  to  the  elements,  or  otherwise  so  located  that  they  are 
liable  to  become  clogged  with  ice  or  dirt,  should  be  cleaned  oftener,  if 
necessary. 

(d)  The  application  of  rust  preventives  to  bearings  is  desirable, 
but  they  should  be  so  applied  as  not  to  interfere  with  the  proper  work- 
ing of  scale. 

(e)  If  ice  obstructs  the  levers,  salt  should  not  be  used  to  inelt 
it ;  artificial  heat  should  be  used  wherever  practicable. 

(f)  Equipment  should  not  be  allowed  to  stand  on  the  scales, 
except   when  being  weighed. 

(g)  Engines  or  other  equipment  not  to  be  weighed  should  not  be 
passed  over  the  scale  rail,  except  on  authority  of  the  department  having 
supervision  over  the  installation  and  maintenance  of  scales. 

(h)  Tars  should  not  be  bumped  off  scales  by  engine  or  another 
car  on  the  dead  rail,  nor  be  pulled  across  the  scale  coupled  to  another 
car  moving  over  the  dead  rail. 

(i)  Enginemen  should  not  apply  sand  to  scale  or  dead  rail,  nor 
should  the  injector  on  engine  be  applied  when  engine  is  standing  on 
or  passing  over  scale. 
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The  slipping  of  engine  drivers  on  either  scale  or  dead  rail  is  in- 
jurious to  the  structure  and  should  be  avoided  whenever  possible. 

(j)  The  weighing  beam  should  be  balanced  before  the  scale  is 
used  and  when  not  in  use  should  be  locked  with  beam  catch. 

(k)  Cars  should  not  be  violently  stopped  on  scale  by  impact,  by 
the  sudden  application  of  brakes  or  by  throwing  obstructions  under 
the  wheels.  When  pushing  cars  off  scale  which  have  been  stopped 
for  weighing  or  otherwise,  impact  must  not  occur  at  a  speed  greater 
than  two  miles  per  hour.  When  necessary  for  any  reason  to  run  cars 
over  scale  rails,  the  speed  must  not  exceed  four  (4)  miles  per  hour. 

(1)  The  weighmaster  should  familiarize  himself  with  construction 
of  scale  and  make  such  inspections  at  such  intervals  as  are  necessary 
to  determine  if  scale  is  in  proper  working  condition. 

(m)  Persons  appointed  to  inspect  and  clean  scales  should  be  prop- 
erly instructed,  and  it  is  desirable  that  they  be  present  with  the  scale 
inspector  when  scales  are  tested. 

(n)  Scales  and  structural  steel  should  be  cleaned  and  painted  with 
one  coat  of  red  lead  paint  before  installation,  one  coat  after  installa- 
tion, and  at  such  other  times  as  may  be  necessary. 

10.     Testing. 

(a)  The  standards  of  mass  for  testing  scales  should  be  derived 
from  primary  weights,  verified  by  the  U.  S.  Bureau  of  Standards, 
Washington,  D.  C,  to  within  what  is  known  as  their  "Class  B  Toler- 
ance." Such  weights  can  be  obtained  either  direct  or  through  scale 
manufacturers.  The  50-pound  secondary  or  working  cast-iron  weights, 
which  are  transported  from  place  to  place  and  used  directly  iti  testing 
scales,  should  be  rectangular,  and  of  such  design  as  to  facilitate  stack- 
ing ;  they  should  lie  tree  from  pockets,  blowholes,  etc.,  which  arc  liable 
to  catch  and  hold  foreign  matter.  No  adjusting  cavity  oi  cavities  in  the 
bottom  of  the  weights  should  be  permitted. 

These  weights  should  be  properly  painted,  surfaces  maintained  in 
good  condition,  and  be  tested  and  adjusted  in  comparison  with  master- 
weight  which  has  been  verified  to  within  "Class  C  Tolerance"  (U.  S. 
Bureau  of  Standards).  The  working  weights  shall  be  adjusted  to 
within  25  grains  and  maintained  to  within  100  grains  of  their  true 
values. 

Note: — The  standards    for  testing   scales  in  the  Republic  of   Mexico 
must    be    in   accordance   with    the    metric    system    standards    and    will    be 
Verified    by    a    Federal    scale    inspector    in    accordance    with    the    Fi 
laws. 

(h)  Track  scales  in  regular  en-  weighing  service  should  he  tested 
at  least  every  three  months  with  tes!  car  or  test   weights  weighing  not 

than  thirtj   thousand   (30,000)   pounds. 

(c)  Scales  when  installed,  and  periodicallj  thereafter,  should  be 
given  .i  graduated  tcsl  with  two  <>i  more  tcsl  loads  up  to  tin-  weight 
<>i    the    heaviest    cars    normally    weighed      The    nec<  the    fre 
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quency  of  such  a  test  depends  on  the  design,  capacity  and  method  of 
installation  of  the  scale  used,  the  wear  of  scale  pivots,  and  the  amount 
of   weighing   performed. 

(d)  Where  frequent  tests  cannot  be  made  in  accordance  with 
paragraph  (c)  a  test  should  be  made  each  week  by  weighing  a  heavily 
loaded  freight  car  with  as  short  a  wheel  base  as  is  obtainable,  on 
each  end  and  center  of  scales.  When  scale  is  equipped  with  automatic 
weighing  attachment  the  car  should,  in  addition  to  the  above,  be  weighed 
spotted  on  trip  end  of  scale  and  in  motion  with  automatic  attachment 
connected.  A  report  of  these  tests  should  be  sent  to  officer  in  charge 
of  scales  and  weighing. 

(e)  In  addition  to  the  above,  a  daily  test  should  also  be  made  on 
each  scale  equipped  with  automatic  attachment,  by  weighing  a  car  spotted 
on  trip  end  of  scale  with  beam,  also  in  motion  with  automatic  attachment 
connected.  A  book  record  of  this  and  other  tests  is  to  be  kept  by 
weighmaster. 

11.     Automatic   Weighing  and   Recording   Devices. 

Efficient  automatic  weighing  and  recording  devices  may  be  used 
where  desired.  There  has  been  in  the  past,  however,  and  may  be  at 
present,  an  impression  by  some  that  the  automatic  weigher  and  recorder 
will  overcome  all  outside  influence  and  give  correct  results  regardless 
of  scale  and  track  conditions  and  speed  at  which  cars  are  handled  over 
the  scale.  This  is  an  erroneous  impression,  as  it  is  absolutely  necessary 
I  hat  the  scale  and  the  automatic  device,  as  well,  be  in  first-class  condi- 
tion, with  properly  maintained  approach  tracks,  and  cars  must  be  run 
at  a  slow  rate  of  speed,  with  particular  attention  to  steadiness  of  motion 
if  best  results  are  to  be  obtained. 

In  addition  to  the  above  track  scale  specifications  and  rules,  your 
Committee  offers  as  information  the  following  rules  and  specification^ 
covering  equipment  for  testing  track  scales,  which  were  prepared  by 
the  Sub-Committee  on  Standards  of  the  American  Railway  Association 
and  which  have  been  adopted  by  that  association.  Your  Committee  has 
not  yet  made  any  study  on  equipment  for  testing  track  scales  and  is 
therefore  not  prepared  at  this  time  to  recommend  the  adoption  of  the 
following  rules,  nor  the  printing  of  them  in  the  Manual : 

EQUIPMEN1    FOR    TESTING. 

It  is  desirable  for  verifying  or  sealing  test  weights  and  test  cars 
to  have,  in  addition  to  standards  of  mass  prescribed  above : 

(a)  An  accurate  even  arm  balance  of  100  lbs.  capacity  in  each  pan, 
sensitive  when  loaded  to  two  grains. 

(b)  A  master  scale  of  sufficient  length  and  capacity  for  sealing 
test  weight  cars  should  be  installed  under  cover,  at  a  location  as  free 
from  vibrations,  resulting  from  machinery,  train  or  other  causes,  as 
possible.     The    use   of   it    should   be   limited    to    the   verification   of   test 
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cars  or  for  other  special  weighing,  where  extreme  accuracy  is  required. 
It  should  not  be  used  for  general  weighing  purposes,  nor  be  run  over 
with  cars  or  material  not  to  be  weighed.  A  scale  of  the  two-section 
track  scale  type  is  recommended. 

(c)  The  length  of  weighing  rail  should  be  sufficient  to  weigh  in 
one  operation  test  cars  in  use  or  contemplated.  Scale  with  weighing 
rail  not  less  than  ten  (10)  feet  in  length  is  recommended.  The  approach 
rails  to  master  scale  should  be  on  a  tangent  for  a  distance  slightly  in 
excess  of  the  longest  wheel  base  cars  to  be  weighed  on  the  scale.  To 
facilitate  test  with  equipment  such  as  is  used  by  the  Bureau  of  Stand- 
ards, the  tangent  on  at  least  one  approach  should  not  be  less  than 
fifty  (50)    feet. 

(d)  The  capacity  of  scale  should  be  determined  by  the  heaviest 
load  to  be  weighed  upon  it  when  concentrated  on  a  five- (5) -foot  wheel 
base  without  stresses  being  developed  in  the  parts  of  scale  in  excess 
of  those  specified  in  Section  3  (b),  (c)  and  (d).  A  scale  of  not  less 
than  one  hundred  thousand  (100,000)  pounds  is  recommended. 

(e)  Scale  should  be  equipped  with  single  beam  with  capacity  not 
to  exceed  ore  thousand  (1,000)  pounds,  the  value  of  minimum  gradua- 
tions not  to  exceed  five  (5)  pounds.  Multiplication  at  butt  of  beam 
100  to  1,  multiplication  of  the  beam  10  to  1,  and  ratio  of  counter- 
weights 1,000  to  1  are  recommended. 

(f)  The  angular  movement  of  the  beam  should  be  limited  by 
the  trig-loop,  and  should  be  two  (2)  per  cent,  of  the  distance  between 
the  trig-loop  and  the  fulcrum  knife-edge.  The  sensibility  reciprocal 
should  correspond  to  fifty  (50)  per  cent,  of  the  angular  movement  of 
the  beam. 

The  sensibility  reciprocal  should  never  be  greater  than  ten  pounds, 
and  for  a  new  scale  should  not  be  greater  than  five  (5)   pounds. 

(g)  Master  scale,  when  installed,  and  at  least  once  each  year 
thereafter,  should  he  given  a  graduated  test  up  to  the  weight  of  the 
heaviest   loads  to  he  weighed  upon  it   (preferably  to   full  capacity). 

Scale  should  be  capable  of  adjustment  and  maintenance  to  within  a 
tolerance  on  leverage  ratio  of  one  (1)  part  in  ten  thousand  (10,000). 

Tolerance  on  counter-poise  weights  is  as  follows: 
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(h)  To  facilitate  calibration  of  master  scales,  the  use  of  special 
weights  heavier  than  the  usual  fifty- (50) -pound  commercial  test  weights 
are  desirable. 

Tolerance  of  weights  weighing  respectively  2,500,  5,000  and  10,000 
lbs.  is  as  follows : 

Weight  Tolerance 

Lbs.  Grains.       Lbs. 

2,500 440  .063 

5,000 650  .093 

10,000 975  .139 

(i)  Master  scales  should  be  kept  clean,  dry  and  free  from  rust, 
and  it  is  recommended  that  this  work  be  looked  after  only  by  an 
experienced  scale  man. 

Note:— Rules  2  of  above  specifications  for  track  scales  (b),  (c), 
(0,  (g),  (h).  (Oi  (J.  except  first  paragraph),  (k),  (n,  first  para- 
graph), (o)  and  (p);  Rule  3  (b),  (c),  (d),  (e)  and  (f)  ;  Rule  4  (a) 
and  (b);  Rule  7  (a),  (b),  (c),  (d),  (e),  (f)  and  (h)  ;  Rule  8  (b), 
(d),  (e),  (f),  (g),  (h),  (i),  (j),  (k),  (1),  (m),  (n),  (o)  and  (p)  ; 
Rule  9  (b),  (d),  (f),  (j),  (k)  and  (n)  apply  also  to  master  scales  as 
well  as  track  scales,  but  it  should  not  be  overlooked  that  extraordinary 
care  is  necessary  in  the  design  and  installation  of  master  scales,  and 
preparation  of  foundations  to  insure  stability,  in  order  that  scales  will 
meet  the  sensibility  and  tolerance  requirements  specified  above  and 
consistently  hold  their  adjustment  as  determined  by  repeated  weighings. 

Scale  Test  Cars. 

(a)  For  general  track-scale  testing,  test  cars  should  weigh  not  less 
than  a  total  of  thirty  thousand  (30,000)  lbs.,  nor  more  than  eighty 
thousand  (80,000)  lbs.  For  making  graduated  tests  and  to  simplify 
computations,  cars  weighing  eighty  thousand  (80,000)  lbs.  and  forty 
thousand  (40,000)  lbs.,  respectively,  are  suggested.  The  maximum 
weight  of  80,000  lbs.  is  suggested  principally  in  order  to  reduce  the 
number  of  restricted  movements  due  to  weight  limits  on  scales,  bridges, 
etc. 

(b)  Scale  test  cars  of  proper  design  should  have  the  following 
characteristics : 

1.  All-metal  construction. 

2.  Length  of  wheel  base  not  to  exceed  7  ft. 

3.  Load  distributed  uniformly  on  wheels. 

4.  No  unnecessary  ledges  or  projections  likely  to  catch  and  hold 
dirt. 

5.  No  unnecessary  parts. 

6.  Strength  and  durability,  so  that  frequent  repairs  will  not  be 
necessary. 

7.  Surface  area  reduced  as  much  as  possible,  to  limit  wind  pressure. 

8.  Accessibility  of  all   parts   for  inspection. 
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9.  Roller  or  ball  bearings  reduce  rolling  resistance,  thereby  provid- 
ing for  ease  of  movement  by  scale  inspector.  They  do  not  require 
sponging  and  repacking  of  journal  boxes,  which  materially  changes 
weight  of  test  car  between  periods  of  verification,  and  for  these  rea- 
sons are  preferable  to  journal  bearings. 

(c)  Test  cars  may  be  designed  with  body  of  solid  castings,  with 
space  provided  for  test  weights  or  other  material  to  increase  the  sealed 
or  verified  weight  a  comparatively  small  amount,  or  with  body  of  plate 
steel  with  space  for  test  weights  or  other  material  weighing  as  much 
as  the  car.  It  is  thought  that  car  of  the  former  type  will  better  meet 
the  requirements  under  Section    (b). 

(d)  When  supercargo  (consisting  of  tools,  overclothes,  etc.,)  is 
carried  in  test  car,  it  should  be  removed  when  the  weight  of  car  is 
being  verified  on  master  scale,  also  when  testing  track  scales.  To 
facilitate  handling  of  supercargo,  it  should  be  contained  in  a  removable 
steel  box,  properly  stenciled  to  show  that  it  is  not  a  part  of  the  test 
load.  There  should  be  stenciled  on  the  outside  of  each  of  the  doors 
of  the  compartment  in  which  this  box  is  carried  the  following  note: 

"This  box  contains  supercargo,  such  as  tools,  etc.,  used  for  adjust- 
ing track  scales,  and  must  be  taken  out  of  car  when  car  is  weighed 
on  master  scale  and  when  testing  track  scales." 

(e)  Scale  test  cars  should  be  moved  on  the  rear  end  of  trains, 
just  ahead  of  the  caboose. 

(f)  Scale  test  cars  should  not  be  kept  on  trains  in  yards  while 
the  latter  are  being  switched,  but  should  be  so  placed  that  rough  han- 
dling will  be  avoided.  In  no  case  should  these  cars  be  subjected  to 
impact  at  a  speed  greater  than  two  (2)  miles  per  hour. 

(g)  All  excess  weight,  resulting  from  the  accumulations  of  snow 
and  ice,  should  be  removed  from  scale  test  cars  before  they  are  placed 
on  scales  for  the  purpose  of  testing.  To  remove  this,  an  engine  with 
steam-hose  connections  may  be  used  to  thaw  it,  or  hydro-carbon,  where 
available,  may  be  employed  if  used  with  care. 

(h)  Oiling  and  repacking  of  test  cars  should  be  looked  after  while 
test  car  is  at  master  scale   Eor  verification, 

(i)  Scale  test  cars  should  be  verified  on  master  scale  at  least 
every  three    (3)    months,   or  after  each  general   tesl   trip. 

(j)  In  order  to  maintain  the  verified  weight  of  the  Male  test  cars 
at  all  times  no  repairs  of  any  nature  should  lie  made  while  in  transit, 
ur  boxes  sponged,  without  notifying  the  scale  inspector  in  charge  ol 
the  car,  in  order  that  he  may  he  presenl  to  det<  rmine  and  arrange  t<> 
take  care  of  any  difference  between  the  weight  oi  parts  applied  and 
ill..-  removed.  To  insure  compliance  with  this  rule,  then  should  be 
located  in  a  conspicuous  place,  so  th.u  it  can  he  read  from  either  side 

..i    the    car,    a    badge-plate    with    some    such    noli.  "Do    not    oil    oi 

repack    boxes    or    make    repairs    to    this    car    unless    directed    by    scale 
inspector." 
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(k)  In  case  a  scale  test  car  is  damaged  so  as  to  require  extensive 
or  heavy  repairs,  it  should  be  returned  to  the  master  scale  for  verifi- 
cation after  the   repairs  have  been  completed. 

CONCLUSIONS. 

Your  Committee   recommends : 

(1)  That  the  Catechism  of  Yard  Design  be  printed  in  the  Manual 
of  Recommended  Practice. 

(2)  That  the  Track  Scale  Specifications  and  Rules  be  adopted  and 
printed  in  the  Manual. 

(3)  That  the  rules  adopted  by  the  American  Railway  Association 
on  Equipment  for  Testing  Track  Scales  and  on  the  subject  of  Scale 
Test   Cars  be  received  as   information  and  printed   in   the   Proceeding- 

SUGGESTIONS   FOR  NEXT  YEAR'S  WORK. 

(1)  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and  submit  definite  recommendations  for  changes. 

(2)  Report  on  handling  of  freight  in  double-deck  freight  houses 
and  cost  of  operation.  Also  report  on  handling  of  freight  by  mechanical 
means. 

C3)  Continue  study  of  typical  situation  plans  of  passenger  stations 
and  methods  of  their  operation. 

(4)  Report  on  classification  yards. 

Respectfully  submitted, 
The  Committee  on  Yards  and  Terminals 


Appendix  A. 

TRACK  SCALE  LOAD  FACTORS. 

DISCUSSION  OF  THE  REPORT  OF  COMMITTEE  XIV— YARDS 
AND  TERMINALS. 

By  O.  E.  Selby, 

Principal   Assistant    Engineer,    Cleveland,    Cincinnati,    Chicago    &    St. 

Louis  Railway. 

The  adoption  of  the  constant  live  load  factor  for  inner  section  main 
levers  (0.25)  and  the  dependent  factors  for  extension  levers  contained  in 
Article  3  (a)  of  "the  specifications  submitted  by  the  Committee  seems  to 
the  writer  not  to  be  justified. 

The  live  load  factor  (which  is  a  term  originated  by  the  Bureau  of 
Standards)  depends  on  only  two  things:  the  distance  between  centers  of 
scale  sections,  and  the  axle  spacing  of  the  car  load  considered.  Any 
particular  factor  can  be  correct  for  only  one  combination  of  scale  length 
and  axle  spacing.  It  happens  that  the  one  recommended  is  not  correct 
for  the  usual  scale  lengths  or  the  axle  spacing  of  typical  cars.  The 
adoption  of  one  load  factor  for  scales  of  all  lengths  within  the  limit? 
given  would  nullify,  or  rather  render  fictitious,  the  definition  of  capacity 
given  in  Article  3  (a).  This  definition  is  strictly  correct  when  the 
correct  load  factors  are  used,  and  gives  the  real  usable  car  load  capacity 
of  the  scale  for  such  cars  as  are  in  common  use.  The  use  of  the  factor 
0.25  would  amount  to  the  fixing  of  the  definition  of  capacity  as  twice 
the  section  capacity,  and  such  a  definition  would  give  little  clew  to  the 
real  car  load  capacity.  A  glance  at  columns  6  and  8  of  Table  No.  1 
in  the  Committee's  report  will  show  the  comparison  between  the  fictitious 
capacity  fixed  by  the  0.25  factor  and  the  real  capacity  in  terms  of  the 
U.  S.  Bureau  of  Standards  representative  car. 

The  writer  is  familiar  with  the  course  of  the  discussions  between 
this  Committee  and  the  corresponding  committee  of  the  American  Rail- 
way Association  which  resulted  in  the  recommendation  of  this  load 
factor  (and  the  dependent  factors  for  extension  levers)  with  the  ex 
plana  tor)  note.  The  arguments  in  its  favor  which  are  discussed  herein 
may  therefore  be  considered  to  be  those  presented  by  the  American 
Railway  Association  committee. 

The   principal   arguments   advanced   in    favor  of   the  0.25    factor   are: 

(a)  The  Joad  factors  derived  from  ftvo  cars  couf>lt 'd  do  n<>t  n 
sent  a  weighing  condition  <"(</  smaller  factors  obtain  while  cars  art 
being  weighed.  The  answer  to  this  is  thai  bj  the  definition  of  capacit) 
the  use  made  of  load  factors  is  to  determine  the  stresses  <\i-tinK  in  the 
parts  undci  service  conditions  and  to  proportion  the  parts  to  resist  those 
tr<  ■  The  fact  of  weighing  or  rtol  weighing  has  nothing  to  do  with 
the  magnitude  of  the  stresses  oi  the  safetj  oi  the  structure  Vccuracj 
of  weighing  depends  on  many  things  beside  the  stresses  jn  the  pari 
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(b)  Scales  proportioned  for  the  0.25  factor  have  given  satisfactory 
service.  So  have  bridges  given  satisfactory  service  under  loads  greater 
than  those  for  which  they  were  proportioned.  There  necessarily  is  a 
margin  between  proportions  which  are  just  sufficient  for  acceptable 
results  and  those  which  are  ample  for  all  conditions.  If  the  margin  is 
too  great  it  should  be  reduced  by  raising  the  unit  stresses;  not  by  pro- 
portioning for  fictitious  loads. 

(c)  The  use  of  the  correct  load  factor  would  increase  the  cost  of 
scales  unduly.  This  argument  proceeds  from  motives  of  expediency 
and  should  not  have  any  weight  for  that  reason,  even  if  it  had  any 
truth  back  of  it.  A  little  reflection  will  show  that  the  cost  of  a  scale 
of  given  size  and  proportions  would  not  be  increased  or  diminished  one 
cent  by  any  change  in  the  method  of  figuring  its  capacity,  and  certainly 
self-deception  as  to  the  amount  of  scale  capacity  received  for  a  certain 
number  of  dollars  will  not  save  any  money. 

(d)  The  use  of  the  correct  factors  would  rule  oat  scales  now  in 
service  and  scales  on  the  market  which  give  results  within  the  prescribed 
tolerances.  The  purpose  of  the  specifications  is  to  design  new  scales, 
not  to  pass  upon  the  sufficiency  of  old  ones.  That  will  be  taken  care  of 
by  the  Bureau  of  Standards  by  the  methods  so  happily  set  forth  in  its 
circular  on  capacity  rating.  Even  the  conceded  existence  of  scale 
installations  which  are  not  up  to  their  alleged  capacity  should  not  be 
a  bar  to  progress  in  the  correct  design  and  installation  of  scales  any 
more  than  the  existence  of  light  bridges  or  insufficient  clearances  should 
bar  the  introduction  of  heavier  bridges  or  liberal  clearances.  As  to 
scales  on  the  market,  the  argument  may  be  dismissed  with  the  statement 
that  nothing  would  be  changed  about  the  scales  or  their  price,  but  that 
the  truth  would  have  to  be  told  about  their  capacity. 

(e)  It  is  desirable  to  have  one  load  factor  for  scales  of  all  lengths 
to  simplify  design  and  standardize  manufacture.  To  answer  this,  it  is 
sufficient  to  point  to  the  action  of  the  recently  formed  Scale  Manufac- 
turers' Association — than  whom  none  could  be  more  interested.  This 
body  proposes  to  simplify  design  and  standardize  manufacture  by  con- 
fining the  marketing  of  scales  to  those  of  three  standard  section  capac- 
ities regardless  of  length.  The  question  of  usable  car  load  capacity  will 
ho  left  to  the  purchaser.  This  is  analogous  to  the  capacity  rating  of 
existing  scales  and  indicates  that  in  the  future  the  purchase  of  scales 
is  likely  to  be  ;t  matter  of  selection  rather  than  design. 

The  writer  advocates  the  use  of  the  correct  load  factor  for  each 
length  of  scale  based  on  the  Bureau  of  Standards  representative  car  for 
the   following  reasons: 

(1)      The    correct   factor    is    determined    by    an    extremely    simple   for- 
mula. 

The  Bureau  of  Standards  representative  car  has  two  four-wheel 
trucks    spaced    22    feet    between    centers,    truck    axles    5j4    feet    between 
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centers,  and  near  axles  of  adjacent  cars  6]4  feet  between  centers.  The 
greatest  load  on  an  inner  section  main  lever  occurs  when  one  of  the 
inner  axles   of   the  group  of   four   under  the   ends   of   adjacent  cars   is 

1^-6 

over  the  section.     For   this   position,    the   lever   reaction,    R  =  4W , 

L 
in  which  W  is  the  weight  on  one  wheel  and  L  is  the  distance  center  to 
center  of  sections,  limited  to  values  12  to  22  ft.  inclusive. 
R  L— 6 

The  load  factor,  = 

8W         2  L 
The  evaluation  of  this  factor  for  different  values  of  L  involves  only 
one    simple    division.     The   values    for   span   lengths    from    16   to   22    ft. 
inclusive  are  given  in  column  3  of  Table  A. 

(2)  The  resulting  proportions  will   be  correct  and  consistent  through- 

out all    parts. 

The  load  factor  is  simply  a  device  for  figuring  the  stresses.  It  is  in 
the  nature  of  a  formula;  the  use  of  an  incorrect  or  even  an  approxi- 
mate average  factor  would  give  incorrect  or  only  approximately  correct 
results. 

If  the  0.25  factor  is  used,  a  strict  following  of  the  definition  of 
capacity  would  result  in  the  proportioning  of  the  weighbridge  for  a 
heavier  car  load  than  for  the  scale  parts.  This  is  true  for  all  scales 
longer  than  36  ft.  between  centers  of  end  sections.  Scales  as  short  as 
36  ft.  are  not  to  be  considered. 

(3)  The   Bureau   of   Standards   representative   car  best  typifies   exist- 

ing   car    loads    and    approximates    probable    developments    in 

loading. 
The  typical  heavy  freight  car  on  all  roads  has  four-wheel  trucks. 
They  are  used  for  capacities  of  from  100,000  to  150,000  lbs.  They  vary 
greatly  in  length,  but  for  the  reason  that  the  criterion  for  maximum 
loading  on  the  scale  parts  involves  only  the  trucks  of  adjacent  cars,  the 
length  of  the  car  has  no  influence  on  the  load  factors  of  scales  up  to 
66  ft.  long.  The  spacing  of  the  truck  axles  in  different  cars  varies  only 
a  few  inches.  The  trucks  arc  placed  close  to  the  end  no  matter  what 
the  length  of  the  car,  and  the  resulting  distance  between  axles  of 
adjacent  cars  varies   little    from   the   distance  61/'.    ft.   adopted. 

Looking  at  future  developments  in  loading,  a  150,000  lbs.  capacity 
car  has  an  axle  load  of  nearly  54,000  lbs.  Probably  the  greatest  allow- 
able car  axle  load  will  be  60,000  lbs.,  requiring  a  120  tons  capacity 
scale,  This  will  be  attained  in  a  car  "i  80  to  85  tons  capacity  Greater 
car  capacity  must  be  obtained  by  tin-  use  of  six-wheel  trucks.  Such 
cars  arc  not  new.  The  Norfolk  &  Western  anil  Virginian  Railways 
have  coal  cars  for  capacities  of  ')()  trid  120  torn  respective!)     The 

York  Centra]  Railroad  has  1(H)  tons  capacity  flat  cars  and  110  tons 
i  apa<  it  v  will  cart. 
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From  the  characteristics  of  these  six-wheel  truck  cars,  we  may 
infer  the  direction  of  future  development.  In  the  Norfolk  &  Western 
and  Virginian  cars,  the  truck  axle  spacing  is  4  ft.  6  in.  and  the  spacing 
of  axles   of   adjacent  cars   is    7    ft.   6   in.   or   less.     Using   the    safe   and 

L— 8 

simple  figure  7  ft.,  the  inner  section  main  lever  reaction,  R  =  6W . 

L 
R         L— S 

The  load  factor,  = , 

12VV         2L 
in  which  L  must  not  he  smaller  than  16  ft. 

In  the  well  cars,  the  corresponding  spacings  are  5  ft.  4l/>  in.  and 
(average  of  5  and  S1/}  ft.)  5  ft.  3  in.  It  happens  that  these  dimensions 
give  the  same  reaction  and  load  factor  as  the  coal  cars  described  above. 
These  load  factors  are  given  in  column  4  of  Table  A.  They  are 
smaller  than  for  the  car  with  four-wheel  trucks,  which  means  that  for 
a  given  total  weight  of  car  and  contents,  the  six-wheel  truck  car  would 
produce  smaller  stresses  in  a  track  scale  than  the  four-wheel  truck  car. 
In  column  5  of  Table  A  are  given  the  ratios  of  the  load  factors  for 
4-wheel  and  6-wheel  truck  cars.  These  ratios  reveal  that,  for  example, 
a  scale  of  54  feet  between  centers  of  end  sections,  designed  for  the  4-wheel 
truck  car  would  carry  a  6-wheel  truck  car  of  20  per  cent,  greater  total 
weight  with  the  same  stresses.  For  the  usual  scale  lengths  of  from, 
say,  48  to  63  ft.  between  centers  of  end  sections,  the  ratios  in  column 
5  range  from  1.25  to  1.15  with  1.20  as  an  average. 

The  ratio  of  weights  of  existing  cars  of  the  two  types  is  about  the 
same  as  the  foregoing  average,  as  is  shown  by  the  following  com- 
parison : 

N.  &  W.  6-whecl  truck  car —  4-whcel  truck  car- 
Capacity    load    180,000      Capacity   load    150,000 

10   per   cent,    over   load 18,000       10   per   cent,    over    load 15,001) 

Weight  of  car,   say 60,000      Weight   of   car,   say 50,000 

Total   weight   258,000         Total  weighi    215,000 

The   ratio  258,000  H- 215,000  is  exactly   1.20,  indicating   that   if   future  in- 
crease in  both  types  is  proportionate,   the   Bureau   of   Standard*   repre 
tentative  cai    approximates    future   loading    for  usual   lengths  of   scales 
Even   if   the   future  development   goe     to  the  limit   of   equal  axle   loads 
Foi   both  typ<   ,  the  resulting  overloads  will  be  more  nearhj  uniform  foi 
scales  of  different  lengths  than  if  a  constanl  load   factor  is  used     This 
hown   by  examination  of  columns  7,  8,  and  9  of   Table   A      These 
columns   'how   the   percentages   oi    ovei  load   resulting    from    what   maj 
the    maximum    probable    development    in    car    loads    on 
designed  using  various   load    factoi        The   extreme  variation  ol 
the  ovei  load   p  is  only   13  win  n    the  correct   load   factoi 
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used,  while  it  is  41   with  the  constant  factor  0.25,  and  34  with  the  con- 
stant factor  0.30  which  has  been  suggested. 

(4)  The  standard  superstructure  sections  recommended  in  the  report 

are  consistent  with  and  based  upon  this  method. 
In  Table  No.  1  of  the  Committee's  report  the  weighbridge  girders 
are  proportioned  for  representative  car  loads  (column  8)  figured  back 
from  the  section  capacities,  taking  dead  load  into  account.  The  girders 
are  properly  proportioned  for  the  scales  of  which  they  form  a  part; 
they  would  not  be  if  they  were  proportioned  for  the  car  load  derived 
from  the  section  capacities  premised  and  the  constant  factor  0.25  pro- 
posed. 

(5)  Economy    and    conservation    of   effort   demand    the   use    of   a   few 

standard  designs  rather  than  a  multiplicity  of  individual 
fancies,  and  this  method  lends  itself  to  that  end. 

The  battle  of  the  rail  sections  has  been  re-enacted  recently  with  the 
manufacturers  and  the  purchasers  of  scales  as  the  opposing  forces.  It 
may  be  said  still  to  be  in  progress.  The  peace  offer  in  the  form  of 
three  standard  patterns  seems  to  the  writer  an  acceptable  one.  It 
offers,  for  any  desired  length,  a  choice  of  three  capacities.  For  ex- 
ample, for  a  51  ft.  scale,  the  purchaser  would  have  the  option  of  86, 
109,  and  148  tons  capacity.  Inasmuch  as  the  fixing  of  the  capacity 
desired  involves  considerable  speculation  as  to  the  future  needs,  the 
range  offered  seems  adequate.  The  objection  that  the  capacity  desired 
has  no  relation  to  the  length  desired  is  a  pertinent  one,  but  is  met 
by  the  fact  that  all  reasonable  requirements  are  filled  by  the  selection 
offered  except  those  for  scales  of  very  heavy  capacity  in  conjunction 
with  great  length.  Such  long  and  heavy  scales  would  be  of  infrequent 
demand  and  may  be  considered  special. 

A  better  range  of  choice  would  be  offered  by,  say,  four  sizes  with 
section  capacities  of  60,  75,  90,  and  105  tons.  These  sizes  would  vary 
from  each  other  by  uniform  intervals  and  would  enable  a  purchaser 
more  nearly  to  fit  his  requirements.  This  suggestion  does  not  depart 
from  the  principle  of  standard  sections,  but  rather  emphasizes  it. 

Conclusion. 

Inasmuch  as  the  definition  of  capacity  provides  for  correct  design 
without  mention  of  load  factors  and  load  factors  are  not  mentioned 
elsewhere  in  the  specifications,  the  omission  of  all  of  Article  3  (a) 
following  the  first  paragraph  would  remove  all  inconsistency  and  ground 
for  controversy. 

The  addition  of  some  matter  giving  information  as  to  the  use  ami 
development  of  load  factors  and  representative  car  loads  and  the  use 
of  standard  scale  sections  would  be  informative  and  a  help  to  the  pur- 
chaser, but  would  not  affect  the  principles  or  requirements  embodied  in 
the  specifications. 
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E.  H.  Lee,  Chairman;  C.   A.   Wilson,    Vice-Chairman; 

C.  Frank  Allen,  G.  E.  Gifford, 

S.  D.  Brady,  J.  C.  Irwin, 
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John  P.  Congdon,  A.  S.  Kent, 

Tims.  Earlk,  C.  J.  Parker, 

W.  D.  Faucette,  Committee. 

To   the  American  Railway  Engineering  Association: 

Your  Committee  on  Uniform  General  Contract  Forms  begs  to  submit 
the  following  report: 

The  Committee,  as  its  work  for  the  year  1917,  received  instructions 
as   follows : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and   submit  definite  recommendations  for  changes. 

2.  Report  on  Form  of  Agreement  for  Industry  Track. 

3.  Report  on  Forms  of  Agreements  for  Interlocking,  and  Railway 
Crossings,  conferring  with  Committee  on  Signals  and  Interlocking,  in- 
cluding rights  and   obligations  of  the  interested  companies. 

4.  Report  on  Form  of  Agreement  embodying  rules  governing  the 
construction  of  undercrossings  of  railways  with  electrical  conductors, 
conduits,  pipe  lines  and  drains,  conferring  with  Committee  on  Roadway 
and  Committee  on  Electricity.  (See  work  done  for  State  Public  Utilities 
Commission  of  Illinois.) 

5.  Report  on  Form  of  Lease  Agreement  for  Industrial  Site. 

(1)     REVISION   OF   MANUAL. 

The  Committee  has  no  recommendation  as  to  changes  in  the  subject- 
matter   now   in    the    Manual    under   the   heading   "Uniform   General    Con 
trad  forms. ' 

(2)  REPORT  ON  FORM  OF  AGREEMENT  FOR  INDUSTRY 

TRACK. 

The  preparation  of  a  Form  of  Agreement  for  Industry  Track  has 
recently  become  a  matter  of  interest  and  attention  before  a  number  of 
different  railway  associations.  Your  Committee  learned  thai  it  lias  been 
the  subject  of  consideration  ,,f  a  Committee  of  the  Railway  Develop- 
ment Association,  composed  of  representatives  of  industrial  Departments 
of  Railroads,  for  quite  an  extended  period.  It  has  also  recently  been 
undei  consideration  by  other  associations,  including  the  General  Mana 
gcrs'  Association  of  New  York,  and  by  the  Presidents  and  Executives 
of  tin    railroads  centering  in  Chicago. 

Members  of  our  Committee  present  .it   its  fust  meeting  of  thr 
renl     eason  in   New  York  City  fell   that  an  effort   should  be  ma 
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secure  joint  action  between  the  Railway  Development  Association  and 
our  Association  relative  lu  the  preparation  of  a  >tandard  Form  of 
Agreement  for  Industry  Track.  Arrangements  were  therefore  made 
for  joint  meetings  of  committees  of  the  two  associations.  Three  such 
meetings  have  been  held  and  the  Form  herewith  submitted  has  been 
agreed  upon  by  the  two  Committees  for  recommendation  to  their 
respective  associations. 

Members  of  the  Association  will  note,  in  the  form  of  agreement 
submitted  in  Appendix  B,  that  no  specific  provisions  relative  to  the 
bargain  to  be  made  between  the  Railroad  Company  and  the  Shipper 
as  to  division  of  expense,  or  ownership  of  track,  have  been  incorporated 
in  the  proposed  Form  of  Agreement.  These  are  left  open,  for  insertion 
at  the  option  of  each  Railroad  Company,  following  the  lines  of  the 
general  policy  which  it  may  adopt  relative  to  these  matters. 

A  recommendation  as  to  the  general  policy  to  be  adopted  by  the 
railroads  is  appended  to  the  agreement.  The  tendency  at  the  present 
time  is  undoubtedly  toward  requiring  the  Shipper  to  bear  all  the  expense 
of  the  construction  and  maintenance  of  the  industry  track  beyond  the 
clearance  line,  while  retaining-  in  the  Railroad  Company  the  ownership 
of  that  portion  of  the  track  located  upon  its  right-of-way.  This  general 
policy  has  already  been  adopted  in  many  parts  of  the  country,  while  in 
others  the  railroad  companies  have  not  yet  been  able  to  entirely  agree 
upon  it.  Its  uniform  adoption,  however,  in  so  far  as  practicable,  is  recom- 
mended for  the  whole  country  by  members  of  the  two  committees  acting 
as  a  Joint  Committee. 

(3)  REPORT  ON  FORM  OF  AGREEMENT  FOR  INTERLOCKING 

PLANT. 

Your  Committee  considered  this  Form  of  Agreement  at  three  of  its 
meetings,  and  also  discussed  it  with  a  Sub-Committee  of  the  Signal  and 
Interlocking  Committee  of  the  Association.  The  Form  of  Agreement  for 
Interlocking  Plant  herewith  submitted  is  the  result  of  action  taken  at 
these  various  meetings. 

Members  of  the  Association  will  note  that  in  the  submitted  Form  of 
Agreement  no  attempt  has  been  made  to  specify  a  basis  upon  which  the 
expense  for  construction,  maintenance  and  operation  should  be  divided, 
because  that  portion  of  the  agreement  is  part  of  the  consideration  which 
must  be  determined  in  each  case  by  negotiation  between  the  companies 
interested ;  and  because  conditions  vary  so  widely  in  different  parts  of 
the  country  that  no  specific  basis  for  apportioning  the  expense  has  been 
considered  feasible.  This  portion  of  the  agreement  is  therefore  left 
open  to  be  negotiated  and  written  into  the  agreement  in  each  case. 

The  articles   covering    Liability   and   Arbitration   are   incorporated   in 

tin    submitted    Form,    in    order   to   complete   the    same.     The    Committee 

ui/es   the    fact,   as    will   doubtless   also   members   of   the   Association, 

that  these  two  articles  arc  peculiarly  the  province  of  the  Legal   officers 
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of  the   railroads,   and   that  they  will  therefore  probably   be  modified   in 
many  cases,  to  meet  local  conditions,  et  cetera. 

(3-A)     REPORT   ON    FORM    OF   AGREEMENT    FOR    RAILROAD 

CROSSING. 

A  very  considerable  amount  of  work  has  been  done  in  connection 
with  the  preparation  of  this  Form  of  Agreement  by  members  of  the 
Committee,  but  the  Form  is  not  yet  ready  for  submission  to  the  Con- 
vention, and  your  Committee  therefore  wishes  to  report  progress. 

(4)  REPORT  ON  FORM  OF  AGREEMENT  EMBODYING  RULES 
GOVERNING  CONSTRUCTION  OF  UNDERCROSSING  OF 
RAILWAYS  WITH  ELECTRICAL  CONDUCTORS,  CONDUITS, 
ETC.,  and 

(5)  REPORT  ON  FORM  OF  LEASE  AGREEMENT  FOR  INDUS- 

TRIAL   SITE. 

The  attention  of  the  Committee  lias  been  so  fully  occupied  with 
other  Forms  of  Agreement  that  it  has  been  unable  during  the  current 
year  to  give  these  forms  consideration,  and  it  is  therefore  our  recom- 
mendation that  these  subjects  be  reassigned  for  future  consideration. 

Respectfully    submitted, 
The  Committee  on  Uniform  General  Contract   Forms. 


Appendix   A. 

A.  B.  &  C.  Railroad  Company. 

INDUSTRY  TRACK  AGREEMENT. 

THIS  AGREEMENT,  made  this day  of in  the  year. 


by    and    between 

party  of  the  first  part,  hereinafter  called  the  Railroad  Company,  and.... 

party  of  ihe  second  part,  hereinafter  called  the  Shipper: 

WITNESSETH : 

WHEREAS,  the  Shipper  desires  industry  track  facilities,  hereinafter 
called  sidetrack,   for  the  more  economical  and  convenient  conduct  of'^?s 

business,  at  or  near Station,  County  of , 

State  of ,  described  as  follows  : 

(Here  describe  length  and  exact  location  of  track.) 


in   accordance   with   plans   dated (Note: — If 

desired  insert  "identified  by  the  signature  of ") 

hereto  attached  and  hereby  made  a  part  hereof;  and 

WHEREAS,  the  operation  of  cars  and  engines  over  said  sidetrack 
at  other  than  the  regularly  established  station  facilities  of  the  Railroad 
Company  involves  the  risk  of  damage  to  or  destruction  of  property  and 
injury  to  or  death  of  persons; 

Now,  therefore,  in  consideration  (Note: — If  necessary  insert  one 
($1)  dollar,  etc.)  of  the  above  premises,  the  covenants  and  agreements 
herein  contained  to  be  kept  and  performed  by  the  parties  hereto,  and  of 
the  payments  hereinafter  to  be  made,  it  is  mutually  agreed  that  the  said 

352 
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sidetrack  shall  be  constructed  and  maintained,  and  the  Railroad  Com- 
pany hereby  agrees  to  operate  the  same,  under  the  following  terms  and 
conditions : 

Right-of.Way. 

1.  The  Shipper  shall  furnish  at  ^  own  expense  all  necessary 
right-of-way  outside  of  the  right-of-way  of  the  Railroad  Company,  re- 
quired for  the  proper  construction  and  operation   of  said   sidetrack,   said 

right-of-way  to  be  satisfactory  to  the of  the 

Railroad  Company. 

The  cost  and  expense  of  procuring  or  complying  with  any  or- 
dinance, order,  permit  or  consent  whatsoever  required  by  Municipal, 
State,  or  other  lawfully  constituted  authorities  for  the  construction, 
operation,  maintenance  and  use  of  said  sidetrack  shall  be  borne  by  the 
Shipper. 

During  the  continuance  of  this  agreement  the  Railroad  Company 
shall  have  the  right  at  all  times  to  enter  upon  the  property  of  the 
Shipper,  for  the  purpose  of  constructing,  maintaining  and  operating 
said  sidetrack. 

Construction. 

2.  The   actual   cost    of   constructing   said    sidetrack,    including    road 
bed,   trestles,   bridges,   and   all    other   appurtenances   in    connection    there- 
with, shall  be  borne  as  follows: 

(Herein  insert  details  covering  terms  and  conditions  as  to  fur- 
nishing labor  and  material  and  division  of  expense  as  agreed  upon.) 


(Note:    If  desired   instil   "The   Shipper   shall  also  assume   tb<    e* 
i"  M  •   df  recording  this  agreement.'*) 

Maintenance. 

J.    Said    sidetrack   shall    be   maintained   and    renewed   to   the   satis 

faction  tit  the pf  the  Railroad  Company;  the 

w«»rk  shall  be  performed  and  ib    •  <>-i  tin  reof  borne  as  Follows 
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(Herein   insert  details.) 


Ownership. 

4.     The    title    and    ownership    of    said    sidetrack    shall    he    vested    as 
follows  : 

(Herein   insert  details.) 


Use. 

5.  The  Railroad  Company  shall  have  the  right  to  use,  without  cost, 
the  whole  or  any  part  of  said  sidetrack  for  general  railroad  purposes, 
provided  such  use  shall  not  unreasonably  interfere  with  the  use  thereof 
by  the  Shipper. 

The  Shipper  agrees  that  £  will  not  permit  or  authorize  the  use  of 
said  sidetrack  by  or  for  the  benefit  of  any  other  person,  firm  or  cor- 
poration not  one  of  the  parties  hereto,  nor  assign  this  contract  or  any 
rights  thereunder,  without  the  written  consent  of  the  Railroad  Com- 
pany. 

Changes  or   Enlargement. 

6.  1 1  any  change,  rearrangement,  extension  or  enlargement  of  said 
sidetrack  or  its  structures  shall  at  any  time  be  required  by  reason  of 
any  change  in  the  Railroad  Company's  track  or  tracks,  or  because  of 
any  changes  in  the  operating  practice  of  the  Railroad,  or  for  any  other 
cause,  all  expense  resulting  therefrom  shall  be  borne  by  the  Shipper, 
unless   Otherwise   mutually  agreed   by  the   parties   hereto. 
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Clearances. 

7.  The  Shipper  shall  not  erect  nor  permit  to  be  erected  any  building 
or   structure,    nor   permit    any    material    to   be    placed   above    top   of    rail 

within ( )    feet   of  the   nearest   rail  of   said   sidetrack 

on   straight    track,    or    within ( )    feet    on    curve,    nor 

permit  anything  to  be  placed  above  said  sidetrack  lower  than  a  height 
of ( )    feet  above  the  top  of  rail. 

Accidents. 

8.  The  Shipper  agrees  to  exercise  the  greatest  care  in  the  use  of 
said  sidetrack  to  prevent  cars  or  other  obstructions  from  getting  upon 
or  too  close  to  main  or  other  tracks  and  generally  to  use  such  means 
and  care  as  will  avoid  accidents  of  every  kind. 

Liability. 

9.  The  Shipper  hereby  agrees  to  indemnify,  protect,  and  save  harm- 
less the  Railroad  Company  for  loss  of,  damage  to,  or  destruction  of  ^ 
property,  or  the  property  of  any  other  person  or  persons  upon  the 
premises  of  the  Shipper  by  ^  request  or  consent,  whether  by  fire  or 
otherwise,  or  of  death  or  injury  to  any  person  or  persons  (except  where 
it  can  be  shown  that  such  death  or  injury  to  person  or  persons  was 
due  solely  to  negligence  on  the  part  of  employees  of  the  Railroad  Com- 
pany) arising  out  of  the  construction,  maintenance,  use  or  operation  of 
said  sidetrack. 

Discontinuance. 

10.  The  Shipper  shall  assume  and  bear  any  and  all  loss  or  damage 
sustained  by  "'"  in  consequence  of  any  temporary  or  permanent  elim- 
ination of  said  sidetrack,  due  t<>  the  relocation  or  change  in  the  grade 
of  the  track  or  tracks  of  the  Railroad  Company  by  virtue  of  any  mu- 
nicipal action  or  otherwise,  or  in  event  the  disposition  of  the  property 
of   the   Railroad   Company   or   its    future   use   or  development   shall   make 

it  impracticable  in  the  judgment  of  the of  the  Railroad 

Company  to  continue  the  connection,  and  the  Shipper  hereby  waives  an) 
and  all  claims  therefor. 

Cancellation,   Termination    and    Removal. 

11.  It   is   expressly   understood    and    agreed    that    if    for   the   space 

of consecutive   months    said    plant    be    not    operated,    unless   pre 

Mined  |,\  ,t  striki  "i  strikes,  oi  if  the  title  to  said  plant  ben. me  vested 
in  or  the  operation  thereof  l"  trail  fcrred  to  iom<  part]  other  than  the 
Shipper,  or  if  am  othci  partj  operating  said  plant  refuses  i,>  adopt 
this  agreement  and  to  agree  in  writing  to  be  bound  thereby,  or  if  the 
Shipper   fails   to  keep  and   perform   any  of   the  covenants,   agreements, 

term  .  ndition,  hereinbefore  set   forth  to  be  by  '"J1,1    kept  and  p.; 

formed,  then  the  Railroad  Companj   reserves  the  right  to  terminate  this 

•  hi.  lit  upon days'  written  notice  t<>  tin-  Shippei 
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Upon  termination  of  this  •  agreement  the  Railroad  Company  shall 
have  the  right  to  enter  upon  the  property  of  the  Shipper  and  take  up 
and  remove  any  or  all  of  the  material  owned  by  the  Railroad  Company 
as  aforesaid,  and  shall  not  be  liable  to  account  in  any  way  to  anyone 
for  any  monies  paid  or  expended  on  account  of  any  of  the  track  or 
tracks  covered  by  this  agreement,  nor  for  any  damages  resulting  from 
the  removal  of  the  track  or  tracks  owned  by  the  Railroad  Company  as 
aforesaid. 

Until  terminated  as  hereinbefore  provided,  this  agreement  shall 
inure  to  the  benefit  of  and  be  binding  upon  the  parties  hereto,  their 
heirs,  executors,  administrators,  successors  and  assigns. 

IN    WITNESS   WHEREOF,   the  parties   hereto   have   executed  this 

agreement  in the  day  and  year  first  above  written. 

Railroad  Company 

By 

Witness  for  Railroad  Company 


(Shipper) 
By... 
Witness  for  Shipper 


Appendix   B. 

RECOMMENDATION. 

Basis  for  Division  of  Cost  of  Construction   and   Maintenance,   and 
Ownership  of  Industry  Tracks. 

After  leaving  the  right-of-way  of  the  Railroad  Company,  all  respon- 
sibilities of  the  Company  as  a  common  carrier  cease  and  in  going  beyond 
the  right-of-way,  the  Railroad  Company  becomes  the  Agent  of  the  Ship- 
per in  the  operation  of  said  sidetrack,  thereby  contributing  to  the 
economical  operation  and  efficiency  of  its  plant.  This  fundamental  prin- 
ciple should,  therefore,  be  considered  in  determining  the  basis  for  divid- 
ing the  cost  of  construction  and  maintenance,  and  the  ownership  of  such 
industry   track. 

An  industrial  sidetrack  is  essentially  a  plant  facility  and  furnishes 
the  shipper  with  service  elsewhere  than  at  the  regular  station  of  the 
Railroad  Company.  It  is,  therefore,  recommended,  as  a  matter  of  equity, 
in  constructing  such  track,  that  the  following  terms  as  to  division  of 
expense  and  the  ownership  of  property,  should  govern : 

1.  The  Railroad  Company  may  pay  for  and  shall 
maintain  that  portion  of  the  sidetrack  from  the  switch 
point   to   the   clearance    point. 

2.  The  Shipper  shall  pay  for  and  maintain  that  por- 
tion of  the  sidetrack  beyond  the  clearance  point,  in- 
cluding roadbed,  trestles,  bridges  and  all  other  appur- 
tenances. 

3.  That  portion  of  the  sidetrack  upon  the  righl- 
of-way  of  the  Railroad  Company  shall  be  and  remain  the 
property  of  the  Railroad  Company. 

4.  That  portion  of  the  sidetrack  beyond  (he  right- 
of-way  of  the  Railroad  Company  shall  be  and  remain  the 
property  of  the   Shipper. 
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Appendix    C. 

AGREEMENT   FOR   INTERLOCKING   PLANT. 

THIS  AGREEMENT,  made  this day  of ,  19. . 

by    and    between 

hereinafter  called  the COMPANY 

and    

hereinafter  called  the COMPANY 

WITNESSETH  THAT: 

WHEREAS,  (Note: — Include  brief  description  of  conditions,  in- 
cluding the  location  of  existing  or  proposed  grade 
crossing;  an  enumeration  of  all  existing  agree- 
ments, if  any:  the  names  of  the  companies  between 
which  agreements  were  made,  their  dates,  purpose, 
ct   cetera.) 


WHEREAS,  the  parties  hereto  mutually  desire  to  construct,  main- 
tain, renew  and  operate  an  interlocking  plant  at  said  crossing,  the  loca- 
tion of  said  crossing  being  shown,  and  the  said  interlocking  plant  to  be 

arranged  as  shown  on  the  blue  print  marked  "Exhibit  A",  dated 

,  identified  by  the  signatures 

of  the of   the Company, 

and    of    the of    the Company, 

hereto  attached,  and  hereby  made  a  part  of  this  agreement. 
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NOW  THEREFORE,  in  consideration  of  the  premises  and  of  the 
mutual  conditions  and  agreements  hereinafter  set  forth,  the  parties 
hereto  do  covenant  and  agree  as  follows : 

Definition. 

1.  The  term  Interlocking  Plant,  herein  contained,  shall  be  held  and 
taken  to  include  any  and  all  houses,  towers,  power  plants,  machinery, 
appliances  and  appurtenances  required  for  the  operation  of  the  same. 

Construction. 

2.  The Company  agrees  to  construct  an  interlocking 

plant,  as  shown  on  said  "Exhibit  A,"  and  in  accordance  with   specifica- 
tions which  have  been  approved  by  the of  the  parties  hereto, 

and  identified  by  their  signatures. 

The  cost  of  removing  any  existing  safety  appliances  or  devices  shall 
be  divided  in  like  manner  as  the  maintenance  and  renewal  expense  of 
said  appliances  or  devices  has  heretofore  been   divided. 

The.. Company   agrees   to   begin   the   construction   of 

said  interlocking  plant  within days  after  the  execution  of  this 

agreement,  and  to  carry  the  same   forward  to  a  prompt  completion. 

(Note: — -Insert   penalty  clause   if    desired.) 


Apportionment  of  Cost. 

3.     (a)  The  cost  of  constructing,  maintaining  and  renewing  said  in 
terlocking  plant,  as  shown  <ni  said   "Exhibit   A,"  shall   be   borne  by  the 
parties  hereto  as  follows: 
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Each  party  hereto  shall  participate  in  the  ownership  of  said  inter- 
locking plant  in  the  ratio  which  the  payments  made  by  it  for  construc- 
tion of  said  interlocking  plant,  including  extensions  and  changes  charge- 
able to  capital  account,  bear  to  the  total  cost  of  construction  thereof. 

The  expense  of  maintaining  and  renewing  said  interlocking  plant 
shall  include  taxes,  assessments  and  insurance;  all  losses  by  fire,  flood 
or  other  damage  caused  by  the  elements ;  also  any  change  made  necessary 
by  an  act,  law,  or  ordinance,  of  a  lawfully  constituted  public  authority. 

(b)  The  cost  of  operating  said  interlocking  plant,  including  power, 
heat,  light,  and  supplies,  shall  be  borne  by  the  parties  hereto  as  follows : 
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Spare  Space. 

4.  Spare  levers,  machine  spaces,  and  building  space,  may  be  provided 
for  its  exclusive  use  upon  request  of  either  of  the  parties  hereto,  at  the 
sole  cost  and  expense  of  such  party ;  provided  further,  that  the  other 
party  to  this  agreement  may  hereafter  acquire  the  right  to  the  exclusive 
use  of  the  same  by  either  paying  the  original  cost,  or  by  providing  an 
equal  amount  of  space  of  the  kind  used  when  the  same  shall  be  required. 
at  the  election  of  the  party  which  originally  provided  the  spare  space. 

Extensions  and   Changes. 

5.  Either  party  shall  have  the  right  to  make  extensions  or  changes  in 
said  interlocking  plant,  provided  that  they  shall  not  materially  impair 
the  efficiency  of  the  same.  All  such  extensions  or  changes,  arising  from 
changes  made  in  any  existing  track  or  tracks,  or  made  to  cover  any 
future  track  or  tracks  or  connections,  which  either  party  hereto  may  have 
the  right  to  construct,  or  which  may  be  required  by  reason  of  any 
changes  made  in  the  standard  appliances  of  either  party,  or  which  may 
be  ordered  by  a  lawfully  constituted   public   authority,    shall   lie   made   by 

the    Company,    and    the    cost    of    such    extensions    or 

charges  shall  be  borne  by  the  party  hereto  for  whose  benefit  said  ex- 
tensions or  changes  are  made,  and  the  amount  chargeable  to  each  party 
for  maintenance,  renewal  and  operation  in  such  case  shall  he  determined 
as  follows : 


Control   of   Plant. 

6.    Maiiitrmnii  <•.     (a)    The  maintenance  and  renewal   oi    said   inter 

locking  plant  shall  be  under  the  sole  charge  and  control  of  the 

Company,  and  it  shall  employ  competent  persons  to  maintain  and  renew 

the    same,     and     such     parties     t'nmi     time     tO    time     SO    employed     shall     he 

removed    foi    good   and   sufficient    reason   upon   reduesi   in   writing 

ral  managing  officer  of  the  Company. 

Bach  of  the  parties  hereto,  through  its  authorized  employes  and 
representatives,  shall  have  the  righl  at  all  times  to  inspect  said  inter 
locking  plant,  as  well  as  the  accounts  covering  the  construction,  mainte 
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nance,   renewal  and  operation   of  the   same ;   and  in   the   event   that   the 

Company   shall   notify   the    Company 

in   writing  of   renewals   and   repairs   that   may   be  necessary   for   the   safe 

and  proper  operation  of  said  interlocking  plant,  and  if  the   

Company   neglects    for   a    period   of   thirty    days    to   make   said   necessary 

renewals   and   repairs,   then   the    Company   shall   have 

the  right  to  make  such   renewals  and   repairs,   and   the    

Company  shall,  upon  presentation  of  proper  bills,  and  within  the  time 
provided  in  Section  Ten  hereof,  pay  its  proportion  of  the  amount  so 
expended. 

(b)  Each  of  the  parties  hereto  shall,  at  its  own  expense,  keep  all 
switches  and  derails  in  its  own  tracks  free  from  ice,  snow,  dirt  or  other 
obstructions  which  may  interfere  in  any  way  with  the  proper  working 
of  said  interlocking  plant;  and  in  case  either  party  fails  to  do  so,  the 
other  party  may  enter  upon  the  premises  of  the  party  at  fault  and  remove 
such  ice,  snow,  dirt  or  other  obstructions;  in  which  event,  the  party  at 
fault  shall  reimburse  the  party  doing  such  work,  as  provided  in  Section 
Ten  hereof,  for  all  expense  thereby  incurred. 

Operation.—  (c)     The    operation    of    said    interlocking    plant    shall   be 

under  the   sole   charge   and   control   of   the    Company, 

and  it  shall  employ  competent  persons  to  operate  the  same,  and  such 
persons  from  time  to  time  so  employed  shall  be  removed  for  good 
and  sufficient  reasons  upon  request  in  writing  of  a  general  managing 
officer  of  the  Company. 

It  is  further  mutually  understood  that  either  party  may  use  the 
operators  at  said  interlocking  plant  in  its  telegraph  or  telephone  serv- 
ice, provided  said  party  shall  give  the  other  party  at  least  ten  days'  prior 
written  notice  of  the  same;  but  in  the  event  that  additional  expense  is 
so  incurred,  either  on  account  of  increased  wages  of  operators  over 
levcrmen,  or  on  account  of  additional  employes  required,  the  party  using 
the  operators  in  its  service  shall  bear  the  additional  expense.  If  for  any 
reason  it  becomes  necessary  to  temporarily  take  the  said  interlocking 
plant  out  of  service,  the  control  of  the  flagmen  required   to  protect   said 

grade  crossing  shall  also  be  in  the   Company,  and  the 

expense  of  said  flagmen  shall  be  considered,  for  the  purpose  of  appor- 
tionment, as  an  expense  of  operating  said  interlocking  plant. 

Material   and    Labor  Supplied   by   Parties. 

7.  Each  of  the  parties  hereto  shall,  without  cost  to  the  other,  furnish 
and  install  its  own  derails,  switch  points,  switch  rods,  special  switch  and 
derail  ties  and  timbers,  all  track  insulations,  poles,  cross-arms,  pins  and 
insulators,  and  will  maintain  and  renew  them  from  time  to  time  there- 
after; likewise,  without  cost  to  the  other  party,  do  all  the  track  work 
and  grading  along  its  own  tracks  necessary  to  prepare  the  same  for  the 
installation  of  said  interlocking  plant,  and  also  provide  and  maintain 
proper  drainage)  likewise,  bear  the  cost  and  expense  of  raising  and 
adjusting    pipe    carrier   and    mechanism    foundations,    or    the    renewal    of 
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detector  bars,  clips  or  any  other  appliances  required  or  made  necessary 
by  the  resurfacing,  reballasting  or  rail  renewal  of  its  tracks  within  the 
limits  of  said  interlocking  plant ;  likewise,  furnish  and  install  at  its  own 
expense  any  signal  bridges,  or  other  special  signal  supports,  which  may 
be  required  to  support  signals  governing  the  movement  of  trains  on  its 
tracks. 

Either  party  shall  have  the  right  to  carry  its  automatic  block  signaling 
through  the  limits  of  the  interlocking  plant  at  its  own  expense.  Where 
signals  perform  the  function  of  both  block  and  interlocking  signals,  the 
party  hereto  whose  train  movements  are  controlled  by  said  block  signals 
shall  maintain  the  same  at  its  expense. 

Precedence. 

8.  In  the  use  of  said  interlocking  plant  passenger,  mail  and  express 
trains  shall  have  precedence  over  freight  trains  and  light  engines ;  and 
freight  trains  shall  have  precedence  over  light  engines.     The  trains  and 

engines   of  the    Company   shall   have   precedence   over 

the  trains  and  engines  of  like  class  of  the   Company. 

Wage   Rates. 

9.  The  wages  of  employes  connected  with  maintenance,  renewal  and 
operation  of   said  interlocking  plant   shall  be  the   same  as  the   standard 

wages  paid  by  the  Company    for  similar  service  to  its 

other  employes  in  the  same  territory. 

Payment  of  Bills. 

10.  All  payments  hereunder  shall  be  made  within  thirty  days  after 
rendition  of  proper  bills. 

The     Company    shall     render    bills    covering    the 

cost  of  constructing  said  interlocking  plant,  such  expense  to  be  billed  in 
one  statement  unless  otherwise  agreed  upon  by  the  parties  hereto. 

Bills  covering  the  operation,  maintenance  and  renewal  of  said  inter- 
linking plant  shall  be  rendered  monthly;  and  those  covering  insurance, 
taxes  and  assessments,  annually. 

Such  of  said  bills  as  are  based  upon  payroll  cost  of  labor  and  stock 
prices  of  material  shall  include  a  fair  arbitrary  charge  to  cover  super- 
vision, inspection,  handling,  transportation,  accounting  and  similar  undis- 
tributed items  of  expense.  Such  fair  arbitrary  charge  shall  be  in  accord- 
ance  witli   the   recommendations  of  the   Genera]    Managers'    Association 

of   in   effect    from   time   to  time,  or  in  the  absence  of 

any  such   recommendations,  shall  In-  agreed  to  bj    the  parties;  or  deter 
mined  b)  arbitration  a--  hereinafter  provided 

Should  dispute  arise  .t-  to  the  correctness  of  an)    items  included  in 
ill     rendered   under  this  agreement   the   party  against   which   Mich  hills 
.ire  rendered   shall  pa)    .ill   items  concerning  which  there  i-  no  dispute, 
•iikI  tin   other  items  shall  be  paid  promptly  when  the  correctness  rh< 
has  been  ascertained  l>\  arbitration  or  otherwise 
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Liability. 

11.  Each  party  hereto  assumes  for  itself  the  responsibility  and  ri^k 
of  using  and  operating  its  own  trains  and  engines  over  the  space  covered 
by  the  said  interlocking  system,  and  also  responsibility  for  the  negligent 
acts  and  omissions  or  the  alleged  negligent  acts  or  omissions  of  its  own 
officers,  agents,  servants  and  employes  engaged  in  connection  therewith  : 
and  in  performance  of  any  of  its  separate  duties  under  this  contract : 
and  will  pay  to  the  other  party  and  to  third  persons  all  damages  which 
may  arise  and  for  which  it  may  be  liable  arising  from  such  negligence 
and  in  such  operation. 

The  party  having  special  charge  of  the  management  and  operation 
of  said  interlocking  system  shall  not  be  liable  to  the  other  party  for  the 
negligent  acts  or  omissions,  or  the  alleged  negligent  acts  or  omis- 
sions of  any  person  employed  in  the  operation,  maintenance  or  repair 
of  said  interlocking  mechanism,  but  all  persons  so  employed  shall,  as 
respects  any  injury  caused  by  such  negligence,  be  regarded  and  treated 
as  the  agents  or  servants  of  each  party  hereto,  and  each  of  said  parties 
hereby  assumes  the  responsibility  for  all  damages  resulting  from  the 
negligence  of  such  agents  or  servants  in  the  operation  of  its  own  engines, 
cars  and  trains,  and  those  of  its  tenants,  lessees  and  licensees,  at  the 
-•aid  crossings,  and  shall  indemnify  and  save  the  other  party  harmless 
therefrom.  Any  expense  caused  or  growing  out  of  the  injury  of  any 
workman  or  employe  engaged  upon  the  construction  of  said  interlocking 
plant  shall  he  held  and  considered  to  be  a  construction  expense,  and  shall 
he  divided  as  herein  in  Section  3  provided. 

Arbitration. 

12.  In  case  of  any   differences  or   dispute   arising   under   this   av 
inent  or  concerning  the  subject-matter  thereof,  the  parties  hereto  agree  to 
submit  such  difference  or  dispute  to  three  arbitrators,  one  of  whom  shall 

he    appointed    by    the     Company,    and    another    by 

the   Company,  and  each   party   shall  give  to  the  other 

party  written  notice  of  appointment  of  its  arbitrator,  together  with  his 
name  and  address.  The  two  arbitrators  so  chosen  shall  select  a  third 
arbitrator.  If  either  party  shall  fail  to  choose  an  arbitrator  as  herein 
provided,  the  arbitrator  selected  by  the  other  party  hereto,  at  the  expira- 
tion  of    days    after   the    date    of    its    said    written    notice, 

shall  select  a  second  arbitrator,  and  the  two  arbitrators  so  chosen  shall 
select  a  third  arbitrator.  If  within  days  after  the  ap- 
pointment of  a  second  arbitrator,  as  herein  provided,  the  two  so  chosen 
shall  have  failed  to  select  a  third  arbitrator,  either  party  hereto  may 
apply  to  any  judge  of  the  District  Court  of  the  United  States  for  the 
District   which  shall   then   include    ">' 

who  shall  thereupon  appoint  the  third  arbitrator.     The  three  arbitrators 
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so  chosen  in  any  manner  as  herein  provided,  or  a  majority  of  them,  shall 
hear  and  decide  said  difference  or  dispute,  and  their  decision,  or  that  of  a 
majority  of  them,  shall  he  final  and  binding  on  the  parties  hereto. 

The  expense  of  an  arbitration  under  the  terms  hereof  shall  be  borne 
by  the  parties  hereto  in  the  proportions  fixed  by  the  arbitrators. 

Cancellation  of  Conflicting  Agreements. 

13.  It  is  mutually  understood  and  agreed  that  any  and  all  agreements 
existing  between  the  parties  hereto  or  their  predecessors,  so  far  as  they 
conflict,  or  are  inconsistent  with  the  terms  and  conditions  of  this  agree- 
ment, are  hereby  annulled,  but  in  all  other  respects  they  shall  continue 
in  full  force  and  effect. 

Duration  and  Succession. 

14.  This  agreement  shall  take  effect  on  the days  of 

,   19 and  shall  continue  in  force  during  the 

existence  and  operation  of  the  interlocking  plant,  or  until  discontinued 
by  the  mutual  agreement  of  the  parties  hereto. 

The  provisions  of  this  agreement  shall  be  binding  upon  and  inure  to 
the  benefit  of  the  parties  hereto,  their  successors,  lessees  and  assigns. 

IN  WITNESS  WHEREOF,  the  parties  hereto  have  caused  this 
agreement  to  be  executed  in  duplicate,  by  their  respective  officers,  there- 
unto duly  authorized,  the  day  and  year  first  above  written. 

Company, 

Secretary.  By 

Company, 

Secretary.  By 


REPORT  OF  COMMITTEE  III— ON  TIES. 

F.  R.  Layng,  Chairman;  H.  S.  Wilgus,  Vice-Chairman ; 

C.  C.  Alhright,  L.  A.  Downs, 

W.  C.  Baisinger,  G.  F.  Hand, 

M.  S.  Blaiklock,  L.  C.  Hartley, 

Theo.  Bloecher,  E.  D.  Jackson, 

F.  Boardman,  J-  B.  Myers, 

W.  J.  Burton,  A.  J.  Neafie, 

VV.  A.  Clark,  R.  R.  Paine, 

S.  B.  Clement,  G.  P.  Palmer, 

E.  L.  Crugar,  Louis  Yager, 

Committee. 

To  the  American  Railway  Engineering  Association: 

The  following  subjects  were  assigned  your  Committee  by  the  Board 
of  Direction: 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations   for  changes. 

2.  Continue  the  study  of  effect  of  design  of  tie  plates  and  track 
spikes  on  the  durability  of  cross-ties. 

3.  Report  on  methods  in  use  by  various  railways  for  controlling 
tie  renewals. 

4.  Recommend  proper  dimensions  for  cross-ties. 

5.  Report  results  of  investigation  of  Forms  M.  W.  301,  302,  303 
and  304,  Statistics  of  Cross-Tics,  to  sec  if  they  are  in  general  use  on 
membership  lines. 

6.  Report  on  trials  of  substitute  tics. 

The  work  was  divided  into  Sub-Committees,  as  follows : 

(1)  F.  R.  Layng,  Chairman;  W.  A.  Clark,  L.  A.  Downs,  E.  D, 
Jackson,  L.  C.  Hartley,  H.  S.  Wilgus. 

(2)  E.  D.  Jackson,  Chairman;  M.  S.  Blaiklock,  F.  Boardman,  G,  F 
Hand,  J.  B.  Myers,  A.  J.  Neafie. 

(3)  W.  A.  Clark,  Chairman;  W.  C.  Baisingcr,  W.  J.  Burton,  R.  R 
Paine,  Louis  Yager. 

(4)  L.  C.  Hartley,   Chairman;   \V.   (\   Baisingcr,   ( ',.    P.   Palmer 

(5)  L.  A.  Downs,  Chairman;  E.  L.  Crugar. 

(6)  H.  S.  Wilgus,  Chairman;  C.  G  Albright,  Then.  Bloecner,  S.  B. 
Clement. 

(1)     RK\  [SIGN   OF   M  W'L  \L. 

The  Committee   recommends   that    forma   M-   W.   301,  302,   303   and 

304  be  withdrawn  from  the  Manual.    The  report  of  Sub-Committee  (  ;  i 
shows  that  these   forms   arc   not    being   used. 

(2)     EFFECT  OF  THE   DESIGN   OF  TIE   P]   MIS    \\h  TRACK 
SPIKES  ON  THE  DTJR  \mi  [TV    OF   TIES 
This  Committee  reports  progress  and  suggests  thai  the  studj  >>i  tin- 
lubjed  be  i  ontinued, 
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(3)     REPORT  ON  METHODS  IN  USE  BY  VARIOUS  RAILWAYS 
FOR  CONTROL!. INC  TIE  KENKWALS. 

The  Committee  submits  as  information,  the  report  on  Subject  (3). 
The  following  questions  were  sent  to  all  the  principal  railroads,  repre- 
sented in  the  Association: 

Subject:     "Methods  in  Use  for  Controlling  Tie  l\'eneieals." 

1.  Who  originates  the  data  on  which  the  estimates  of  tie  renewals 
are  based? 

2.  Arc  these  estimates  based  on 

(a)  Detailed  inspection  of  the  entire  track,  or, 

(b)  Detailed  inspection  of  portions  of  the  track,  or, 

(c)  Tie  renewal  statistics,  or, 

(d)  Otherwise? 

3.  Are  these  estimates  checked  independently  in  the  field,  in  whole 
or  in  part? 

4.  By  whom  arc  these  estimates  revised  before  approval  ? 

5.  Are  individual  ties  designated  to  be  renewed,  or  is  the  estimate 
merely  to  determine  the  number  of  ties  required  for  renewals? 

6.  What  latitude,  if  any,  is  allowed  the  Section  Foreman  in  deviat- 
ing from  the  approved  inspection? 

7.  What  check  is  made  of  the  Section  Foreman's  work? 

8.  Please  submit  any  general  instructions  you  may  have  covering 
tie  renewals. 

Replies  were  received  from  100  railroads,  with  an  aggregate  mileage 
of  223,000.     A  tabulation  of  these  replies  is  appended  to  this  report. 

As  of  interest,  but  not  in  any  way  indicating  the  recommendations 
of  the  Committee,  a  summary,  based  on  this  tabulation,  is  given   below: 

Per  Per 

Cent,  of  Total        Cent,  of  Total 

Xitmber  of  Roads  Mileage  of  R<>ad< 

Reporting  Reporting 

Renewals  based  primarily  on  detail  inspection 

of   track    • ..89  92 

Renewals   based   partly   or   exclusively  on   tie 

renewal  statistics   16  14 

Renewals    based    exclusively    on    tie    renewal 

statistics    9  4 

Detail  inspection  made  by  Section  Foremen.      58  ^4 

Detail   inspection    made   by   others    than    Sec- 
tion Foremen    33  42 

Individual     ties     for     renewal     designated     by 

spots   or   otherwise $8  52 

Individual  ties   for  renewal  not   designated.  .  .    o_*  tS 

Section   Foremen   limited   in   renewals   to   ties 
authorized  except   such   additional   as   are 

required  for  safety 67  67 

ion   Foremen   not   limited   in    renewals   to 

those  authorized  33  33 

Work  of  making  renewals  checked  by  Road- 
master    (or  Supervisor) 77  74 

Work  of  making  renewals  checked  by  others 

than  Roadmaster   (or  Supervisor) 33  19 
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The  Committee  wishes  to  point  out  that  the  method  in  most  gen- 
eral use  is  not  necessarily  the  best,  and  that  methods  may  very  properly 
differ  on  different  roads,  depending  upon  the  organization,  physical  con- 
ditions, and  other  factors. 

A  study  of  the  replies  shows  that  all  roads  depend  largely  upon  an 
inspection  of  ties  removed  for  the  purpose  of  checking  renewals.  A 
majority  of  the  roads  place  the  principal  responsibility  for  renewal 
upon  the  Section  Foreman,  while  a'  considerable  number  place  this  re- 
sponsibility primarily  upon  an  inspector  working  independently  of  the 
Section  Foreman.  The  other  variations  in  method  represent  individual 
opinions  as  to  the  best  method  of  checking  the  original  source  of  in  for- 
mation. This  checking  takes  the  form  of  an  independent  review  of  the 
original  check  in  the  field  and  also  checking  same  against  statistics. 
(Sec  Appendix  A.) 

(4)     RECOMMKX1)    PROPER    TtlMKXSIONS    FOR    CROSS-TIKS. 

The  Committee  reports  progress  and  suggests  that  a  study  of  this 
subject  be  continued. 

(5)     USE  OF  FORMS  M.  W.  301,  302,  303,  304. 
The    membership    lines    were    asked    as    to    their   use    of    these    forms 
and  one  hundred  replies,   representing  232,026  miles,  were  received.     Not 
a  single   road   is  using  them  and  hut  twelve,   representing  approximately 
10,521  miles,  contemplate  doing  so.     (See  Appendix  B.) 

(6)     REPORT  ON  TRIALS  OF  SUBSTITUTE  IT KS. 

The  attention  of  the  Association  is  called  to  a  very  valuable  pub- 
lication issued  by  the  United  States  Department  of  Agriculture,  Fores! 
Service,  H.  S.   Craves,   Forester,   as    follows: 

"Guide  Book  for  the  Identification  of  Woods  Used  in  Ties  and 
Timbers,"  by  Arthur  Koehler.  The  book  may  lie  obtained  from  the  de- 
partment at  Washington. 

The  information   furnished  by  tin'  various  railroads  using  substitute 

tics    is    abstracted    as    usual,    and    tin-    results    to    date    arc    shown    on    the 

tabulated   statement.     This  statement   is  intended  to  include  all  installa- 
tions,  on    steam    railroads    in    America    reported    to    the    Association,   and    i- 

thought  to  cover  practically  all  substitute  ties  used  so  far  in  this  country. 
i  S<  c   Appendix  C.) 

I  ONi  i  i  SIONS. 

(1)  Your  Committee  recommends  thai   forms  Nos,   M.  W.  300,  301, 

302,   303,   304   be   withdrawn    from   the   Manual. 

(2)  That  the  report  as  to  methods  in  use  b>  various  railroads  foi 
controlling  tie  renewals  be  received  as  information. 

(3)  That   the  report  on  substitute  tics  be  received  as  in  formation 

R(   ipect  fully   submitted, 

Tin-.   <  JOM  m  mi  i    o\     I'n  > 
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Appendix  C. 

REPORT  ON  TRIALS  OF  SUBSTITUTE  TIES. 
H.  S.  Wilgus,  Chairman,  Sub-Committee. 

Atchison,  Topcka  &  Sanla  Fe  Railway: 

Universal.- — (M.  C.  Blanchard,  Engineer,  Eastern  District,  October 
24,  1917.)  These  are  located  in  the  Chicago  Yard,  between  mile  posts 
one  and  two,  and  in  front  of  the  depot  at  Florence,  Kansas.  Those  at 
Chicago  were  placed  in  the  eastbound  main  in  March,  1911,  and  are  83 
in  number.  They  are  still  in  the  track  and  have  not  been  disturbed 
since  they  were  placed,  with  the  exception  of  changing  out  the  fiber 
insulation.  Considerable  corrosion  has  taken  place,  but  not  to  the  extent 
to  render  the  tie  unserviceable.  Those  at  Florence  are  still  in  fair  con- 
dition, their  appearance  being  better  than  a  year  ago  account  of  the  large 
amount  of  oil  which  they  are  coated  with,  as  result  of  the  leak  from 
tank  cars  passing  over  them.  Some  trouble  is  also  encountered  with  the 
insulation  at  this  point. 

Baird. — There  are  only  three  of  these  ties,  located  in  the  yard  at 
Newton,  Kansas,  but  to  date  they  have  been  giving  very  satisfactory 
service,  little  deterioration  or  corrosion  having  taken,  place.  There  is 
some  play  between  the  rail  and  the  tie  caused  by  wear  between  the  two 
metal  surfaces.  There  is  also  some  side  wear  on  the  rail  clips,  and  prob- 
ably some  trouble  would  be  experienced  in  keeping  the  track  in  line  were 
all  of  the  ties  of  this  make. 

Carnegie. — The  Carnegie  steel  ties  in  service  at  Chanute,  Kansas, 
and  Newton,  Kansas,  arc  in  fair  condition,  but  some  trouble  is  being 
experienced  with  the  rail  clip  and  the  bolt  which  holds  it  in  place,  both 
of  these  being  too  light,  as  is  also  the  top  flange  of  the  "I"  beam. 

Baltimore  &  Ohio  Railroad: 

Boughton. —  (Earl  Stimson,  Engineer  Maintenance  of  Way,  August 
11,  1917.)  In  regard  to  the  Boughton  ties  which  were  placed  in  the  li.uk 
at  Akron,  Ohio,  in  1904,  the  status  of  these  ties  is  the  same  as  quoted 
in  the  1917  Proceedings. 

Metal  Tie  Company's  Ins  In  regard  to  the  Metal  Tie  Company's 
ties  in  track  at  Martinsburg,  the  status  of  these  tics  is  the  same  as  re- 
ported in  the  1916  Proceedings,  except  that  the  blocking  which  was  re- 
newed  in    1016  on   account   of  being  CUl    Square    (and  not  tapered)    did   not 

lit  the  casting  of  the  tie,  considerable  difficulty  being  experienced  in  keep- 
ing tight.     New  Mocks   were   therefore   sawed  out  tapered   so  a-   to  lit 
lasting  and  installed  May  16,  I'M".     Considerable  difficulty  lias  been  ex 
pcrienced  keeping  these  tics  plumb,  the  tendency  being  for  the  top  of  tin 
lie  i"  lean  against   the  traffic 

Carnegii       ill'    I  ties   which   were  under  test   at    Marriotts 

villi',  Maryland,  have  been  removed  from  the  track  and  test  dosed. 

Harhm.w.     Plan:     I »"  not  have.    Description:     \  composition  en 
tie,  made  up  of     trips  (1f   wood  bound   together  with   seven   strap  iron 
band  vide,  being   covered   with  a   sort   of  asphaltum   pitch   ma 

terial       \     ample     keleton   tie   furnished   1>>    the  manufacturers    for   in 
made  up  ol    eighteen   pica      oi    snips  of   wood,  all  8   ft 
the  dimi  n  u  hii  h  varies  fron  These 

strip    oi   wood  wen    made  from  various  grades  of  green  white  oak,  red 
oak,  b 
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The  filler  material  is  a  heavy  thick  black  substance,  the  covering  on 
the  sides  and  ends  of  the  tie  being  about  J^-in.  thick.  The  finished  tie 
measures  6  in.  x  7j/$  in.  x  8  ft.  long. 

Main  track  or  siding:  These  lies  were  installed  in  the  eastbound 
freight  track  west  of  West  Baltimore  station,  telegraph  pole  3-31  to  3-35. 
The  alinement  at  this  point  is  mi  spiral  of  a  3  deg.  43  min.  curve. 


Fig.  1. — Hasdman  Tie. 
Baltimore  &  Ohio  Railroad,  Baltimore,  Md. 


The  tits  were  installed  alternately  with  the  wooden  ties  already  in 
l  rack,  that   is,   a  Hardman  tie  was  put  ill  at   every  other  tic. 

Weight  of  rail:  The  track  at  this  point  is  laid  with  100-lh  R.  B. 
rail  rolled  by  the  Maryland  Steel  Company  in   1914  and  laid  in  1915. 

Character  of  ballast:     Stone. 

No.  of  ties  per  33  ft.  rail:     18. 
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Character  of  sub-grade:     Clay. 
Total  number  of  ties  laid:    29. 
Date  installed:     Mav  29  and  30,  1917. 
Weight  of  tie:     171  lb. 
Cost:     Donated  by  manufacturer. 
Point  of  manufacture:     Fall  River,  Mass. 
Photograph:      (See  Fig.  1.) 
Bessemer  &  Lake  Erie  Railroad: 

Carnegie. —  (H.  T.  Porter,  Chief  Engineer,  December  8,  1917.)  In 
line  with  your  request  for  information  for  the  Tie  Committee  covering 
the  use  of  steel  ties  on  the  Bessemer  &  Lake  Erie  Railroad  during  the 
past  year,  I  would  advise  that  \vc  have  received  no  steel  ties  from  the 
mills  since  our  last  report  to  the  Committee.  It  is  probable  that  no  steel 
ties  will  be  received  from  the  mills  until  the  extraordinary  demand  for 
steel,  due  to  the  war,  has  let  up. 

The  only  development  of  interest  during  the  past  year  is  that  a  fast- 
ening has  been  developed  for  use  with  130-lb.  P.  S.  section  rail,  prints 
of  which  are  attached.  We  have  laid  some  six  or  seven  miles  of  main 
track  using  this  fastening.     (See  Fig.  2.) 
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Fig   2.    Two-Holi    Center  V  Wire  Clips  for  130-Lb    P.  S    K\u 

Boston   &  Mauir   Railroad: 

Carnegie     No  progn       report 


Buffalo,  Rochester  6   Pittsburgh  Railway 
Cak-  report 
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Chicago  &  Alton  Railroad: 

Simplex. — No  progress  report  received. 

The  Railway  Tie  Corporation. — No  progress  report  received. 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway: 

Carnegie. —  (C.  A.  Paquette,  Chief  Engineer,  August  11,  1917.)  As 
previously  reported  by  me,  we  have  about  a  mile  of  Carnegie  tics  in 
our  main  track  east  of  Greensburg,  Ind.  One  of  these  ties  was  removed 
from  the  track  about  a  week  ago  on  account  of  failure,  this  failure 
occurring  in  the  top  flange  under  the  rail.  The  flange  was  cracked  on 
each  side  of  the  rail  and  this  fracture  extended  through  the  web.  The 
dirt  and  scale  were  thoroughly  removed  from  the  tie  and  it  was  weighed, 
and  it  was  found  to  weigh  174^2  lb.  Our  records  indicate  that  the  orig- 
inal weight  of  these  ties  was  179  lb.  The  loss  in  weight,  therefore,  was 
about  2l/i  lb.  The  corrosion  on  all  of  the  ties  in  service  seems  to  be 
about  the  same  as  on  the  one  removed.  This  is  the  only  tic  thus  far 
which  has  shown  complete  failure,  but  observations  disclose  that  some 
of  the  ties  still  in  the  track  are  slightly  surface-bent  under  the  rail. 
These  ties  were  put  in  the  track  during  the  winter  of  1906. 

Cornwall  &  Lebanon  Railroad: 

Snydek. —  (A.  D.  Smith,  Superintendent,  August  14,  1917.)  These  ties 
were  removed  from  the  track  several  months  ago.  This  was  because  of 
the  fact  that  the  concrete  filling  had  become  entirely  disintegrated  and 
the  metal  walls  of  the  ties  were  crushing. 

Denver  &  Salt  Lake  Railroad: 
Shane. — No  progress  report. 

Duluth  &  Iron  Range  Railroad: 

CARNEGIE-  (W.A.Clark,  Chief  Engineer,  August  17,  1917.)  Wc  have 
nothing  further  to  report  relative  to  the  Carnegie  Steel  Tics,  except  that 
due  to  a  'serious,  derailment  last  May,  we  were  obliged  to  remove  105  of 
these  ties  on  Mile  79. 

Duluth,  Missabe  &  Northern  Railway: 

Carnegie. —  (H.  L.  Dresser,  Chief  Engineer,  August  15,  1917.)  My 
letter  of  September  14,  1916,  in  regard  to  these  ties,  still  holds  good. 
They  are  still  all  in  the  track  except  the  one  which  I  mentioned  last 
year,  and  are  giving  good  service,  and  there  is  no  evident  reason  why 
they  should  not  be  good  for  many  years  to  come. 

In  reading  over  the  statements  from  various  railroad  officials,  as 
shown  in  the  Proceedings  of  the  Eighteenth  Annual  Convention  of  the 
American  Railway  Engineering  Association  in  regard  to  the  different 
types  of  steel  and  concrete  ties  which  they  have  tried  out.  it  has  occurred 
to  me  that  if  many  of  them  had  not  been  to  economical  and  had  placed 
a  sufficient  number  of  tits  to  the  rail  length  to  take  care  of  the  load 
which  they  have  to  distribute  in  the  ballast,  results  might  have  been 
different.  I  frequently  notice  in  riding  over  roads  where  they  have  ex- 
tremely heavy  traffic,  ties  are  not  spaced  as  closely  together  as  they 
might  be.  With  the  rolling  stock  which  many  of  the  railroads  are  using 
to-day,  it  is  necessary  to  place  the  tics  as  near  together  as  they  can  be 
and  give  sufficient  room  for  properly  tamping  them.  Otherwise,  it  is  im- 
possible to  keep  good  surface  on  the  track. 
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Elgin,  Joliet  &  Eastern  Railway: 

Carnegie.— (A.  Montzhcimer,  Chief  Engineer,  September  18,  1917.) 
This  is  an  ideal  tie  for  our  purposes  and  so  far  has  caused  us  no  trouble 
whatever.  It  holds  the  track  in  good  line  and  requires  very  little  atten- 
tion. The  track  seems  to  hold  its  surface  remarkably  well.  The  steel 
tie  clips  have  not  been  tightened  since  they  were  installed,  except  the 
retightening  which  was  necessary  about  two  weeks  after  the  ties  were 
put  in.  The  clip  acts  as  an  anti-creeper  for  the  rail  and  there  is  no 
trouble  on  account  of  the  steel  running. 

Bates. — These  ties  are  still  in  good  condition  and  apparently  the 
same  as  when  first  installed.  These  ties  have  now  been  in  service  five 
years,  having  been  installed  in  1912.  The  steel  truss  connection  between 
the  two  blocks  of  concrete  which  form  the  tie  seem  to  "give  the  track  the 
same  amount  of  elasticity  which  it  would  have  with  wooden  ties,  and  I 
think  this  is  a  great  advantage. 

Erie  Railroad  Company: 

Carnegie. —  (R.  S.  Parsons,  Assistant  to  President  and  Chief  Engi- 
neer, October  1,  1917.)  In  reference  to  Carnegie  switch  ties  this  com- 
pany has  in  use  at  Jamestown.  We  have  experienced  difficulty  in  the 
maintenance  of  these  ties  account  of  the  clip  fastenings.  These  have 
been  adjusted  and  modified  locally  and  the  ties  kept  in  service  thus  far. 
The  wear  in  them  has  become  so  pronounced  that  we  expect  it  will  be 
necessary  to  remove  the  ties  within  another  year. 

Florida  East  Coast  Railway: 

Percival. —  (E.  Ben  Carter,  Chief  Engineer,  August  14,  1917.)  I  beg 
to  advise  that  so  far  as  I  can  observe,  there  has  been  no  change  in  the 
condition  of  these  ties  since  the  report  of  our  Mr.  C.  S.  Coe,  Engineer 
Maintenance  of  Way  (who  is  now  in  France  with  the  17th  Regiment  of 
Railroad  Engineers),  under  date  of  August  21,  1916,  and  addressed  to 
Mr.  L.  C.  Hartley,  Chief  Engineer  of  the  Chicago  &  Eastern  Illinois 
Railroad,  then  member  of  Sub-Committee  No.  4,  Committee  on  Ties, 
American  Railway  Engineering  Association,  previous  and  similar  reports 
on  these  ties  appearing  in  Association  Reports,  Vol.  14,  page  754,  and 
Vol.  15,  page  752.  And  the  report  to  Mr.  Hartley  was  practically  the 
same  as  that  made  to  yourself  by  Mr.  Coe  under  date  of  October  2,  1Q15. 

In  other  words,  the  tics  arc-  giving  entire  satisfaction  so  Ear  as  wen 
is  concerned,  and  have  now  been  in  our  main  track  over  11  years. 

Galveston,  Harrisburg  &  San  Antonio  Railway: 
Percival.— No  progri       report 

Huntingdon  &  Broad  Top  Mountain  Railrt  al  Company: 

Stoneback.  I  \  1-  VTohn,  Superintendent,  November  17,1917.)  The 
Stoneback  ties,  the  three  ties  which  were  placed  in  the  track  on  April  1, 
Ipl  i.  and  referred  to  in  my  letter  oi    Mao    12,  1916,  are  ^till  in  the  track 

and  an    in  a    •■■ 1  condition  a    they  were  on  my  last  report     i  >n  July 

13,  1916,  16  ties  ol  this  pattern  were  placed  in  our  main  tr.uk,  neat   I  onj 
Siding,  and  are  still  in  th<'  track.     Th<    concrete  on  some  ol    thes 
cracked  considerably  after  tin  \  were  placed  in  the  track,  bul  the)   hav< 
not  lid  ii  removed  and  are  apparentl)  getting  no  worse. 
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Lake  Champlain    &  Moriah  Railroad: 

Carnegie.- — (M,  Moore,  Superintendent,  August  9,  1  i>l 7. )  Relative  to 
the  Carnegie  tics  we  have  in  use,  I  have  nothing  further  to  report,  ex- 
cept that  they  are  still  in  the  track  and  giving  good  service. 

Lake  Erie  &  Western  Railroad: 

Buhrer. —  (J.  K.  Conner,  Chief  Engineer,  September  11,  1917.)  There 
are  seven  of  these  ties  still  in  our  track,  two  of  which  will  have  to  come 
out  this  season,  five  of  the  ties  still  being  in  gOod  condition.  These  ties 
were  wheel  marked  some  time  ago  by  derailments,  which  damaged  them 
to  a  certain  extent. 

Lake  Terminal  Railroad: 

Carnegie. — No  progress  report. 

Long  Island  Railroad: 

Carnegie. — No  progress  report. 

Midvale  Steel  Company: 

Snyder. —  (Radcliffe  Furness,  Assistant  Superintendent,  August  15, 
1917.)  We  have  given  up  the  use  of  the  Snyder  steel  ties  for  the  reason 
that  under  our  traffic  they  gave  out  under  the  rail  where  they  are  weak- 
ened by  the  holes  punched  for  the  holding  device.  The  average  life  did 
not  exceed  that  of  a  first-class  white  oak  tie  and  they  are  considerably 
more  expensive. 

New  York  Central  Railroad: 

Carnegie.—  (G.  W.  Kittredge,  Chief  Engineer,  August  10,  1917.)  The 
steel  ties  which  we  have  heretofore  reported  upon  have  been  put  into 
use  at  places  where  engines  clean  their  fires  on  existing  tracks  where 
wooden  ties  would  be  destroyed  by  being  burned  out.  This  is  the  only 
place  where  these  ties  are  now  in  use,  and  for  the  purpose  for  which  we 
are  using  them,  they  give  comparatively  good  satisfaction. 

New  York  Central  Railroad  (JVest  of  Buffalo): 

Buhrer.  —  (G.  C.  Cleveland,  Chief  Engineer,  August  10,  1917.)  I 
have  nothing  further  to  report  on  this  subject. 

Northern  Pacific  Railway: 

Carnegie — -Universal. —  (L.  Yager,  Engineer  Maintenance  of  Way, 
September  5,  1917.)  We  have  not  extended  our  use  of  Carnegie  and 
Universal  steel  ties  beyond  that  outlined  in  Chief  Engineer  Maintenance 
of  Way  Burt's  letter  of  September  1,  1916,  The  purpose  of  these  ties  is 
to  prevent  destruction  of  wooden  ties  by  engine  cinders  at  coal  docks 
and  water  stations.  The  use  of  these  ties  is  therefore,  not  comparable 
as  a  direct  substitute  for  track  ties.  We  have  kept  no  data  on  the  small 
installations  we  have  that  would  he  of  any  value  on  that  phase  of  the 
subject  in  which  your  Sub-Committee  is  interested. 

Solid  Concrete  Roadbed  Construction  (three  designs). —  (L.  Yager, 
Engineer  Maintenance  of  Way,  September  10,  1017.) 

Plan:  Type  No.  1.  Study  plan  of  concrete  roadbed,  Office  of  Chief 
Engineer,    February   15,   1914,   Revised  March    10,   1014. 
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Type  No.  11.  Reinforced  concrete  roadbed  for  experimental  pur- 
poses, Office  of  Chief  Engineer,  April  11,  1914,  Revised  April  28,  April 
30,  May  3  and  June  IS,  1914. 

Type  No.  111.  Study  plan  of  concrete  roadbed,  Office  of  Chief  En- 
gineer, May  28,  1912,  Revised  March  20,  1914. 

Note:     See  Figs.  3,  4,  5  and  6. 

Description:     This  will   be  evident   from  the  plans   and   photographs. 


Fig  3.     Northern  Pacifk    Railway 
General  View   Looking  East,  Typi   3  in  Foreground 


This  experimental  track  was  constructed  in  gravel  cul  .it  thi   time  the  line 
u  iginally  con  ti  ui  t<  <l  in  l('l  1 

Main  Ti.uk  or  Siding:     On   Main  !iu<    in  Mi l<-  27  in  first  col  wesl 
nf  Nisqually  River,  Typ<     Nos    l  and  li  on  Westbound  M.iin,  Typ 
111  on  Eastbound  Main      Portion  61  track  profile  attached 

Wri^'it  >>i   Rail:     Ninetj  pound    V  R     \    Type  "B." 
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Date  Installed:  Constructed  by  company  forces.  Work  began  June 
5,  1914,  completed  September  28,  1914.  -^ 

Cost :  The  work  was  not  handled  in  a  manner  which  would  make 
the  cost  of  this  particular  piece  of  track  any  criterion  of  what  the  con- 
struction would  cost  if  handled  on  a  large  scale. 

How  Constructed:  The  work  was  done  at  time  of  original  con- 
struction of  the  new  double-track  line,  Tacoma  to  Tenino.    The  concrete 


Fig,  4.— Northern  Pacific  Railway. 

Looking  East,  Type  No.  1. 


was  cast  in  place. 

Where    Used:      One    new    double-track,    low-grade    line,   Tacoma    to 
Tenino,  Mile  27,  near  Nisqually  River  crossing. 

History  to  Date :     Results  as  a  whole  to  date  have  been  satisfactory, 
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although  it  is  recognized  that  sufficient  time  has  not  elapsed  to  draw  any 
definite  conclusions  of  service,  costs,  etc.  Some  minor  difficulties  have 
arisen,  such  as  the  necessity  of  anchoring  rails  against  creeping. 

Additional    Construction:      No    further   construction    of    this   kind    is 


5.      NfORI  HERN    PA<  ii  h    RaU  W  \i 

Type  No.  2,  Loo  n    Type  No  3  on  Lefi 


contemplated  al  present;  bul  if  wc  should  decide  to  build  mon  "t  it,  we 

would  make  .i  number  of  changes  in  the  design.  Tin   changes  ha> 
\(  i  been  work)  <1  out  in  plan  form, 

Length:    Type  1    594  ft    Type  11     594  ft  Type  111    810  ft 
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Pennsylvania  Railroad: 

Standard  Steel  Ties. —  (VV.  G.  Coughlin,  Engineer  Maintenance  of 
Way,  September  4,  1917.)  Five  hundred  installed  June,  1915,  in  east- 
bound  freight  track,  Philadelphia  Division,  A.  &  S.  Branch,  east  of 
Lenover,  Pa.  Some  blocks  have  split.  One  hundred  new  oak  blocks  on 
hand  for  renewal. 

Snyder  Composite  Tie. — Nine  hundred  and  seventy  installed  in  east 
bound   freight   track,   Philadelphia   Division,   A.   &   S.   Branch,   near    Len- 
over, Pa.,  July,  1915,  removed  March,   1917,  on  account  of  disintegration 
of  filling. 

All  removed   from  Johnstown  Branch,  April,   1916. 

Eight  hundred  and  twenty-one  in  westbound  receiving  track,  Derry- 
Pittsburgh  Division.  Ties  in  fair  condition.  Signs  of  disintegration  of 
filling. 

Pennsylvania  Steel  Company  Steel  Ties. — Four  (all)  removed 
account  of  damage  by  derailed  wheel  March,  1917. 

Leonard  Concrete  Ties. — Six  in  eastbound  freight  track,  Philadel- 
phia Division,  A.  &  S.  Branch,  west  of  Atglen,  Pa.     Fair  condition. 

Carnegie  Steel  Ties. — One  hundred  and  sixty-five  removed  Feb- 
ruary, 1917,  account  of  web  failure.  Ten  removed  July,  1917,  account  of 
rivets  becoming  loose.  Others  in  fair  condition.  Two  thousand  seven 
hundred  and  eight  in  service. 

Carnegie  Steel  Switch  Ties.-  Sets  installed  in  Pitcairn  Yard  Sep- 
tember 11,  1911.  One  set  No.  8  east  end  of  ladder  from  4,  5,  6  tracks 
No.  3  Repair  Yard.  Fifty-five  ties  in  track;  2  clips  gone;  fair  condition. 
Track  recently  thrown.  One  set  No.  8  T.  O.  east  end  Xo.  1  track  easl 
bound  engine  storage  yard.  Eight  ties  in  track,  underswitch  ;  balance  re- 
moved on  account  of  damage  due  to  derailment.  One  chair  off;  all  others 
loose.  One  set  No.  8  T.  O.  cast  end  No.  2  track  eastbound  engine  stor 
age  yard.  Eight  ties  in  track;  balance  removed  account  of  damage,  due 
to  derailment.  All  chairs  loose.  One  set  No.  8  T.  O.  cast  end  Xo.  1_' 
track  eastbound  receiving  yard.  Forty-two  tics  in  track;  10  removed  on 
account  of  damage  due  to  derailment;  15  ties  in  track  damaged  by  de- 
railment; 27  ties  fair  condition.  One  set  Xo.  10  T.  O.  west  end  track 
No.  27  No.  1  repair  yard.  Sixty-four  tics  in  track;  16  chairs  loose;  9 
clips  loose;   otherwise   fair  condition. 

Mechling  &  Smith  Steel  Tiks.  Eighty  left  in  Wilkinsburg  yard, 
Pittsburgh  Division,    Will  last  another  year. 

Shank  Ties  at  Atglen.  Forty-five  of  original  lot  of  Shane  ties  re- 
moved  on   account    of    failure;  45  Shane   Steel    ties  of   heavier  construction 

were  installed.   All  of  the  fastenings  of  tin'  ties  removed  were  damaged  to 
some  extent.     Ties  in   fair  condition   at    present 

Pennsylvania  Lines  West  of  Pittsburgh,  Northwest  System: 

Champion.  (R,  Trimble,  Chief  Engineer  Maintenance  of  Way, 
August  20,  1917.)     Two  hundred  and  three  of  these  steel  and  concrete 

tics  were  placed  iii  No.  1  westbound  passenger  track  of  the  P.  I-'.  \\ 
,-.  '  K'\  ,  just  west  of  Emsworth,  Pa.,  in  November  and  December,  1913 
They  were  removed  from  track  on  \\A\  s,  9,  10,  1"17,  after  a  servii 
three  years  and  five  months.  The  primarj  cause  of  removal  being  the 
renewal  of  lnoib.  rail  witb  130-lb.,  the  difference  in  the  flange  width  oi 
ili>  rail  requiring  tic  plate  of  a  different  dimension  \'i.r  thej  were 
removed  from  the  track  tin  >  were  found  to  be  in  such  condition  as  not 
io  w.ui. nit  their  being  used  again.     In  a  large  number  oi  tic.  ii, 

was   found   t"  be  cracked   on   ■  oi    both   ends.     While   the  condition 

found  wa>  not  dangerous,  n   was   feared  thai  it  might  develop  to  ,i  dan 
vi  ion-  condition  in  tin    mar  futun       !n  a  large  number  of  the  ties  th< 
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concrete  was  cracked  and  on  account  of  lack  of  bond  with  the  steel 
members,  the  concrete  was  slipping  out  at  the  end.  A  few  of  the  tic 
plates  were  broken. 

As  regards  corrosion,  the  ties  were  in  very  good  shape,  indeed, 
only  a  few  of  the  ties  showing  any  scale.  The  ties  held  up  well,  as  prac- 
tically every  tit  was  as  straight  as  when  put  in  track,  except  for  the 
flattening  of  the  metal  immediately  under  the  rail. 

It  is  our  opinion  that  the  tie  was  not  well  designed  for  the  purpose 
mi"  being  filled  with  concrete,  no  provision  having  been  made  for  shrink- 
age, and  the  possible  separation  of  the  steel  from  concrete. 

'litis  ends  the  experiment  with  the  Champion  ties. 

Riegler  Concrete  Steel  Ties. — Fifteen  of  these  tics  were  placed  in 
Xo.  1  track  west  of  Emsworth,  Pa.,  in  May,  1908.  In  December,  1914, 
they  were  removed  from  that  track  and  placed  in  No.  3  freight  track 
The  reason  for  the  change  was  that  there  had  been  some  signal  failure-* 
during  the  heavy  wet  snow  in  the  spring  of  1914,  and  in  order  to  ascer- 
tain definitely  whether  these  signal  failures  were  attributable  to  these  ties, 
or  to  other  devices  under  test  in  that  track,  the  Riegler  concrete  ties 
were  removed  and  placed  in  No.  3  track.  It  was  afterwards  ascertained 
that  the  signal  failures  were  due  to  other  devices  in  this  track.  To 
date  the  ties  have  given  about  none  and  one-half  years'  service,  six  years 
of  which  was  in  a  high-speed  passenger  and  freight  track,  and  three  and 
one-half  years  in  track  used  almost  exclusively  for  freight  purposes.  In 
both  tracks  the  service  is  very  heavy.  At  the  present  time  the  condition 
of  the  ties  is  good.  Two  ties  show  some  cracks  in  the  concrete,  which 
arc,  however,  not  considered  of  sufficient  magnitude  to  effect  the  integrity 
of  the  tie.  There  is  no  apparent  depreciation  due  to  corrosion  of  the 
steel  members.  The  contact  between  the  concrete  and  the  steel  is  a-  in- 
timate as  when  the  ties  were  first  put  in  the  track.  No  separate  record 
has  been  kept  of  the  cost  of  track  surfacing  and  lining,  but  it  i<  the 
opinion  of  those  in  charge  that  much  less  work  is  required  for  same 
than  with  a  wooden  tie.  Our  experience  has  demonstrated  that  these 
are  good  ties,  answering  all  the  requirements,  the  only  objection  being 
as  to  the  cost.  It  is  very  probable  that  these  ties  would  be  found  eco- 
nomical in  tunnels  or  other  places  where  the  cost  of  maintenance  of  track 
is  quite  high,  and  where  wooden  ties  require  frequent  renewal. 

Pennsylvania  Lines  West  of  Pittsburgh,  Southwest  System: 

Kimbaijl. — On  August  20,  1917,  the  last  Kimball  concrete  tie,  which 
was  in  service  in  No.  5  track  at  the  west  end  of  the  westbound  yard, 
Scully,  Pa.,  was  removed  on  account  of  being  broken  and  unfit  for  use 
The  situation  on  the  Southwest  System  of  the  Pennsylvania  Lines  West 
is,  therefore,  that  at  the  present  time,  we  have  no  concrete  ties,  either 
in  main  or  side  tracks. 

Pittsburgh   &  Lake  Eric  Railroad: 

Carnegie.— (J.  A.  Atwood,  Chief  Engineer,  August  20,  1917.)  Car- 
negie wedge  tie  at  Pittsburgh  removed  and  Carnegie  steel  tie  at  Mc- 
K'  es  Rocks  removed  1917. 

Maxey  at  Glassport  removed. 

Atwood  at  McKecs  Rocks  is  still  in  service  and  in  good  condition. 

Riverside-Rialto  &  Pacific  Railroad: 

Woi.f    Concrete    Tie. —  (Following    information     obtained     in     part 
through    the   courtesy   of    \V.    H.    W'halen,    Superintendent,    Southern    Pa 
Clfic,  and  in  part  from  the  Engineering  News,  March   15,   1917.     The  ex- 
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periment  is  conducted  under  the  direction  of  W.  H.  Bohon,  General 
Manager  of  the  R.  R.  &  P.  R.  R.)  : 

Plan:     As  per  attached  (see  Fig.  7). 

Description:  Made  with  concrete,  wire  netting  and  rods  with  wood 
cushion   block  under  tie. 


Fig.  8. — Wolf  Concrete  Tie. 
Riverside,  Rialto  &  Pacific  Railroad,  Riverside,  Cal 


Main  track  or  siding:  Main  track.  Weight  of  rail:  60-lb.  Charac- 
ter  of  l>allast :  Gravel.  Total  number  of  ties  per  33-ft.  rail:  Not  given. 
Character  of  sub-grade:  Clay.  Total  number  of  tics  laid:  60.  Date 
installed:  October,  1913.  Weight  of  tie:  Not  given.  Cost:  Not  given. 
Point  of  manufacture:     Not  given.     Photograph:     (See  Fig.  8.) 
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Southern  Pacific  Lines: 

Indestructible  Concrete  Ties. —  (I.  A.  Cottingham,  Special  Engineer, 
August  13,  1917.)  Description:  Cement,  sand,  gravel  and  steel.  Main 
track  or  siding :  Main  line  at  lead  switch.  Weight  of  rail :  65-lb. 
Character  of  sub-grade:  Cinders.  Number  of  ties  per  30- ft.  rail:  16 
ties.  Total  number  of  ties  laid :  23.  Date  installed :  May  5,  1916. 
Weight  of  tie:  660  lb.  Cost:  Approximately  $1.80  per  tie.  Point  of 
manufacture :  Some  at  Eagle  Pass  and  at  Dallas,  Tex.  Do  not  under- 
stand that,  they  are  manufactured  on  a  large  scale,  but  just  made  for 
test  purposes.  List  showing  where  used,  if  at  more  than  one  point : 
Know  of  no  other  place  with  the  exception  of  Eagle  Pass.  Photograph  : 
Attached.     (See  Fig.  9.) 

Union  Railroad: 

No  progress  report  received. 
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REPORT  OF  COMMITTEE  I— ON  ROADWAY. 

W.  M.  Dawley,  Chairman;  J.  A.   Spielmann,    V ice-Chairman; 

J.  R.  W.  Ambrose,  H.  W.  McLeod, 

H.  E.  Astley,  C.  M.  McVay, 

C.  W.  Brown,  F.  M.  Patterson, 

S.  P.  Brown,  W.  H.  Petersen, 

B.  M.  Cheney,  P.  Petri, 

C.  W.  Cochran,  W.  F.  PurdV, 
W.  C.  Curd,  R.  A.  Rutledge, 
Paul  Didier,  W.  H.  Sellew, 
S.  B.  Fisher,  J.  M.  Sills, 

W.  C.  Kegler,  G.  R.  Talcott, 

F.  Ringer,  W.  P.  Wiltsee, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  on  Roadway  herewith  presents  its  annual  report 
for  the  year  1917. 

The  following  subjects  were  assigned  by  the  Board  of  Direction: 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and  submit  definite  recommendations  for  changes. 

2.  Subsidence  Under  Embankment.— Methods  of  determining  extent, 
character  and  effect. 

3.  Shrinkage  of-  Embankments. — Select  a  number  of  specific  in- 
stances reciting  all  the  conditions,  such  as  locality,  weather,  foundation, 
etc.,  to  be  used  as  a  guide  in  estimating  shrinkage. 

4.  Report  on  prevention  and  cure  of  water  pockets  in  roadbed. 

5.  Continue  the  study  of  unit  pressures  allowable  on  roadbeds  of 
different  materials  co-operating  with  Special  Committee  on  Stresses  in 
Railroad  Track. 

6.  Consider  and  report  on  the  best  method  for  draining  road\va\ 
through    stations    and    yards. 

Circumstances  beyond  the  control  of  your  Committer  have  prevented 
it   from  giving   to   the   above   subjects,   other  than    No.   6,   the    full   con 
sideration  necessary   for  making  a  satisfactory  report   thereon;    bat    one 
meeting  of  the  Committee  as  a  whole  in  Chicago  and  one  Bab  Committee 
meeting  in   New  York  were  held  during  the  year. 

Some  progress  has  been  made  in  the  consideration  <>t  subjects  Nos. 
1  to  5  and  your  Committee  would  ask  that  thej  It  reassigned  for  con- 
sideration and  report  next  year. 
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(6)     REPORT  ON  THE  BEST  METHOD  FOR  DRAINING  ROAD- 
WAY THROUGH  STATIONS  AND  YARDS. 
Sub-Committee 
W.   P.  Wiltsee,   Chairman;  C.    W.    Brown, 

H.   E.   Astley,  H.   W.   McLeod, 

J.  M.  Sills. 
Through   the   office   of   the   Secretary   the    following   letter    was    sent 
to   representatives   of   about   fifty   of   the   larger    railroads    in    the   Asso- 
ciation : 

"One  of  the  subjects  assigned  the  Roadway  Committee  of  the  Amer- 
ican Railway  Engineering  Association  is  "Consider  and  report  on  the 
best  method  for  draining  roadway  through  stations  and  yards.'  For  the 
benefit  of  the  Sub-Committee  handling  this  matter,  will  you  please  fur- 
nish them  any  information  regarding  this  subject  you  can? 

"(1)  What  is  the  practice  on  your  railroad  for  handling  drainage  of 
this  kind? 

"(2)  Have  you  ever  had  any  special  cases  for  which  you  provided  a 
remedy?  If  so,  please  furnish  full  information  regarding  conditions  and 
remedy. 

"In  furnishing  this  information,  please  give  full  details  as  to  size 
of  yards,  number  of  tracks,  grades,  kind  of  material  roadbed  is  composed 
of,  kind  and  depth  of  ballast,  etc. 

"Please  mail  your  replies  direct  to  the  Chairman  of  the  Sub-Commit- 
tee, Mr.  W.  P.  Wiltsee,  Assistant  Engineer,  Norfolk  &  Western  Railway 
Company,  Roanoke,  Va." 

About  twenty  replies  to  this  letter  were  received,  a  short  synopsis 
of  which  follows : 

Seaboard  Air  Line  Railway  Company. 

In  the  larger  freight  yards,  use  corrugated  iron  pipe  under  track, 
six  or  eight  inches  below  subgrade,  connecting  between  tracks  to  catch 
basins.  At  stations  having  concrete  platforms  and  tracks  in  pairs  be- 
tween platforms,  drainage  is  carried  to  an  open  ditch  between  tracks, 
thence  through  drain  pipes  under  track  to  a  suitable  outlet.  In  special 
cases  through  yards,  have  built  slight  humps  in  yard  tracks  to  direct 
the  flow  of  water  to  small  catch  basins  draining  into  cast  iron  drains. 
Use  cinder  ballast  in  yards. 

Grand  Trunk  Railway  System. 

Have  made  no  special  provisions  for  draining  roadway  through  sta- 
tions and  yards,  except  usually  maintaining  main  tracks  at  a  slightly 
higher  level  to  form  a  water  shed,  and  draining  through  open  drains 
around  the  stations  and  yard  tracks.  When  impracticable  to  drain  around 
stations  and  yard  tracks,  covered  drains  are  used. 

Illinois  Central  Railroad. 

Each  case  considered  a  separate  proposition.  In  case  of  stations, 
have  laid  tile  between  tracks  and  the  curbing  of  the  platform,  but  do  not 
recommend  this  practice.  Best  results  have  been  obtained  by  cutting  out 
the  track  and  putting  a  deep  bed  of  good  ballast  under  it.  In  yards  have 
obtained  best  results  from  installing  a  system  of  catch  basins  and  lateral 
drains. 
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Philadelphia  &  Reading  Railway. 

For  station  grounds  provide  catch  basins  and  pipe  drains. 
For  yard  tracks  use  18  inches  of  cinder. 

Wherever  possible,  provide  open  'ditches  to  carry  off  the  water,  and 
where  necessary,  use  pipe  drains  with  inlets. 

New  York  Central  Railroad,  West  of  Buffalo. 

Place  tracks  adjacent  to  main  lines  about  two  inches  below  them,  each 
succeeding  track  being  stepped  down  to  suit  the  normal  trend  of  drain- 
age. This  method  applies  more  particularly  to  small  yards.  In  larger 
yards,  where  necessary,  provide  a  number  of  transverse  culverts,  with 
frequent  inlets.  Use  a  large  quantity  of  porous  sub-ballast — in  some  cases 
two  or  three  feet  of  cinders  or  slag. 

Bangor  &  Aroostook  Railroad. 

Usually  use  wooden  boxes  about  10  in.  by  10  in.  section,  with  top 
flush  with  top  of  tie,  for  draining  inside  the  yard ;  drainage  outside  of 
yard  cared  for  by  culverts.     Use  12  inches  of  gravel  ballast. 

Pennsylvania  Railroad. 

Use  porous  terra  cotta  tile  or  Gallion  cast  iron  drain  between  tracks. 
Where  subsoil  is  of  such  a  nature  that  such  drains  are  quickly  filled  with 
silt,  dig  a  trench  about  three  feet  between  tracks  and  fill  it  with  large 
stone.  In  special  cases  have  used  three-foot  square  wooden  boxes  between 
tracks.  For  drainage  at  station  platforms,  follow  as  a  general  plan  the 
placing  of  terra  cotta  drain  pipe  not  less  than  12  inches  in  diameter  laid 
on  the  line  of  the  standard  ditch  under  the  station  platform,  with  6-inch 
drain  pipes  leading  to  it  from  a  cteosoted  wooden  drain  pipe  between 
tracks,  three  to  four  feet  below  base  of  rail.  Use  deep  sub-ballast  of 
cinder. 

Mobile  &  Ohio  Railroad. 

Surface  drainage  taken  care  of  by  culverts.  Have  never  had  occa- 
sion to  provide  special  drainage  in  yards,  most  of  which  are  constructed 
of  cinders  and  drain  readily.  Take  care  of  surface  water  by  necessary 
ditches  and  sewer  system.  Where  necessary,  use  sub-surface  tile  drains 
of  bell  end  vitrified  pipe,  about  four  feet  under  subgrade,  on  at  least  0.3 
per  cent.,  filling  ditch  with  porous  material.  Keep  ballast  between  tracks 
three  inches  below  ties.     Use  cinder  ballast. 

St.  Louis  Southwestern  Railway. 

Take  care  of  surface  water  by  large  drains  or  ditches  ami  cross  tracks 
by  wooden  box   culverts. 

Atlantic  Coast  Line  Railroad. 

Take  care  of  drainage  for  yards  and  stations  by  surface  drain  between 
the  ties,  or  by  small  pipes  placed  under  the  ties.  In  a  few  instances  have 
placed  terra  cotta  pipe  for  leading  water  to  favorable  points  of  discharge. 
Soil  forming  the  roadway  in  most  all  cas<  9  Containing  a  large  amount 
of  sand. 

Ihdutli,  South  Shore  ■  ■  Atlantic  Railway 

Usually  lay   sewer   tile  of   suitable    diameter,    with    socket    joints, 

led,  connecting  with  catch  basins  between  tracks.    These  catch  basins 

overed  with  heav)  win-  netting;  from  them  drains  lead  to  trunk  line 

sewers,     in  some  cases  cross-drains  of  farm  tile  arc  laid  under  sidings 

and  driveways  to  connections  with  above  described  drains. 
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(  hicago,  St.  Paul,  Minneapolis  &  Omaha  Railroad. 

Use  drain  tile  covered  with  straw,  and  filling  up  remainder  of  trench 
with  coarse  cinders,  constructed  between  tracks. 

Pennsylvania  Lines  West. 

Where  necessary  for  draining  through  yards,  construct  trunk  sewers 
parallel  with  the  tracks,  with  lateral  drains  from  50  ft.  to  100  ft.  apart, 
as  conditions  require.  Catch  basins  provided  at  each  lateral  connection 
with  trunk  sewers  and  between  tracks  on  the  laterals.  Grades  on  sew- 
ers not  less  than  0.3  per  cent.  At  station  platforms,  have  frequently 
improved  drainage  by'  laying  vitrified  tile  sewer  pipe  between  tracks 
within  the  limits  of  the  platform,  with  catch  basins  at  frequent  intervals. 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway. 

Use  a  system  of  sewers  with  appurtenances,  catch  basins,  etc.  Use 
subdrains  of  title,  laid  a  sufficient  depth  below  subgrade  to  be  unaffected 
by  frost  or  movement  of  track,  and  cover  with  cinders. 

Elgin,  Joliet  &  Eastern  Railway. 

Where  sub-drainage  is  necessary,  use  porous  drain  tile,  back-filled 
with  cinders,  gravel  or  other  porous  materials.  Generally  provide  drain- 
age through  ballast  to  subgrade. 

Missouri,  Kansas  &   Texas  Railway. 

In  some  cases  use  storm  sewers,  with  inlets  properly  located  to  carry 
off   surface   water.     Where   necessary,    install    sub-drains. 

Toronto,  Hamilton  &  Buffalo  Railway. 

Use  open  ditches  around  the  yard,  with  cross-drains  of  12-in.  tile  250 
ft.  apart,  and  with  catch  basins  between  tracks. 

St.  Louis-San  Francisco  Railway. 

In  many  cases,  use  drainage  system  of  vitrified  pipe,  from  which 
laterals  extend ;  also  use  catch  basins  between  tracks.  Use  open  ditches 
wherever  practicable.  Use  slightly  different  elevations  for  various  yard 
tracks  so  as  to  make  a  natural  water  shed  of  the  yard. 

New  York,  New  Haven  &  Hartford. 

Use  cross-drains  with  frequent  catch  basins  in  larger  yards,  with 
special  consideration  for  the  best  drainage  along  ladder  tracks.  At  sta- 
tion platforms,  have  had  good  results  with  open  ditches,  under  wooden 
platforms  or  between  tracks.  Side  drains  with  a  good  supply  of  coarse 
material  around  joints  have  given  excellent  results. 

Missouri  Pacific  Railroad. 

Locate  main  sewers  along  lines  of  natural  drainage,  running  laterals 
along  or  under  the  tracks,  with  inlets  between  tracks,  and  especially  in  the 
vicinity  of  switches. 
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CONCLUSIONS. 

After  consideration  and  discussion  of  the  above  replies  the  following 
corftlusions  were  drafted  and  are  submitted  for  your  approval : 

1.  The  drainage  of  roadway  through  stations  and  yards  should  be 
treated  in  accordance  with  local  conditions. 

2.  Surface  water  should  be  carried  off  roadbed  into  drains  as  quickly 
as  possible. 

3.  Items  influencing  mode  of  procedure  are :  Soil  condition,  con- 
tour of  adjacent  grounds,  grade  of  tracks,  number  of  tracks,  amount  of 
rainfall,  etc. 

4.  Surface  water  should  be  taken  care  of  first  by  open  ditches  as 
much  as  possible,  where  they  will  not  interfere  with  the  work  of  employes 
or  the   safety  of  passengers. 

5.  Where  the  subgrade  is  of  such  a  nature  that  it  will  absorb  water 
and  not  retain  it,  a  sub-ballast  of  engine  cinders  should  be  used,  the 
surface  of  which  should  not  be  allowed  to  become  foul,  but  kept  open 
so  that  water  will  penetrate  the  subgrade  through  the  cinder.  Where  the 
subgrade  will  hold  water,  special  effort  should  be  made  to  carry  it  away 
from  the  subgrade  by  means  of  drains. 

6.  Tracks  in  yards  should  be  so  constructed  where  practicable  that 
tracks  adjacent  to  main  lines  will  be  about  two  inches  below  them  and 
each  succeeding  track  stepped  down  to  suit  the  normal  trend  of  drainage, 
thus  providing  drainage  laterally  as  well  as  longitudinally. 

7.  Cross-drains  of  cast  iron  pipe,  with  catch  basins  between  tracks, 
should  be  placed  where  necessary. 

8.  If  the  subsoil  is  of  such  a  nature  that  it  retains  water  and  becomes 
saturated  therewith,  place  bell  and  vitrified  drain  pipe  with  open  joints 
between  tracks  and  about  four  feet  below  base  of  rail,  using  special  care 
to  put  them  below  frost  and  deep  enough  to  get  below  the  movement  of 
the  soil;  these  pipes  running  into  cross-drains  leading  to  natural  drainage. 

9.  If  subsoil  is  silty  or  of  such  consistency  as  to  quickly  fill  up 
the  pipe,  a  wide  ditch  should  be  dug,  preferably  between  tracks,  and  filled 
with  large  stone,  having  pipes  leading  off  from  it  to  the  natural  drainage. 

10.  At  station  platforms  a  subdrairi  of  iron  pipe,  with  catch  lusin- 
at  frequent  intervals,  should  be  laid  alongside  the  curbing,  or  boll  end 
vitrified  pipe  may  be  laid  between  tracks  a  sufficient  depth  to  be  below 
frost  and  movement  of  the  soil.  These  drains  to  be  connected  by  means 
of  side  drains  to  natural  ditches,  or  in  cuts  to  bell  end  vitrified  suhdrain 
laid  in  the  ditch  line. 

RECOMMENDATIONS    FOR   NEXT    YEAR'S   WORK 

As  before  stated,  your  Committee  recommends  that  Subjects  1  to  5, 
inclusive,  assigned  for  consideration  this  year  be  reassigned  for  next 
year's  work. 

Respectfully  submitted, 

I'm   Com  m  i  in  i   .in  Roadway. 
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John  D.  Isaacs,  Chairman;  R.  Montfort,   V ice-Chairman; 

E.  E.  Adams,  C.  F.  Loweth, 

E.  B.  Ashby,  H.  B.  MacFarland, 

J.  A.  Atwood,  C.  A.  Morse, 

A.  S.  Baldwin,  A.  W.  Newton, 

W.  C.  Barnes,  J.  R.  Cnderdonk, 

Chas.  S.  Churchill,  G.  J.  Ray, 

W.  C.  Cushing,  H.  R.  Safford, 

G.  M.  Davidson,  J.  P.  Snow, 

Dr.  P.  H.  Dudley,  F.  S.  Stevens, 

J.  M.  R.  Fairbairn,  Earl   Stimson, 

L.  C.  Fritch,  R.  Trimble, 

A.  W.  Gibbs,  M.  H.  Wickhorst, 

Howard  G.  Kelley, 

Committee. 
To  the  American  Raihvay  Engineering  Association: 

Your  Committee  on  Rail  respectfully  submits  herewith  its  report  to 
the  Nineteentli  Annual  Convention. 

The  subjects  assigned  the  Committee  for  1917  by  the  Board  of  Direc- 
tion for  investigation  and  report  were  as  follows : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes,  giving  special  atten- 
tion to  the  rail  designs  recently  adopted  and  to  the  specifications  for 
carbon  steel  rails  and  joint  bars. 

2.  Report  on  rail  failures  and  present  statistics  and  conclusions  as  to 
causes  and  submit  suggestions  for  improvement. 

3.  Continue  special  investigation  of  rails. 

4.  Report  on  track  bolts  and  nutlocks. 

5.  (a)  Report  on  details  of  manufacture  and  mill  practice  as  they 
affect  rail  quality. 

(b)     Continue    research    on    the    possibility    of    various    improve- 
ments in  methods  of  manufacture  of  steel  rails. 

6.  Make  critical  study  of  joint  bars   from  the  standpoint  of  design 
and  material,  together  with  laboratory   tests,   including  strain-gage  meas 
urements    after    having    established    a    uniform    method    for    comparative 
testing. 

7.  Report  on  relative  value  of  material  for  joint  bars,  quenched  onlj 
versus  quenched  and  tempered,  and  whether  it  is  most  advantageous  to 
quench  in  oil  or  water,  submitting  specifications  then 

8.  Report  on  rational  relation  between  intensity  of  pressure  due  ti> 
wheel  loads  and  resistance  of  rail  steel  to  crushing  and  deformation. 

9.  Continue  investigation  and  development  of  methods  of  inspection 

10.  Report  on  Federal  and  State  Commission  rulings. 
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Meetings  were  held  in  1917  as  follows:  Pittsburgh,  April  24,  with 
12  present ;  Atlantic  City,  June  25,  with  18  present ;  Chicago,  November 
22,  with  14  present. 

(1)     REVISION  OF  MANUAL. 

The  Manual  for  1915,  page  88,  shows  three  locations  of  borings  for 
chemical  analyses  of  rails,  one  in  an  upper  corner  of  the  head,  one  in 


The^e  tests  shall  be  made 
on  the  gauge  side. 

In  the  case  of  curve  worn 
rail  the  samples  shall  be 
taken  from  as  near  the 
ed§e  as  possible. 

If  the  amount  of  abrasion 
should  be  too  great,  then 
the  samples  must  be  taken 
from  the  opposite  corner  of 
the  heed,  but  the  report 
should  state  the  fact. 


FOR  CHEMICAL  ANALYSES 


FOR  PHYSICAL  TEST  PIECES 


,  not 
anifiT       — . 

'* 

!   ** 

,9'fiauqg  Itnylh.  , 

NOTE:-    The  Gauge  Length,  Parallel  Portions  and 
Fillets  shall  be  as  shown  but  the  ends 
may  be  of  any  form  which  will  fit  the 
holders  of  the  testing  machine. 


Fig.   1. — Locations  of  Samples  from   Rails  for   Chemical  Analyses 
and  Physical  Tests. 


the  interior  of  the  head  near  the  web  and  the  third  in  a  flange.  Experi- 
ence and  special  tests  have  shown  that  the  samples  from  the  corner  of  the 
head  and  from  the  flange  have  about  the  same  chemical  composition  and 
for  general  purposes  the  flange  sample  may  be  omitted. 

The  same  page  of  the  Manual  also  shows  a  drawing  for  the  tensile 
test  specimen  of  one-half  inch  diameter  and  two  inches  gage  length,  with 
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threaded  ends.  This  followed  the  standard  of  the  American  Society  for 
Testing  Materials,  who  have  modified  their  standard  by  omitting  the 
threaded  ends  and  allowing  the  ends  to  be  of  any  form  which  will  fit  the 
holders  of  the  testing  machine.  Our  drawing  should  also  be  modified  in 
the  same  manner  to  accord  with  current  practice  in  testing  laboratories. 
A  drawing  is  given  herewith  as  Fig.  1,  showing  these  changes  and  the 
Rail  Committee  recommends  this  drawing  be  substituted  for  the  one  on 
page  8S  of  the  1915  Manual. 

The  1915  Manual  contains  "Specifications  for  High-Carbon  Steel 
Joint  Bars"  (page  89)  and  "Specifications  for  Heat-Treated,  Oil-Quenched 
Steel  Joint  Bars"  (page  91).  At  the  convention  of  the  Association  in 
March,  1916,  the  Committee  submitted  "Specifications  for  Quenched  Car- 
bon and  Quenched  Alloy  Steel  Joint  Bars,"  to  be  held  over  for  one  year 
(Proc.  1916,  pages  488  and  920).  At  the  1917  convention,  some  changes 
were  submitted  and  it  was  again  recommended  that  the  specifications  be 
held  over  for  another  year  (Proc.  1917,  pages  908  and  1457).  The  Com- 
mittee now  presents  these  specifications  as  modified  last  year  as  Appendix 
A,  with  the  recommendation  that  they  be  adopted  and  supersede  in  the 
Manual  the  "Specifications  for  Heat-Treated,  Oil-Quenched,  Steel  Joint 
Bars." 

As  explained  below  in  the  discussion  of  Subject  4,  the  Committee 
recommends  new  track  bolt  specifications  to  take  the  place  of  those  now 
in  the  Manual. 

(2)     RAIL  FAILURE  STATISTICS. 

The  statistics  covering  rail  failures  for  the  period  ending  October  31. 
1916,  were  issued  in  Bulletin  199  for  September,  1917.  (See  Appendix  D.) 
The  average  failures  per  100  track  miles  of  the  rollings  for  the  several 
years,  including  both  Bessemer  and  open-hearth  rails,  are  given  herewith. 
This  summary  includes  statistics  from  reports  for  1913,  1914,  1915  and 
1916: 

Year 
Rolled 

1908   

1909    

1910    

1911    

1912  

1913    

1914    

1915    


Years  Service 

1 

2 

3 

4 
224.1 

5 
398.1 
277.8 

124.0 

152.7 

198.5 

.... 

77.0 

104.4 

133.3 

176.3 

28.9 

32.1 

49.3 

78.9 

12.5 

25.8 

448 

8.2 

19.8 

8.9 

It  will  be  noted  that  tin-  four  years'  rollings  from  1908  to  1911,  In 
elusive,  show  il  numbers  or  failures  compared  on  .' 

basis  of  five  years'  service  and  the  later  rollings  compared  on  a  shorter 
period  of  service    also  show  reductions,     The  improvement  may  probably 


412  RAIL. 

be  ascribed  mostly  to  three  things,  namely,  the  gradual  replacement  of 
Bessemer  by  open-hearth  rails,  the  adoption  of  heavier  rails  with  stronger 
bases,  and  the  improvement  of  the  metal  used  for  rails. 

(3)     SPECIAL  INVESTIGATIONS. 

During  the  year  special  reports  have  been  presented  by  the  Rail  Com- 
mittee as  follows : 

X,,  64— Mill  Inspections  of  Rail  in  1915  and  1916,  by  M.  H.  Wick- 
horst.     (Bulletin  199.)      (See  Appendix  C.) 

No.  65— Rail  Failure  Statistics  for  1916,  by  M.  H.  Wickhorst.  (Bul- 
letin 199.)      (See  Appendix  D.) 

No.  66 — Influence  of  Gage  Length  on  Elongation  in  Drop  Test  of 
Rails,  by  M.  H.  Wickhorst.     (Bulletin  199.)     (See  Appendix  E.) 

No.  67 — Tests  of  Manganese  Steel  Rails,  by  M.  H.  Wickhorst.  (Bul- 
letin 199.)      (See  Appendix  F.) 

No.  68 — Inhibited  or  Delayed  Transformations  in  Rail  Heads,  by 
Dr.  P.  H.  Dudley.     (Bulletin  203.)      (See  Appendix  G.) 

No.  69 — Intensity  of  Pressure  on  Rails,  by  a  Sub-Committee,  J.  R. 
Onderdonk,  chairman.     (Bulletin  203.)      (See  Appendix  H.) 

The  paper  on  "Mill  Inspections  of  Rail  in  1915  and  1916"  is  dis- 
cussed below  under  subject  "Mill  Practice." 

The  paper  on  "Influence  of  Gage  Length  on  Elongation  in  Drop  Test 
of  Rails"  gives  a  comparison  of  the  per  cent,  of  elongation  when  meas- 
ured over  six  inches  and  over  one  inch.  An  elongation  of  six  per  cent, 
in  six  inches  is  equivalent  to  about  7.3  per  cent,  in  the  "maximum"  inch. 

The  paper  on  "Tests  of  Manganese  Steel  Rails"  is  a  compilation  of 
reports  of  tests  of  manganese  steel  rails  furnished  by  a  number  of  rail- 
roads represented  on  our  Rail  Committee.  According  to  these  results, 
manganese  steel  rails  abraded  much  less  on  sharp  curves  than  carbon 
steel  rails,  but  they  became  somewhat  more  distorted  by  spreading  and 
drooping  of  the  head. 

The  paper  on  "Inhibited  or  Delayed  Transformations  in  Rail  Heads" 
discusses  the  cause  of  internal  fissures  in  rails  as  worked  out  by  Dr.  Dud- 
ley on  the  New  York  Central  Lines. 

The  paper  on  "Intensity  of  Pressure  on  Rails"  is  discussed  below  as 
Subject  8. 

(4)     TRACK  BOLTS  AND  NUTLOCKS. 

At  the  convention  of  the  Association  in  March,  1916,  the  Rail  Com- 
mittee submitted  "Specifications  for  Quenched  Carbon  and  Quenched 
Alloy  Steel  Track  Bolts  with  Nuts,"  and  "Specifications  for  Medium 
Carbon  Steel  Track  Bolts  with  Nuts,"  as  shown  on  pages  490-494,  in- 
clusive, of  the  1916  Proceedings.  The  action  of  the  convention  was  that 
these  specifications  be  "held  under  consideration  during  the  coming  year 
with  a  view  to  final  action  next  year."  (See  page  920  of  the  1916  Pro- 
ceedings.)    No  action  was  taken  on  this  matter  at  the  1917  convention. 
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The  Committee  now  recommends  that  the  specifications  submitted  in  1916, 
with  some  changes,  be  adopted  by  the  Association  for  insertion  in  the 
Manual  in  place  of  the  "Specifications  for  Track  Bolts"  appearing  on 
pages  123,  124  and  125  of  the  1915  edition.  The  specifications  now  recom- 
mended are  given  as  Appendix  B  and  the  changes  from  those  submitted 
in  1916  consist  of  additions  as  follows : 

Section  4 — Both  specifications. 

After  the  first  sentence  there  has  been  added,  "It  shall  be  homo- 
geneous and  when  broken  in  tension,  shall  show  a  uniformly  silky 
fracture." 

Section  6 — Both  specifications. 

At  the  end  of  the  first  sentence,  after  the  word  "material,"  there  has 
been  added,  "and  any  other  elements  used  to  obtain  the  specified  physical 
properties." 

Section  14 — For  Quenched  Bolts. 

Section  13 — For  Medium  Carbon  Bolts. 

After  "threads"  there  has  been  inserted,  "be  well  oiled  to  prevent 
rust,  etc." 

(5)     MILL  PRACTICE. 

Information  was  gathered  from  the  members  of  the  Rail  Committee 
as  to  the  results  of  their  inspections  of  rail  at  the  mills  which  were  given 
in  the  paper  on  "Mill  Inspections  of  Rail  in  1915  and  1916."  This  paper 
gave  the  general  results  of  the  mill  inspections  of  rail  manufactured  in 
1915  and  1916  for  some  of  the  railroads  and  also  gives  some  discussion 
of  the  specifications  on  which  the  rails  were  bought.  According  to  these 
results  the  average  top  discard  from  the  ingot,  of  all  rails,  was  17.9  per 
cent. ;  the  average  elongation  in  the  drop  test  was  14.5  per  cent. ;  and 
the  rejections  were  6.4  per  cent.  Of  all  rejections,  42  per  cent,  were 
A  rails. 

(6)  Study  of  joint  bars  from  standpoint  of  design  and  material. 

(7)  Relative  value  of  various  heat  treatments. 

Tests  are  being  made  and  the  Committee  reports  progress  on  these 
subjects. 

(8)     INTENSITY  OF  PRESSURE  AND  RAIL  RESISTANCE. 

Extensive  tests  were  made  on  the  reciprocating  wheel  load  ma- 
rliine  at  Sparrows  Point,  Md.,  dealing  with  the  crushing  effect  on  rail 
in.  t.il  mi'  various  wheel  loads,  the  report  of  which  is  issued  as  K< 
port  60,  Appendix  II,  in  this  Bulletin.  Small  tapered  holes  wire  drilled 
through  from  side  to  side  of  the  head  of  test  rails  at  various  distances 
below  the  top  of  the  head  and  accurately  fitted  with  tapered  pins.  Any 
flowage  of  tlie  metal   under   rolling   wheel   loads  would   cause   a  flattening 
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of  the  holes  and  its  amount  could  be  measured  by  the  distance  the  pins 
lacked  of  going  into  their  original  position. 

Dr.  P.  H.  Dudley  has  made  some  extensive  measurements  on  rails 
in  track,  of  the  areas  of  contact  and  the  distribution  of  the  intensity 
of  the  pressure  within  the  area  of  contact,  the  results  of  which  are 
also  given  in  the  report. 

For  the  present,  the  only  conclusions  that  can  be  drawn  from  the 
tests  which  have  been  made  are  but  indications,  as  follows : 

Laboratory   Tests: 

1.  That  for  this  section  and  composition  of  rail,  initial  loads  of 
30,000  lbs.  or  more  per  wheel  of  cast  iron  and  chilled  tread,  of  33  inches 
in  diameter,  were  too  great  for  the  transverse  holes,  and  produced  flow 
or  closure  at  least  3^-inch  below  the  bearing  surface. 

2.  That  loads  of  25,000  lbs.  produced  but  slight  flow  or  closure  in 
the  three  uppermost  transverse  holes,  and  this  extending  not  more  than 
^-inch  in  depth. 

3.  That  preliminary  light  loads,  by  cold-rolling  the  surface,  may 
adapt  the  material  to  subsequent  heavier  loads. 

Field  Tests: 

4.  The  diagrams  of  the  plotted  tables  show  that  the  stresses  in  the 
metals  are  locally  less  severe  than  we  had  expected  to  find  in  the  surfaces 
of  the  pressure  zone  contacts  of  the  wheel  tread  and  the  rail  head. 

5.  It  is  important,  as  the  theory  and  evidence  show  that  the  metal 
of  the  circumjacent  layer  of  each  pressure  zone  of  contact  for  the  wheel 
tread,  also  that  of  the  rail  head,  is  in  position  not  only  to  utilize  the 
elasticity  of  the  metal  to  help  carry  a  given  load,  but  to  increase  in  area 
within  the  elastic  limits  of  the  metals  nearly  in  proportion  to  the  loads 
applied. 

6.  The  action  of  the  rolling  wheels  on  the  rail  heads  is  a  gradually 
applied  load  from  zero  to  the  maximum,  then  reducing  again  to  zero, 
both  for  a  unit  length  in  the  wheel  tread  or  rail  head,  and  is  not  a  sud- 
denly applied  load,  even  for  a  mile-a-minute  or  faster  trains. 

7.  The  round  type  of  area  of  contact  shows  the  greatest  average 
unit  intensity  of  pressure. 

8.  The  longitudinal  oval,  or  the  transverse  oval  type  indicates  the 
lowest  average  unit  intensity  of  pressure. 

9.  The  longitudinal  elliptical  or  transverse  elliptical,  in  which  the 
major  axis  is  two  or  more  times  the  width  of  the  minor  axis,  indicates 
also  a  favorable  average  unit  intensity  of  pressure. 

10.  The  transverse  oval  or  elliptical  under  steel  or  cast-iron  wheels 
is  more  favorable  for  the  rail  head  than  the  round. 

11.  The  reciprocal  relations  of  the  loads  carried  on  the  metal  of  the 
wheel  treads  to  the  metal  of  the  rail  heads  should  be  studied  from  the 
voluminous   service   tests   now   available. 
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(9)     METHODS  OF  INSPECTION. 

Last  year  a  paper  was  presented  on  "Rail  Tests,  Quick  Bend 
Method,"  which  gave  the  results  of  tests  of  rails  by  the  Pennsylvania 
Railroad  by  means  of  an  hydraulic  bender.  It  is  thought  that  in- 
spection of  rails  by  the  hydraulic  bender  could  be  carried  on  much 
quicker  than  by  the  drop  test.  The  Pennsylvania  Railroad  is  testing 
rails  by  this  means  while  carrying  on  the  regular  drop  tests  in  the  in- 
spection of  them,  and  it  is  hoped  that  a  full  comparison  of  the  two 
methods  will  be  obtained. 

(10)     COMMISSION  RULINGS. 

The  Committee  has  been  gathering  information  and  reports  progress 
on  this  subject. 

RECOMMENDATIONS. 

Your  Committee  submits  the  following  recommendations  for  the  ap- 
proval of  the  Association : 

1.  That  the  locations  for  the  physical  test  specimens  and  for  chem- 
ical samples  from  rails  as  submitted  with  this  report,  be  adopted  by  the 
Association  to  replace  the  diagrams  shown  on  page  88  of  the  1915  Manual. 

2.  That  the  "Specifications  for  Quenched  Carbon  and  Quenched 
Alloy  Steel  Joint  Bars,"  submitted  with  this  report,  be  adopted  by  the 
Association  and  be  substituted  for  the  "Specifications  for  Heat-Treated, 
Oil-Quenched,  Steel  Joint  Bars,"  on  pages  91  to  93  of  the  1915  Manual. 

3.  That  the  specifications  for  "Quenched  Carbon  and  Quenched 
Alloy  Steel  Track  Bolts  with  Nuts"  and  the  "Specifications  for  Medium 
Carbon  Steel  Track  Bolts  with  Nuts,"  submitted  with  this  report,  be 
adopted  by  the  Association  and  be  substituted  for  the  "Specifications  for 
Track  Bolts,"  on  pages  123  to  125  of  the  1915  Manual. 

RECOMMENDATIONS  FOR  FUTURE  WORK. 

The  Committee  recommends  that  the  same  topics  be  reassigned  for 
1918  as  were  given  the  Committee  for  the  past  year. 

Respectfully  submitted, 

The  Committee  on   Rail. 
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SPECIFICATIONS  FOR  QUENCHED  CARBON  AND  QUENCHED 
ALLOY  STEEL  JOINT  BARS. 

Access  to  Works. 

1.  Inspectors  representing  the  purchaser  shall  have  free  entry  to 
the  works  of  the  manufacturer  at  all  times  while  the  contract  is  being 
executed  and  shall  have  all  reasonable  facilities  afforded  them  by  the 
manufacturer  to  satisfy  them  that  the  joint  bars  have  been  made  in 
accordance  with  the  terms  of  the  specifications. 

Place  for  Tests. 

2.  All  tests  and  inspection  shall  be  made  at  the  place  of  manufacture, 
prior  to  loading,  and  shall  be  so  conducted  as  not  to  interfere  unneces- 
sarily with  the  operation  of  the  mill. 

Rejection  at  Destination. 

3.  Joint  bars  which  show  injurious  defects  subsequent  to  their  ac- 
ceptance at  the  place  of  manufacture  or  sale  will  be  rejected  and  returned 
to  the  manufacturer,  who  shall  pay  the  freight  charges  both  ways. 

Material. 

4.  Material  for  joint  bars  shall  be  steel  made  by  the  Open-Hearth 
process  or  an  acceptable  alloy  steel. 

Chemical    Properties. 

5.  The  chemical  composition  of  each  melt  of  steel  from  which  joint 
bars  are  manufactured  shall  be  within  the  following  limits: 

Carbon,    per    cent 0.42  to  0.55 

Phosphorus,  per   cent.,   maximum 0.04 

Note. — In  the  event  of  nickel  and  chromium  being  present  to  the 
extent  of  1.00  per  cent,  and  0.35  per  cent.,  respectively,  these  elements 
will  be  considered  as  the  equivalent  of  0.07  per  cent,  of  carbon  in  the 
above  requirements. 

6.  The  manufacturer  shall  furnish  the  inspector  a  complete  report 
of  ladle  analysis  showing  carbon,  manganese,  phosphorus  and  sulphur 
content  of  each  melt  represented  in  the  finished  material.  The  pur- 
chaser may  make  a  check  analysis  from  the  finished  material;  such 
analysis  shall  conform  to  the  requirements  of  Section  5. 

Physical   Properties  and  Tests. 

7.  Joint  bars  shall  conform  to  the  following  physical  requirements 

itched  Alloy 

Steel.  Steel. 

(a)  Tensile  strength,  lbs.  per  sq    in.,  minimum.    100,000  110,000 

(b)  Elastic  limit,  ll.s.  per   sq    in.,  minimum 70,000  85,000 

(c)  Elongation,  per  cent,  in  2  inches,  not  less 
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3,500,000 

(d)  Reduction  in  area,  per  cent,  not  less  than Ten  Str 

Minimum,  25  per  cent. 

(e)  Cold  bending  of  the  quenched  bar  without  sign  of  fracture 

on  the  outside  of  the  bent  portion  through  90  degrees 
around  an  arc,  the  diameter  of  which  is  three  times  the 
thickness  of  the  test  specimen. 

8.  All  test  specimens  shall  be  cut  from  finished  bars. 

(a)  The  tension  test  specimens  shall  be  about  4%  inches  long  with 
threaded  or  unthreaded  ends,  and  with  the  central  2-inch  length  turned 
to  a  ^2-inch  diameter,  in  accordance  with  the  form  and  dimensions  for 
tension  test  specimens  of  the  American  Society  for  Testing  Materials. 

(b)  The  bend  test  specimens  shall  be  ^2-inch  square  in  section  or  a 
rectangular  bar  J/2-inch  thick  with  two  parallel  faces  as  rolled. 

(c)  The  elastic  limit  shall  be  determined  by  the  use  of  the  Berry 
strain  gage,  or  similar  instrument,  and  will  be  the  load  when  the  elonga- 
tion shows  a  change  in  the  rate  of  stretch,  the  machine  being  operated  at 
not  more  than  ^-inch  per  minute.  After  the  elastic  limit  is  reached 
the  speed  shall  not  exceed  2  inches  per  minute. 

Quenching. 

9.  (a)  Joint  bars  shall  be  quenched  in  oil,  or  water  if  so  specified, 
from  a  temperature  of  about  810  degrees  Centigrade  (1490  degrees  Fah- 
renheit) and  shall  be  kept  in  the  bath  until  cold  enough  to  be  handled. 
A  group  thus  treated  is  known  as  a  quenching  charge. 

(b)  Material  which  requires  quenching  in  water  will  be  acceptable 
at  the  option  of  the  purchaser,  provided  it  meets  the  requirements  of 
the  specification  in  all  other   respects. 

General    Requirements. 

10.  Joint  bars  shall  be  rolled  to  dimensions  specified  in  drawing 
furnished  by  the  purchaser.  No  variation  will  be  allowed  in  the  dimen- 
sions affecting  the  fit  and  the  fishing  spaces  of  the  rail.  The  maximum 
camber  in  either  plane  shall  not  exceed  a^-inch  in  24  inches. 

11.  Joint  bars  shall  be  sheared  to  the  length  prescribed  by  the  pur- 
chaser and  shall  not  vary  therefrom  by  more  than  J^-inch. 

12.  (a)  All  joint  bars  shall  be  punched,  slotted  and  shaped  at  a 
temperature  of  not  less  than  800  degrees  Centigrade  (1470  degrees 
Fahrenheit). 

(h)  All  bolt  holes  shall  be  punched  in  one  operation  without  bulging 
or  distorting  the  section,  and  the  bars  shall  be  slotted  when  required 
for  spikes  in  accordance  with  the  purchaser's  drawing,  the  slotting  being 
done  in  one  operation.  A  variation  of  g^-inch  in  location  of  the  holes 
will  be  allowed. 

13.  All  types  of  joint  bars  shall  be  finished  smooth  and  true  with- 
out swelling  over  or  under  the  bolt  holes,  and  shall  be  free  from  flaws, 
seams,  checks  or  fins.    The  fishing  angles  shall  be  fully  maintained. 
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Branding. 

14  The  rolled  bar  shall  be  branded  or  marked  for  identification  in 
the   following  manner    and   a   portion   of    this   marking   shall   appear    on 

pxrh  finished  joint  bar: 

(a)  A  po  tion  of  the  name  of  the  manufacturer,  the  year  of  manu- 
facture  the  numbered  design  and  the  kind  of  material  shall  be  rolled 
in  raised  letters  and  figures  on  the  outside  of  the  bars. 

(I)  The  letters  "O  H"  shall  be  used  to  indicate  "Open-Hearth  Steel, 
c     The  letter  "Q"  shall  be  used  to  show  that  the  joint  bars  have 
been  "quenched."     If  the  joint  bars  are  also  tempered,  the  letters     QT 
shall  be  used  to  show  that  they  have  been  "quenched  and  tempered 

(d)   The  number  of  the  melt  shall  be  plainly   stenciled  on  each  lot 
of  bars. 
Inspection. 

15  The  joint  bars  from  each  melt  or  heat  treatment  lot  shall  be 
piled  separately  until  tested  and  inspected  by  the  inspector.  One  join 
bar  f"  tension  test  shall  be  selected  by  the  inspector  for  each  mel 
or  heat  treatment  lot  represented  in  finished  bars.  One  joint  tar  fo 
bend  test  shall  be  selected  by  the  inspector  for  each  lot  of  1000  bar, 
or  less  presented  or  from  each  heat  treatment  lot. 
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SPECIFICATIONS  FOR  QUENCHED  CARBON  AND  QUENCHED 
ALLOY  STEEL  TRACK  BOLTS  WITH   NUTS. 

Access  to  Works. 

1.  Inspectors  representing  the  purchaser  shall  have  free  entry  to  the 
works  of  the  manufacturer  at  all  times  while  the  contract  is  being  exe- 
cuted and  shall  have  all  reasonable  facilities  afforded  them  by  the  manu- 
facturer to  satisfy  them  that  the  bolts  and  nuts  have  been  made  in 
accordance  with  the  terms  of  the  specifications. 

Place  for  Tests. 

2.  All  tests  and  inspection  shall  be  made  at  the  place  of  manufacture, 
prior  to  loading,  and  shall  be  so  conducted  as  not  to  interfere  unneces- 
sarily with  the  operation  of  the  mill. 

Rejection  at  Destination. 

3.  Bolts  and  nuts  which  show  injurious  defects  subsequent  to  their 
acceptance  at  the  place  of  manufacture  or  sale  will  be  rejected  and 
returned  to  the  manufacturer,  who  shall  pay  the  freight  charges  both 
ways. 

Material. 

4.  Material  for  bolts  shall  be  steel  made  by  the  Open-Hearth  process 
or  an  acceptable  alloy  steel.  It  shall  be  homogeneous  and  when  broken 
in  tension,  shall  show  a  uniformly  silky  fracture.  Material  for  the  nuts 
shall  be  soft,  untreated  steel. 

Chemical    Properties. 

5.  The  chemical  composition  of  each  melt  of  steel  from  which 
track  bolts  are  manufactured   shall   be  within  the   following  limit: 

Phosphorus,   per  cent.,   maximum 0.04 

6.  The  manufacturer  shall  furnish  the  inspector  a  complete  report 
of  ladle  analysis  showing  carbon,  manganese,  phosphorus  and  sulphur 
content  of  each  melt,  represented  in  the  finished  material  and  any  other 
elements  used  to  obtain  the  specified  physical  properties.  The  purchaser 
may  make  a  check  analysis  from  the  finished  material ;  such  analysis 
shall  conform  to  the  requirements  of  Section  5.  The  drillings  for  check 
analysis  shall  be  taken  parallel  to  the  axis  and  from  the  end  of  the 
finished  bolt 

Physical   Properties  and  Tests. 

7.  Track  bolts  shall  conform  to  the  following  physical  requirements  : 

Carbon       .-lllov 
Steel.  Steel. 

(a)  Tensile  strength,  lbs,  per  sq,  in.,  minimum     100,0(10      lio.oon 

(b)  Vield  point,  lbs.  per  sq.  in.,  minimum....      70,000        S\000 

(c)  Elongation,  per  cent.,  in  2  inches,  not  less 
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(d)  Reduction  in  area,  per  cent,  not  less  than ^ !Fr~ 

(e)  Cold  bending  of  the  unthreaded  portion  of  the  finished  bolt 

without  fracture  on  the  outside  of  the  bent  portion  through 
90  degrees  around  an  arc,  the  diameter  of  which  is  three 
times  the  thickness  of  the  test  specimen. 

8.  All  test  specimens  shall  be  from  the  finished  bolts. 

(a)  The  tension  test  specimens  shall  be  about  4%  inches  long  with 
threaded  or  unthreaded  ends,  and  with  the  central  2-inch  length  turned 
to  a  ^-inch  diameter,  in  accordance  with  the  form  and  dimensions  for 
tension  test  specimens  of  the  American  Society  for  Testing  Materials. 

(b)  The  yield  point  shall  be  determined  by  the  strain  gage. 

Quenching. 

9.  (a)  Track  bolts  shall  be  treated  by  quenching  in  oil  or  water, 
if  so  specified,  from  a  temperature  of  about  810  degrees  Centigrade 
(1490  degrees  Fahrenheit)  and  shall  be  kept  in  the  bath  until  cold  enough 
to  be  handled ;  a  group  thus  treated  being  known  as  a  quenching  charge. 

(b)  Material  which  requires  quenching  in  water  will  be  acceptable 
at  the  option  of  the  purchaser,  provided  it  meets  the  requirements  of  the 
specification  in  all  other  respects. 

General    Requirements. 

10.  Track  bolts  and  nuts  shall  be  made  to  dimensions  specified  in 
drawing  furnished  by  the  purchaser  with  allowable  variations  in  dimen- 
sions of  bolts  from  standard  as  follows : 

Length,  J^-inch;  ♦ 

Diameter  of  shank,  1/64-inch  ; 

Shoulder,  1/64-inch; 

Diameter  of  rolled  thread  not  more  than  1/16-inch  over  the  diameter 
of  the  body  of  ^j-inch  bolts ; 

Diameter  of  rolled  thread  not  more  than  3/32-inch  over  the  diameter 
of  the  body  of  1-inch  bolts; 

Variation  in  dimensions  of  elliptical  shoulders  under  head  of  bolt 
of   1/32-inch. 

11.  The  heads  and  nuts  shall  be  free  from  checks  or  burrs  of  any 
kind.  All  finished  pieces  shall  be  smooth,  straight,  of  uniform  size,  with 
well-shaped  symmetrical  bends  and  well-filled  heads,  free  from  injurious 
mechanical  defects,  and  be  finished  in  a  first-class,  workmanlike  manner. 
The  head  shall  be  concentric  with  and  firmly  joined  to  the  bottom  of 
the  bolt  with  the  underside  of  the  head  at  right  angles  to  the  body  of 
the  bolt.  The  threads  on  the  bolts  shall  be  rolled,  unless  otherwise 
specified,  shall  be  full  and  clean  and  shall  be  made  in  section  and  pitch 
according  to  the  purchaser's  standard.  The  fit  between  threads  on  the 
bolt  and  nut  shall  be  accurate  and  nut  shall  go  on  with  a  10-inch  wrench 
from  second  to  fifth  turn.  The  force  to  turn  the  nut  completely  on  the 
bolt  with  a  24-inch  wrench  shall  not  be  more  than  60  nor  less  than  40  lbs. 

12.  (a)  The  nuts  shall  be  made  of  soft  untreated  steel  and  shall 
be  54-inch  thicker  than  the  standard  nuts  used  for  untreated  bolts.     They 
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shall  be  of   sufficient   strength   to   develop   the  ultimate  breaking   strength 
of  the  bolts. 

(b)  Nuts  of  standard  thickness  will  be  accepted  at  the  option  of  the 
purchaser  if  proved  to  be  of  sufficient  strength  to  equal  the  ultimate 
breaking  strength  of  the  bolts.  The  length  of  the  bolts  shall  be  corre- 
spondingly reduced. 

Branding. 

13.  The  heads  of  the  bolts  shall  bear  the  manufacturer's  identifica- 
tion symbol.  The  letter  "Q"  shall  be  used  to  show  that  the  bolts  have 
been  "quenched."  If  the  bolts  are  also  tempered,  the  letters  "QT"  shall 
be  used  to  show  that  they  have  been  "quenched  and  tempered." 

Marking  and  Shipping. 

14.  When  the  bolts  are  shipped  they  shall  have  the  nuts  applied  for 
at  least  two  threads,  be  well  oiled  to  prevent  rust,  and  shall  be  packed 
in  securely  hooped  kegs  of  200  lbs.  net.  All  kegs  shall  he  plainly  marked 
as  to  material,  size  of  bolts  and  name  of  manufacturer. 

Inspection. 

15.  Tension  and  bend  tests  shall  be  made  of  the  test  specimens  se- 
lected by  the  inspector  from  each  lot  of  50  kegs.  One  specimen  shall  be 
selected  for  each  test,  and  if  it  meets  the  requirements  of  the  specifica- 
tion, the  lot  will  be  accepted.  If  the  test  specimen  fails,  two  additional 
specimens  shall  be  tested  in  the  same  manner  as  the  one  which  failed, 
and  if  they  meet  the  requirements  of  the  specification,  the  lot  will  be 
accepted.  If,  however,  either  one  of  the  pieces  fails,  the  lot  will  be 
rejected.  Both  tension  and  bend  tests  shall  pass  the  requirements  for 
acceptance. 

SPECIFICATIONS   FOR   MEDIUM   CARBON   STEEL   TRACK 
BOLTS  WITH   NUTS. 
Access  to  Works. 

1.  Inspectors  representing  the  purchaser  shall  have  free  entry  to  t lie 
works  of  the  manufacturer  at  all  times  while  the  contract  is  being  exe- 
cuted  and  shall  have  all  reasonable  facilities  afforded  them  by  the 
manufacturer  to  satisfy  them  that  the  bolts  and  nuts  have  been  made 
in  accordance  with  the  terms  of  the  specifications. 

Place  for  Tests. 

2.  All    tests    ami    inspection    shall    be    made    at    the    place    of    ni.inu 
facture,  prior  to  loading,  and  shall  In-  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  mill. 

Rejection  at   Destination. 

3.  Holts  and  nuts  which  show  injurious  defects  subsequent  to  their 
acceptance  at  tin  place  of  manufacture  or  sale  will  he  rejected  and  re 
turned  to  tin-  manufacturer,  who  shall  paj  the  freight  charges  both 
ways 
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Material. 

4.  Material  for  bolts  shall  be  steel  made  by  the  Open-Hearth  or 
Bessemer  process.  It  shall  be  homogeneous  and  when  broken  in  tension, 
shall  show  a  uniformly  silky  fracture.  Material  for  nuts  shall  be  of 
soft  steel. 

Chemical   Properties. 

5.  The  chemical  composition  of  each  melt  of  steel  from  which 
track  bolts  are  manufactured  shall  be  within  the   following   limits: 

Phosphorus,   Maximum.  Per  Cent. 

Open-Hearth     0.05 

Bessemer    0.10 

6.  The  manufacturer  shall  furnish  the  inspector  a  complete  report 
of  ladle  analysis  showing  carbon,  manganese,  phosphorus  and  sulphur 
content  of  each  melt  represented  in  the  finished  material  and  any  other 
elements  used  to  obtain  the  specified  physical  properties.  The  purchaser 
may  make  a  check  analysis  from  the  finished  material;  such  analysis 
shall  conform  to  the  requirements  of  Section  5.  The  drillings  for  check- 
analysis  shall  be  taken  parallel  to  the  axis  and  from  the  end  of  the 
finished  bolt. 

Physical   Properties  and  Tests. 

7.  Track  bolts  shall  conform  to  the  following  physical  requirements  : 

(a)  Tensile    strength,   lbs.   per   sq.    in.,    minimum 55.000 

(b)  Yield  point  not  less  than  50  per  cent,  of  the  ultimate 

breaking    stress    

1,500,000 

(c)  Elongation,  per  cent,  in  2  inches,  not  less  than ^ ft- 

Minimum,  20  per  cent. 

2,200,000 

(d)  Reduction  in  area  not  less  than ™ FT- 

Minimum,  30  per  cent. 

(e)  Cold   bending    of    the    unthreaded    part    of    the    finished    bolt 

without    sign    of    fracture    on    the   outside   of    the    bent    por- 
tion,  through    180  degrees   flat  on   itself. 

8.  All   test   specimens   shall    be   from   the   finished   bolts. 

(a)    The   tension   test   specimens   shall    be   about  4J4    inches    long   with 
threaded  or  unthreaded   ends,  and   with   the  central  2-inch  length  turned 
h    diameter,   in   accordance   with   the   form   and   dimensions   for 
tension  test  specimens  of  the  American  Society  for  Testing  Materials. 

General   Requirements. 

9.  Track  bolts  and  nuts  shall  be  made  to  dimensions  specified  in 
drawing   furnished   by   the   purchaser,   with   allowable   variation   in   dimen- 

"I    boll      from    standard  as    follows: 

Length.   J  jj-inch  i 

Diameter  of  shank,  1/64-inch; 

Shoulder,  1/64-inch; 
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Diameter  of  rolled  thread  not  more  than  1/16-inch  over  the  diameter 
of  the  body  of  %-inch  bolts ; 

Diameter  of  rolled  thread  not  more  than  3/32-inch  over  the  diameter 
of  the  body  of  1-inch  bolts ; 

Variation  in  dimensions  of  elliptical  shoulders  under  head  of  bolt 
of  1/32-inch. 

10.  The  heads  and  nuts  shall  be  free  from  checks  or  burrs  of  any 
kind.  All  finished  pieces  shall  be  smooth,  straight,  of  uniform  size, 
with  well-shaped  symmetrical  bends  and  well-filled  heads,  free  from  in- 
jurious mechanical  defects,  and  be  finished  in  a  first-class,  workmanlike 
manner.  The  head  shall  be  concentric  with  and  firmly  joined  to  the 
bottom  of  the  bolt,  with  the  underside  of  the  head  at  right  angles  to 
the  body  of  the  bolt.  The  threads  on  bolts  shall  be  rolled,  unless  other- 
wise specified,  shall  be  full  and  clean  and  shall  be  made  in  section  and 
pitch  according  to  the  purchaser's  standard.  The  fit  between  threads 
on  the  bolt  and  nut  shall  be  accurate  and  nut  shall  go  on  with  a  10-inch 
wrench  from  second  to  fifth  turn.  The  force  to  turn  the  nut  completely 
on  the  bolt  with  a  24-inch  wrench  shall  not  be  more  than  60  nor  less 
than  40  lbs. 

11.  The  nuts  shall  be  made  of  soft,  untreated  steel  and  shall  be 
of  sufficient  strength  to  develop  the  ultimate  breaking  strength  of  the 
bolts. 

Branding. 

12.  Manufacturer's  identification  shall  appear  on  the  head  of  each 
bolt. 

Marking  and  Shipping. 

13.  When  the  bolts  are  shipped  they  shall  have  the  nuts  applied 
for  at  least  two  threads,  be  well  oiled  to  prevent  rust,  and  shall  be 
packed  in  securely  hooped  kegs  of  200  lbs.  net.  All  kegs  shall  be  plainly 
marked  as  to  material,   size  of  bolts  and   name  of   manufacturer. 

Inspection. 

14.  Tension  and  bend  tests  shall  be  made  of  the  test  specimens  se- 
lected by  the  inspector  from  each  lot  of  50  kegs.  One  specimen  shall  be 
selected  for  each  test,  and  if  they  meet  the  requirements  of  the  specifi- 
cations the  lot  will  be  accepted.  If  one  of  the  test  specimens  fails,  two 
additional  specimens  shall  be  tested  in  the  same  manner  as  the  one  which 
failed,  and  if  they  meet  the  requirements  of  the  specifications,  the  lot 
will  be  accepted.  If,  however,  either  one  of  the  specimens  fails,  the  lot 
will  be  rejected.  Both  tension  and  bend  tests  shall  pass  the  requirements 
for  acceptance. 
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MILL  INSPECTIONS  OF  RAIL  IN  1915  AND  1916. 

By  M.   H.   Wickhorst,   Engineer  of  Tests,   Rail   Committee. 

This  report  gives  the  general  results  of  the  mill  inspections  of  rail 
manufactured  in  1915  and  1916  for  some  of  the  railroads  represented  on 
our  Rail  Committee  and  also  gives  some  discussion  of  the  specifications 
on  which  the  rails  were  bought.  The  purpose  is  to  determine  what  may 
be  called  the  general  characteristics  of  the  rails  made  at  the  different  mills 
as  regards  ductility,  rejections,  discard  from  the  ingot,  and  No.  2  rails. 
First,  the  specifications  will  be  considered  and  then  will  be  given  a 
tabulation  of  the  results  of  mill  inspections. 

RAIL  SPECIFICATIONS. 

The  specifications  used  by  the  various  railroads  were  largely  based 
upon  the  rail  specifications  of  the  American  Railway  Engineering  Associa- 
tion. In  some  cases  the  A.  R.  E.  A.  specifications  were  used  without 
change,  but  in  most  cases  they  were  modified  more  or  less.  The  rails 
reported  on  were  all  open  hearth  rails,  no  report  of  inspection  of  Bessemer 
rails  having  been  received.  The  carbon  requirements  of  the  several 
specifications  are  listed  in  Table   1. 

Table  1 — Specified  Carbons. 

I\'ai! road.  Carbon   Limits. 

A.  R.  E.  A 62  to  .75  for  85-lb.  to  100-lb.  rails. 

A.  T.  &  S.  F 63  to  .76  at  Colorado,  .62  to  .75  at  Gary  for  90-lb.  rail. 

B.  &    0 62  to  .75  for  90-lb.  and  100-lb.  rail. 

C.  R.  I.  &  P 53  to  .66  for  80-lb.  rail,  .62  to  .75  for  100-lb.  rail. 

D.  L.  &  W 64  to  .77  for  91-lb.,  101-lb.  and  105-lb.  rail. 

Grand    Trunk (e  to  .75  for  90-lb.  and  100-lb.  rail. 

111.   Cent 62  to  .75  for  90-lb.  rail. 

N.  &  W 63  to  .76  for  85-lb.  and   100-lb.   rail. 

P.  R.  R.  System.. .60  to  .75  for  100-lb.  rail,  .68  to  .82  for  125-lb.  rail,  .68 

to  .87  for  130-lb.  rail. 
P.  &   R Mostly  .67  to  .80  For  90-lb.  and  100-lb.  rail.  .68  to  .82  for 

130-lb.  rail. 

It  will  be  noted  that  the  carbon  limits  specified  In  most  of  the  roads 
are  the  same  oi  nearly  the  same  as  specified  by  the  A.  R.  E.  A  .  although 
there  is  some  tendency  to  require  higher  carbon  limits.  The  carbon 
(along  with  the  other  chemical  elements)  is  usually  determined  from  the 
ladle  test,  but  one  notable  ex<  eption  is  the  case  of  the  Pennsylvania  System 
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that  bought  its  100-lb.  rail  on  specifications  requiring  special  analysis  of 
the  finished  rail. 

As  a  physical  test,  the  drop  test  was  used  in  all  cases,  it  being  usually 
required  that  the  rail  stand  at  least  one  blow  of  a  2,000-lb.  tup  from  a 
given  height,  and  usually  also  with  a  minimum  elongation  requirement  of 
6  per  cent.  Some  of  the  features  of  the  drop  test  requirements  are  men- 
tioned below,  as  gathered  from  specifications  submitted  by  some  of  the 
roads. 

A.  R.  E.  A.— Height  of  drop,  17  ft.  for  80,  85  and  90-lb.  rail,  and  18  ft. 
for  100-lb.  rail,  tested  preferably  base  upward.  Minimum  elongation,  6 
per  cent,  or  5  per  cent,  in  two  consecutive  inches.  Two  out  of  three 
pieces  per  heat  must  stand  drop  test.  All  pieces  must  be  free  from 
interior  defect. 

A.  S.  T.  M. — Requirements  similar  to  A.  R.  E.  A.,  except  that  rails 
showing  interior  defects  are  accepted,  but  may  be  kept  separate. 

B.  &  O.  System. — Requirements  similar  to  A.  R.  E.  A.,  but  rails  show- 
ing interior  defect  accepted  as  "specials." 

D.  L.  &  W.  R.  R. — Rails  at  the  Lackawanna  Steel  Company  were 
bought  on  A.  R.  E.  A.  specifications.  At  the  Bethlehem  Steel  Company, 
the  requirements  were  similar  but  the  elongation  was  required  to  be  6 
per  cent,  over  a  length  of  6  inches  instead  of  only  6  per  cent,  in  the 
maximum  inch,  or  what  was  originally  one  inch  before  stretching.  At  the 
Pennsylvania  Steel  Company  the  metal  contained  nickel  and  chromium 
and  in  lieu  of  the  usual  chemical  requirements,  the  rails  were  required 
to  meet  certain  minimum  and  maximum   deflections  in  the  drop  test. 

I.  C.  R.  R.— For  rails  bought  in  the  United  States,  the  A.  R.  E.  A. 
drop  test  requirements  were  used,  except  that  the  rails  showing  interior 
defects  were  accepted  as  "specials."  For  rails  bought  from  the  Algoma 
Steel  Corporation,  the  requirements  were  similar,  but  in  addition  a  "nick 
and  break"  test  was  made  on  rails  representing  each  ingot. 

N.  &  W.  Ry. — Drop  test  requirements  same  as  A.  R.  E.  A. 

P.  R.  R.  System.— Height  of  drop,  18  ft.  for  100,  125  and  130-lb.  rails. 
All  three  pieces  selected  from  each  heat  must  stand  test  and  be  free  from 
interior  defect.  Elongation  required,  6  per  cent,  in  one  inch  or  5  per  cent, 
in  two  consecutive  inches.  In  addition  the  100-lb.  rails  were  subjected 
to  analysis  of  the  finished  rail  and  the  carbon  in  the  interor  of  the  head 
near  the  web  not  allowed  to  exceed  that  in  the  corner  of  the  head  by  more 
than  12  per  cent. 

P.  &  R.  Ry.— Drop  test  requirements  similar  to  A.  R.  E.  A.,  except 
that  rails  showing  interior  defect  were  accepted  as  "specials." 

RAIL  INSPECTION  RESULTS. 

The  results  of  the  mill  inspection  of  rails  for  1915  and  1916  reported 
by  the  several  roads  are  given  in  Table  3,  being  grouped  by  the  mills  at 
which  the  rails  were  rolled.  There  is  shown  for  each  lot,  the  top  dis- 
card from  the  ingot,  the  amount  of  No.  2  rails,  the  elongation  in  the  drop 
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test  and  the  amount  of  rejected  rails.  For  each  mill  the  total  tonnages 
reported  are  given,  and  also  the  average  percentages.  In  the  case  of  the 
top  discard  and  the  elongation  in  the  drop  test,  the  average  percentages 
are  "weighted"  averages,  obtained  by  multiplying  each  percentage  by  the 
tons  in  the  lot,  thus  obtaining  "ton-percents."  The  total  of  the  "ton- 
percents"  is  then  divided  by  the  total  tons  to  obtain  the  average  per 
cent. 

In  some  cases  the  amount  of  No.  2  rails  rolled  was  greater  than  the 
amount  accepted.  This  does  not,  therefore,  always  show  the  rolling  (in- 
cluding the  total  rolled)  correctly  in  this  respect  and  probably  this  fea- 
ture should  be  changed  in  future  reports. 

The  average  results  for  each  of  the  mills  are  collected  together  in 
Table  2.  It  is  interesting  to  note  that  the  average  top  discards  at  the 
several  mills  ranged  from  10.0  per  cent,  to  28.7  per  cent,  with  a  general 
average  of  17.9  per  cent.  The  average  elongation  varied  from  12.2  per 
cent,  to  17.1  per  cent,  with  a  general  average  of  14.5  per  cent.  The  aver- 
age rejections  ranged  from  3.9  per  cent,  to  15.1  per  cent,  with  a  general 
average  of  6.4  per  cent.  Of  the  total  rejections,  42  per  cent,  were  A  rails. 
For  more  convenient  presentation,  Fig.  1  is  given,  showing  some  of  the 
general  results  in  diagrammatic  form. 
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RAIL  FAILURE  STATISTICS  FOR  1916. 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This  report  deals  with  the  statistics  of  rail  failures  collected  for  the 
year  ending  October  31,  1916,  furnished  by  the  railroads  of  the  United 
States  and  Canada  in  response  to  a  circular  sent  out  by  the  American 
Railway  Association.  The  information  furnished  by  each  railroad  showed 
the  number  of  tons  laid  of  each  year's  rolling  from  each  mill,  the 
equivalent  number  of  track  miles,  and  the  total  number  of  failures  that 
occurred  in  each  year's  rolling  from  the  date  laid  until  October  31,  1916. 

The  failures  were  divided  into  four  classes,  namely,  head,  web,  base 
and  "broken.'1  They  were  reported  by  the  railroads  on  American  Rail- 
way Engineering  Association  form  408  as  revised  in  1915.  (See  Manual 
for  1915,  page  104.)  The  reports  cover  rollings  for  1911  and  succeeding 
years  and  the  ages  of  the  rollings  would  average  in  the  track  about  thr 
years  shown  below : 

1911 5   years      1914 2   years 

1912 4   years      1915 1    year 

1913 3    years      1916 Several    months 

The  tonnages  represented  by  the  statistics  in  this  report  are  shown 
below : 

Year  Rolled  Bessemer 

1911 305,910 

1912 203,702 

1913 135,870 

1914 63,599 

1915 12,212 

1916 33,658 

The  equivalent  track  miles  are  as  follows 

Year  Rolled  Bessemer 

1911 2,198.87 

1912 1,448.22 

1913 969.97 

1914 452.49 

1915 90.29 

1916 259.67 

It  will  be  noted  that  in  recent  years  the  Bessemer  steel  has  formed 
only  a  small  part  of  the  rail  rolled  as  covered  by  the  returns  in  this 
report.  The  failures  were  tabulated  with  reference  particularly  to  the 
performance  of  the  rails  made  by  the  different  mills  and  were  classified 
successively  in  the  following  order:     Kind  of  steel   (Bessemei   "i   I 


Open-Hearth 

Total 

810,396 

1,116,306 

1,254,960 

1,458,662 

1,503,366 

1,639,236 

1,026,915 

1,090,514 

1,080,361 

1,092,573 

749,765 

783,423 

Open-Hearth 

Total 

5,770.54 

7,969.41 

8,812.71 

10,260.93 

10,365.44 

11,335.41 

7,052.75 

7,505.24 

7,291.00 

7,381.29 

5,093.04 

5,352.71 
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Hearth),   mill,  year   rolled,   weight   per  yard,   section   and    railroad      The 
totals  were  figured  for  the  groups  by  the  year  rolled. 

Lots  of  less  than  1,000  tons  (that  is,  less  than  1,000  tons  in  any  one 
year's  rolling  for  a  railroad)  were  excluded  from  the  tabulation,  as  they 
would  unnecessarily  extend  the  tables  and  not  materially  change  the 
group  totals  and  averages.  The  method  of  compiling  the  statistics  was 
to  make  prints  (generally  blue-line  whiteprints)  of  the  reports  submitted 
by  the  different  railroads,  after  seeing  that  all  the  lines  were  fully  filled 
out,  and  then  cutting  them  up  along  the  horizontal  lines  with  a  large 
card  cutter  or  trimming  board.  The  strips  constituted  the  units  in  the 
tables,  and  after  sorting  in  suitable  order  and  collecting  into  the  desired 
groups,  the  information  was  transcribed  on  a  typewriter  into  tables, 
from  which  zinc  plates  were  made  for  printing  in  the  report. 

FAILURES  CLASSIFIED  BY  MILLS. 

The  detail  tabulations  by  mills  and  years  rolled  are  given  in  Table  7, 
sheets  1  to  20  inclusive.  A  condensed  table  showing  the  failures  of  each 
year's  rolling  of  each  mill  is  given  as  Table  1.  First  it  is  interesting  to 
note  from  this  table  the  comparative  performance  of  Bessemer  and  Open- 
Hearth  rails.  Figuring  the  failures  per  100  track  miles  of  Open-Hearth 
rails  as  100  for  each  of  the  years  1911,  1912,  1913  and  1914,  the  relative 
failures  of  the  Bessemer  rails,  together  with  the  failures  per  100  track- 
miles,  are  shown  below : 

FAILURES    OF    OPEN-HEARTH    AND    BESSEMER    COMPARED. 

Year  Years  Failures  per  100  Track  Miles  Comparative  Failures 

Rolled  Service     Open-Hearth     Bessemer     Open-Hearth  Bessemer 

1911 5  161.9  214.1  100  132 

1912 4  74.2  107.7  100  145 

1913 3  43.3  60.1  100  135 

1914 2  18.9  32.3  100  171 

It  will  be  noted  that  the  failures  of  Bessemer  rails  per  100  track 
miles  were  considerably  greater  than  those  of  the  Open-Hearth  rails.  It 
is  probably  also  true  that  the  Open-Hearth  rails  were,  in  general,  in 
more  severe  service,  so  that  the  actual  difference  under  the  same  condi- 
tions may  have  been  greater. 

The  comparison  between  Open-Hearth  and  Bessemer  rails  as  ob- 
tained from  the  statistics  in  the  1913,  1914  and  1915  reports  and  this 
report  are  collected  together  below : 

BESSEMER    FAILURES    COMPARED    WITH    OPEN- HEARTH    FAILURES   TAKEN    AS    100 

Year Years'  Service 

Rolled             2           3  4  5 

1908 112 

1909 195  188 

1910 230  207  154 

1911 24'J  291  155  132 

1912 21'»  143  145 

1913 142  135 

1014 171 
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These  figures  indicate  that  the  failures  of  Bessemer  rails  occur  at  a 
considerably  higher  rate  than  the  failures  of  Open-Hearth  rails  in  their 
early  period  of  service,  but  as  they  remain  longer  in  track,  the  rates  of 
failure  become  nearer  alike. 

The  failures  per  100  track  miles  for  each  of  the  mills  classified  by 
kind  of  steel  and  year  rolled,  are  shown  graphically  in  Fig.  1. 

The  average  weights  per  yard,  compiled  from  the  tonnages  used  in 
this  report,  are  shown  in  Table  6.  It  will  be  noted  that  the  Bessemer 
rail  tends  to  become  lighter  in  weight  and  the  Open-Hearth  to  become 
heavier,  due  presumably  to  replacement  of  Bessemer  rail  for  the  more 
important  service  by  Open-Hearth  rail. 

The  results  shown  in  these  statistics  are  in  general  consistent  among 
themselves,  but  inconsistencies  occur  in  the  comparison  of  some  of  the 
rollings  from  year  to  year  due  to  differences  in  the  railroads  that  have 
reported  on  such  rollings  from  year  to  year.  Since  these  statistics  were 
first  started  they  have  yearly  become  more  complete  by  more  roads 
sending  in  reports  and  by  the  reports  being  made  out  in  better  form. 
But  also  in  a  small  number  of  cases  roads  have  failed  to  make  reports  on 
rollings  that  had  previously  been  reported  on.  In  this  way  the  rail- 
shown  for  any  year's  rolling  by  a  mill  may  not  be  the  same  rails  that 
had  been  previously  reported  on.  Thus  it  may  happen  that  the  failures 
per  100  track  miles  in  a  group  may  show  less  than  had  been  shown  in 
a  previous  report  for  the  same  group  for  a  less  period  of  service. 
Although  the  general  trend  of  the  rail  failures  is  probably  satisfactorily 
shown,  it  is  necessary  for  the  above  reasons  to  exercise  care  in  using 
the  smaller  groupings. 

RANKING  OF  MILLS. 

In  order  to  show  more  conveniently  the  relative  number  of  failures 
from  each  of  the  mills  and  to  show  the  ranking  of  the  mills  as  regards 
the  failure  performance  of  the  rails  rolled  by  them,  Table  3  has  been 
prepared.  Taking  the  average  number  of  failures  per  100  track  miles 
of  all  the  mills  in  each  group  (Bessemer  and  Open-Hearth),  in  any 
year's  rolling  as  100,  the  relative  number  of  failures  of  each  of  the  mills 
is  shown  for  the  years  1911,  1912,  1013  and  1914.  The  later  rollings  arc 
not  included  because  of  being  too  young.  The  rank  of  each  mill  is 
also  shown  for  each  year's  rolling.  It  is  interesting  and  gratifying  t" 
note  from  the  tables  and  diagram  that  the  mills  which  had  the  greatest 
number  of  failures  some  years  ago  and  ranked  tin  lowest  are  showing 
a  tendency  to  a  considerable  reduction  in  the  numbi  i  of  failures  and 
ranking  well  in  mere  recent  years. 

COMPARISON  WITH  PREVIOUS  YEARS 

One  important  purpose  ol  thee  statistics  is  to  enable  comparisons  t" 
lie  made  of  the  performance  of  rail  rolled  From  year  to  year,  and  Tables 
l  and  5  are  given  showing  the  general  records   for  the  years  1913,  1914, 
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1915  and  1916,  one  table  for  Bessemer  rails  and  the  other  for  Open- 
Hearth  rails.  The  final  comparison  is  made  on  the  basis  of  five  years' 
service,  but  before  closing  the  record  of  any  year's  rolling,  a  comparison 
can  be  made  on  the  performance  of  a  less  number  of  years'  service.  The 
records  are  closed  for  the  1908,  1909,  1910  and  1911  rollings  and  it  will 
be  noted  that  the  average  of  the  Bessemer  rail  from  all  the  mills  showed 
reductions  in  the  number  of  failures  in  the  successive  years.  The  1911 
Open-Hearth  rail,  however,  showed  a  somewhat  larger  number  of  failures 
per  100  track  miles  than  did  the  1910  rail,  although  less  than  the  1908  and 
1909  rail.  Judging  from  the  record  of  the  1912  rail  to  date  it  promises 
to  do  considerably  better  than  previous  rollings.  Taking  the  total  of 
both  Bessemer  and  Open-Hearth,  the  1911  rail  shows  a  lower  number 
of  failures  than  previous  rollings. 

A  summary  of  the  general  results  as  given  in  the  reports  for  1913, 
1914,  1915  and  in  this  report  is  given  herewith  as  Table  2.  The  average 
failures  per  100  track  miles  of  the  rollings  for  the  several  years,  includ- 
ing both  Bessemer  and  Open-Hearth  rails,  is  given  in  the  following  table: 

Year  Years  Service 

Rolled                        0  12  3                  4                5 

1908 ..  ..                 ..                 ..            398.1 

1909 ..  ..                               224.1            277.8 

1910 ..  ..            124.0            152.7            198.5 

1911 ..  77.0            104.4            133.3            176.3 

1912 28.9  32.1              49.3             78.9 

1913 2.0  12.5  25.8             44.8 

1914 1.2  8.2  19.8 

1915 0.7  8.9 

1916 1.6 

These  results  are  also  shown  diagrammatically  in  Fig.  2.  It  will  be 
noted  that  the  1908,  1909,  1910  and  1911  rollings  show  successively  de- 
creased numbers  of  failures  compared  on  a  basis  of  five  years'  service 
and  the  later  rollings  also  show  successive  reductions  in  failures  when 
compared  on  a  less  number  of  years'  service.  This  information  is  also 
presented  in  different  form  in  Fig.  3. 
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Fig  2.— The  Heavy  Solid  Line  Shows  the  Failures  After  Five  Years' 
Service  for  the  1908,  1909,  1910  and  1911  Rollings.  The  Dotted 
Lines  Show  the  Failures  for  Less  Years'  Service.  The  Light 
Solid  Lines  Show  the  Accumulated  Failures  for  Successive 
Years,  Each  Line  Representing  a  Certain  Year's  Rolling. 


Fig.  3. 


-The  Failures  of  Rails  Rolled  in  Different  Years  as  Related 
to  Age  of  Rails. 
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Table  3 

Conparison  of  Failures  for  the  Different  Mills,   using  100  as  the 
Average   of   Failures   of   all  Mills  for  Each  Years  Rollings 

1911 

1912 

1913 

1914 

1 

Mill 

Relative 
Failures 

Rank 

Relative 
Failures 

Rank 

Relative 
Failures 

Rank 

Relative 
Failures 

Rank 

BESSEMER 

Illinois 

95.8 

3 

84.4 

1 

73.0 

2 

117.5 

3 

Lackawanna 

156.7 

4 

109.7 

4 

24.6 

1 

20.5 

1 

Carnegie 

93.6 

2 

99.4 

3 

88.0 

3 

90.0 

2 

Maryland 

30.8 

1 

90.3 

2 

110.3 

4 

148.0 

5 

Cambria 

164.7 

5 

204.5 

5 

261.4 

5 

130.0 

4 

OPEN  HEARTH 

Tennessee 

38.1 

1 

86.9 

3 

56.6 

1 

87.8 

5 

Colorado 

52.1 

3 

123.1 

8 

60.0 

2 

40.2 

2 

Pennsylvania 

89.7 

4 

63.1 

2 

80.1 

4 

111.6 

6 

Carnegie 

102.3 

6 

105.7 

6 

78.1 

3 

63.0 

4 

Lackawanna 

100.4 

5 

90.4 

5 

119.9 

6 

52.9 

3 

Maryland 

41.6 

2 

11.6 

1 

204.1 

9 

133.6 

7 

Illinois 

110.4 

7 

87.1 

4 

101.6 

C 

3 

158.7 

8 

Eethlehom 

203.7 

9 

112.1 

7 

121.5 

7 

36.8 

1 

Cambria 

150.8 

8 

146.7 

0 

180.8 

8 

199.4 

9 

44f. 
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Table  4 


FAILURES  TOR   VARIOUS  ACES  OF  RAIL   PER   100  TRACK   WILES. 
BESSEMER 

Year 
Rolled 

Years  Service 

Years  Service 

0 

112       13 

4      I       5      1 

0 

i 

2        |      3 

4 

5 

Algoma 

Cairbria 

1906 

684.4 

134.0 

1909 

312.3 

323.1 

325.9 

1910 

397.7 

140.7 

207.3 

295.4 

4C5.6 

1911 

342.3 

58.1 

157.6 

2M.6 

352.7 

1912 

1^.6 

11.4 

24.7 

118.0 

126.3 

22C.3 

1913 

188.0 

0.0 

4.0 

20.1 

157.1 

1914 

21.7 

69.5 

0.0 

8.6 

26.0 

WIS 

0.0 

15.8 

1916 

Carnegie 

Illinois 

1908 

416.4 

491.2 

1909 

1050.2 

1249.0 

146.4 

168.8 

1910 

277.1 

361.0 

482.1 

187.9 

196.4 

205.9 

1911 

83.1 

125.0 

163.1 

200.3 

110.2 

191.3 

183.1 

205.2 

1912 

19.2 

72.9 

141.9 

107.1 

44.1 

13.1 

54.8 

90.9 

1913 

8.7 

15.8 

29.8 

52.9 

0.0 

3.1 

28.3 

43.9 

1914 

0.0 

0.0 

18.0 

0.0 

20.7 

23.5 

1915 

0.0 

10.0 

1916 

2.2 

Lackawanna 

Maryland 

1908 

466.7 

222.9 

1909 

53.6 

104.3 

285.9 

272.3 

1910 

122.4 

174.4 

219.4 

107.7 

141.5 

183.2 

1911 

212.7 

263.2 

285.5 

335.6 

31.4 

46.6 

66.1 

65.9 

1912 

9.1 

112.1 

101.5 

118.1 

54.2 

54.3 

64.9 

97.3 

1913 

0.0 

0.0 

26.2 

14.8 

0.9 

59.4 

58.2 

66.3 

1914 

0.0 

0.0 

4.1 

3.3 

15.2 

29.6 

1915 

0.0 

0.0 

0.0 

17.8 

1916 

0.0 

0.0 

All  Mills 

1908 

413.4 

1909 

299.4 

373.9 

1910 

186.9 

221.3 

236.9 

1911 

132.2 

159.6 

184.2 

214.1 

1912 

58.8 

63.3 

66.9 

107.7 

1913 

4.9 

29.1 

35.2 

60.1 

1914 

2.1 

15.1 

32.3 

mi 

0.0 

11.1 

1916 

1.2 
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Table   5 


FAILURES  TOR  VARIOUS   ICES  0E  RAIl  PER  100  TRACK  MILES 
OPEN  HEARTH 

Year 

Rolled 

Years  Service 

Yeare  Serviee 

0      1     1       12       |     3       14      |5 

0      I     1      I     2      I      i      I     4      I     5 

Algoma                                                                Bethlehem 

1908 

482.9 

503.7 

1909 

203.7 

466.1 

530.9 

1910 

131.0 

13.8 

174.0 

245.0 

330.9 

1911 

219.7 

113.3 

195.3 

251.7 

329.8 

1912 

124.0 

11.9 

32.0 

52.1 

83.2 

1913 

1.6 

13.4 

26.9 

52.6 

1914 

19.0 

43.2 

0.0 

3.8 

6.9 

1915 

1.4 

7.1 

0.0 

17.7 

1916 

4.3 

4.5 

Cambria                                                          Carnegie 

1908 

1909 

244.8 

326.6 

104.1 

137.1 

1910 

98.5 

136.4 

201.0 

98.9 

112>.9 

101.1 

1911 

73.7 

126.1 

227.7 

257.2 

71.5 

108.9 

123.1 

165.6 

1912 

17.1 

41.8 

74.3 

108.9 

12.3 

30.9 

55.3 

78.4 

1913 

7.1 

26.7 

49.5 

78.3 

2.5 

8.9 

19.4 

33.8 

1914 

1.7 

15.8 

37.7 

0.8 

5.5 

11.9 

1915 

1.0 

6.3 

0.3 

1.8 

1916 

5.4 

0.4 

Colorado                                                         Dominion 

1908 

45.5 

1396.9 

1909 

22.4 

34.2 

272.6 

1910 

19.6 

23.4 

60.9 

830.5 

159.9 

1911 

15.8 

81. 0 

52.6 

84.3 

246.9 

162.3 

406.4 

1912 

18.3 

40.9 

55.6 

91.3 

426.0 

33.7 

B8.2 

1913 

1.2 

3.9 

11.0 

26.0 

1914 

1.0 

3.7 

7.6 

1915 

0.2 

4.6 

1916 

1.0 

Illinois                                                               Lackawanna 

1906 

143.5 

1909 

151.9 

219.7 

100.1 

117.8 

1910 

86.4 

136.8 

206.2 

42.7 

90.3 

148.9 

1911 

67.5 

94.0 

107.7 

178.6 

29.5 

57.1 

108.6 

162.5 

1912 

7.4 

23.2 

39.2 

64.6 

4.8 

20.1 

39.6 

67.1 

1913 

1.1 

10.0 

21.9 

44.0 

2.3 

17.2 

31.4 

51.9 

1914 

1.0 

11.6 

30.0 

0.3 

1.6 

10.0 

1915 

0.1 

10.7 

0.2 

10.5 

1916 

0.8 

2.4 

Maryland 

Pennsylvania 

1908 

72.8 

1909 

66.3 

101.4 

1910 

69.6 

104.8 

163.7 

81.4 

110.9 

123^ 

1911 

32.9 

49.5 

58.5 

67.4 

34.6 

79.6 

119.  fi 

145.2 

1912 

11.3 

5.8 

18.1 

8.6 

5.3 

15.6 

27.5 

46.8 

1913 

0.9 

26.6 

74.1 

88.4 

1.1 

9.6 

21.0 

34.7 

1914 

1.1 

13.3 

25.2 

2.5 

8.2 

21.1 

19)', 

8.3 

24.5 

0.0 

6.3 

1916 

1.6 

0.0 

Tennessee 

All     Mill. 

l?08 

B6.S 

370.5 

J9r-9 

11.1 

63.7 

163.6 

•QP.' 

19  JO 

P2.4 

47.3 

55.2 

81.3 

107.1 

1  54  .  0 

1911 

14.9 

25.1 

40.fi 

61.7 

53.  fi 

63.5 

111.2 

1.  1.9 

191? 

7.3 

32.9 

13.9 

64  .  5 

26.3 

2ft.  9 

4  6  . 0 

74.2 

1918 

1.5 

5.7 

16.5 

24.; 

1.8 

11.5 

24.8 

4T.3 

1914 

1.7 

7.5 

16.6 

1.1 

7.9 

18.9 

m» 

1.3 

6.0 

o.e 

H.P. 

»" 

?•? 

1.6 

RAIL. 


Table   6 


AVERAGE  WEIGHTS  OE  RAILS 
Compiled    from  Tonnages  Used   in  This  Report 

Mill 

1911 

1912 

1913 

1914    |    1915 

1916 

Bessemer. 

Algoma 
Bethlehem 
Conbria 
Carnegie 
Illinois 
'  Lackawanna 
Maryland 

86.8 
92.0 

86. e 

9C.2 

86.6 

80.0 
88.2 
86.2 
90.6 
85.8 
90.8 
93.9 

80.0 

e5.5 
96.1 
e5.2 
83.2 
90.2 

94.9 

90. 0 
85.0 
90.4 
83.2 
85.9 
94.2 

85.0 

85.0 
85.0 
88.4 

80.3 
85.0 
85.0 

Average 

e8.6 

89.5 

89.1 

89.5 

86.7 

82.5 

Open  Hearth 

A  lg  oma 

Bethlehem 

Cambria 

Carnegie 

Colorado 

Dominion 

Illinois 

Lackawanna 

Vary lard 

Pennsylvania 

Tennessee 

90. 4 
92.5 
95.3 
87. e 
97.4 
89.2 
90.7 
90.7 
96.9 
83.7 

92.2 
96.4 
96.5 

e7.i 

90.8 
91.4 
91.9 
B5.0 
93.3 
85.1 

95.3 
93.2 
96.6 
88.2 

92.3 

55  .3 
92  .3 

97.0 
e7.2 

95.6 
97.5 
101.4 
98.9 
86.5 

92.8 
93.6 
92.2 
97.3 
88.1 

91.5 
99.3 
100.5 
98.6 
e7.6 

94.0 
96.9 
101.7 
99.9 
88.2 

91.3 

97.9 

103.7 

103.7 

88.9 

94.1 
94.4 

99.1 

101.9 

88.3 

Average 

89.4 

90.6 

92.3 

92.7        94.3 

93.7 
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Table 

7.      Sheet  1 

Total     Riil     Failures     From 

Date     Rolled 

to 

October  31 

st,      1916. 

Year 
Rol- 
led 

Lbs 
Per 
Yd. 

Sec. 

Specified 
Carbon 

Total 

Tons 

Laid 

Equiv. 
Track 
Uiles 

Failures  to  Date 

R.    R. 

Per  100 
Trk  Ills 

Uin.|Uax. 

Head 

Web 

Base 

Brim 

Total 

Bese 

eel  Corpo 

ration 

emor    - 

Algoma  S1 

1912  |     80 |   ASCE 

.50  1  .60 

1100 

8.76 

- 

- 

1 

- 

1 

11.4 

ism.*  NO 

1913  |     80 1   ASCE 

.50  1  .60 

1000 

7.96 

- 

- 

- 

15 

15 

138.0 

Tern,  ft  NO 

1914 

80 

ASCK 

.50 

.60 

1000 

7.96 

- 

1 

- 

3 

4 

50.2 

Tom. ft  NO 

90 

ARA-A 

.45 

.55 

3768 

26.64 

12 

- 

- 

11 

23 

86.3 

OT 

100 

ARA-A 

.45 

.55 

1909 

12.15 

6 

1 

- 

1 

8 

65.9 

GT 

100 

ASCE 

.45 

.55 

4010 

25.52 

7 

4 

- 

4 

15 

58.7 

OT 

1Q0 

ASCE 

.60 

.70 

1527 

9.71 

_ 

. 

. 

7 

7 

72.0 

MC 

Totals 

12214 

81.98 

25 

6 

- 

26 

57 

69.5 

Best 

eaer     - 

Bethlehem  Steel  Compan 

y 

1912 

85 

ASCE 

.59 
.45 

.72 

1623 

12.15 

2 

- 

- 

- 

2 

16.9 

Southern 

90 

B*0 

.55 

3418 

24.24 

41 

1 

- 

37 

79 

325.9 

BftO 

Totals 

5041 

36,39 

43 

1 

_ 

37 

81 

222.6 

1914  I     90  |    BAO 

.45  |  .55 

2232 

15.77 

n 

- 

- 

7 

18 

114.1 

BtO 

Bee 

emer     - 

Cambria 

Steel 

Comj 

any 

1911 

85 

ASCE 

.43 

.53 

2989 

22.38 

33 

4 

7 

7 

51 

228.0 

Southern 

85 

ASCE 

.43 

.53 

6813 

51.01 

40 

14 

10 

21 

85 

166.6 

CNOATP 

90 

ASCE 

.43 

.53 

5780 

40.87 

258 

6 

2 

1 

267 

653.2 

KftH 

Totals 

15582 

114.26 

331 

24 

19 

29 

403 

352.7 

1912 

85 

PS 

.45 

.55 

1162 

8.69 

11 

1 

1 

4 

17 

195.6 

PRR 

85 

PS 

.45 

.55 

1909 

14.23 

5 

2 

4 

11 

77.3 

CRtI 

85 

PS 

.45 

.55 

1002 

7.50 

3 

- 

4 

1 

8 

106.7 

GRftI 

85 

ASCE 

5179 

38.77 

28 

8 

2 

7 

45 

116.1 

CN04TP 

90 

ASCE 

.43 

.53 

2863 

20.24 

116 

- 

- 

- 

116 

573.1 

K&U 

Totals 

12115 

89.43 

163 

11 

7 

16 

197 

220.3 

1913 

85 

ASCE 

.43 

.53 

7046 

52.75 

71 

12 

3 

26 

112 

212.1 

CN04TP 

85 

ASCE 

.43 

.53 

2298 

17.20 

3 

1 

2 

3 

9 

52.3 

Southern 

90 

ASCE 

.43 

.53 

1087 

7.69 

1 

- 

- 

- 

1 

13.0 

Kin 

T«»«1 a 

10431 

77.64 

75 

13 

5 

29 

122 

157.1 

1914  1     85  1  ASCE 

.43  1  .53 

1544 

11.56 

3 

- 

- 

- 

3 

26.0 

Southern 

1915  1     85  |  ASCK 

.43  I   .53 

*.1694 

12.68 

1 

- 

1 

- 

2 

15\8^ 

Southern 

Bess 

oar    - 

Carnegie 

Steel 

Coil 

»ny 

1911 

80 

ASCE 

.43 

.53 

3174 

25.25 

5 

5 

6 

10 

26 

103.0 

TAOC 

85 

PS 

.45 

.55 

3349 

25.07 

17 

7 

5 

43 

72 

287.1 

PL-NW 

85 

PS 

.45 

.55 

6652 

49.80 

37 

2 

- 

20 

59 

118.6 

PL-SW 

90 

ARA-A 

.45 

.55 

3037 

21.47 

48 

13 

3 

12 

76 

353.9 

BftO 

90 

ARA-B 

.45 

.55 

5707 

40.35 

34 

11 

- 

92 

137 

339.5 

BftO 

90 

ARA-B 

.45 

.55 

2700 

19.09 

28 

3 

5 

8 

44 

230.5 

NP 

90 

ASCE 

.45 

.55 

15342 

108.47 

137 

it 

8 

111 

272 

250.7 

Erie 

100 

ARA-B 

.48 

.58 

2389 

15.20 

8 

4 

- 

22 

34 

223.7 

P4LE 

100 

ARA-B 

.50 

.60 

3250 

20.68 

9 

1 

- 

7 

17 

82.2 

BftLE 

100 

ARA-B 

.48 

.58 

2477 

15.76 

- 

7 

- 

3 

10 

63.0 

PftLE 

100 

P6 

.45 

.55 

10955 

69.71 

10 

7 

5 

27 

49 

70.3 

PL-NW 

100 

PS 

.45 

.55 

4482 

28.52 

21 

5 

1 

56 

83 

291.0 

PL-SW 

Totals 

63514 

431.37 

354 

01 

33 

411 

879 

200.3 

1912 

85 

ASCE 

.43 

.53 

5874 

43.98 

- 

2 

- 

1 

3 

6.8 

yon. 

loe- 

_ARA=B 

.50 

,60 

4098 

26.08 

14 

- 

- 

58 

7a 

276.1 

BftLE 

ToUls 

9*72 

70.06 

14 

2 

- 

59 

75 

107.1 

191J 

ss 

PS 

.45 

.55 

5162 

38.57 

11 

- 

11 

24 

62.2 

PL-sw 

85 

PS 

.45 

.55 

2111 

15.80 

11 

- 

10 

22 

1S9.2 

PL-SW 

N 

ASCE 

.45 

.55 

1000 

7.07 

- 

- 

1 

2 

28.3 

Montour 

100 

PS 

.45 

.55 

10127 

64.44 

4 

- 

8 

14 

21.7 

PL-NW 

100 

P8 

.45 

.55 

9272 

59.00 

7 

- 

3 

IS 

20.) 

PL-SW 

100 

ARA-B 

.80 

.60 

6865 

43.69 

14 

- 

It 

47 

107.6 

BftLE 

_  JoUlf 

14531 

228 ,57 

*7 

9 

- 

.,5 

121 

»,9 

nn 

8T     ASCE 

.43 

.43 

4300 

32.19 

3 

1 

1 

1 

6 

16.6 

.••..»-(■ 

90     ASCE 

.45 

.55 

4260 

30.12 

4 

- 

- 

1 

7 

23. S 

Montour 

100  I   PS 

.45 

.::■ 

M" 

1  •.■.-'■' 

■ 

- 

- 

- 

1 

6.5 

PL-SW 

Totolt 

10985 

77.64 

8 

l 

1 

♦ 

14 

18.6 
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Table   7      S 

seet     2 

Total     Re 

il     Failure*     From 

Date     Rolled 

to 

October  31st,      1916. 

Tear 
Rol- 
lad 

Lbs 
Per 
Yd. 

Sec. 

Specified 
Carbon 

Total 

Tone 

Laid 

BquiT. 

Track 
Uile* 

Fai] 

ures 

to  Date 

Per  100 
Trk  Ul* 

R.    R. 

Uin.|  Uax. 

Head 

i 

Base 

Brkn 

Total 

Bessemer 

Illinois 

Steel 

Conpany 

1911 

75 

UP 

6936 

58.84 

- 

- 

- 

1 

1 

2.0 

HP 

eo 

ASCE 

.40 

.50 

3570 

28.40 

- 

- 

- 

3 

3 

10.6 

ClnN 

RO 

ASCE 

.43 

.53 

12277 

94.76 

39 

8 

67 

108 

222 

234.3 

NYC-T 

80 

ASCE 

.45 

.55 

2064 

16.42 

16 

7 

3 

27 

53 

322.8 

B40CT 

85 

ASCE 

.43 

.53 

1867 

13.98 

4 

- 

18 

2 

24 

171.7 

Southern 

85 

KCS 

6014 

45.03 

0.0 

KCS 

85 

UP 

1133 

8.49 

t.O 

KCS 

85 

PS 

.45 

.55 

9946' 

74.46 

27 

9 

26 

134 

196 

263.2 

PL-S* 

85 

PS 

.45 

.55 

1055 

7.89 

4 

- 

9 

18 

31 

392.9 

PL-NW 

85 

PS 

.45 

.55 

3800 

28.45 

11 

2 

8 

20 

41 

144.1 

Vandalia 

90 

ARA-A 

.43 

.53 

25904 

183.16 

56 

9 

37 

153 

255 

139.3 

CHAStP 

90 

ARA-A 

.55 

.65 

7568 

53.55 

16 

- 

1 

20 

37 

69.1 

SP 

90 

ARA-B 

.43 

.53 

4210 

29.77 

6 

- 

12 

33 

51 

171.4 

cm 

90 

ASCE 

.45 

.55 

4791 

33.87 

46 

19 

83 

322 

470 

1387.6 

Erie 

100 

ARA-A 

.45 

.55 

7019 

44.61 

22 

2 

15 

29 

68 

152.4 

CUMStP 

100 

PS 

.45 

.55 

1917 

12.20 

25 

3 

1 

25 

54 

442.6 

PI-SW 

Total* 

100071 

733.87 

282 

59 

280 

895 

1506 

205.2 

1912 

75 

ASCE 

.40 

.50 

7244 

61.46 

14 

3 

71 

67 

155 

252.2 

CU4STP 

75 

MP 

5674 

48.14 

20 

1 

- 

2 

23 

47.8 

UP 

80 

ARA-A 

.40 

.50 

7940 

63.16 

3 

- 

3 

6 

12 

19.0 

GT 

85 

ASCE 

.43 

.53 

2685 

20.10 

6 

1 

8 

- 

IS 

74.6 

Southern 

85 

ASCE 

.43 

.53 

4200 

31.44 

8 

2 

6 

69 

85 

270.3 

HTC4StL 

85 

KCS 

2137 

16.00 

0.0 

KC8 

*90 

ARA-A 

.59 

.72 

1000 

7.07 

1 

- 

- 

- 

1 

14.1 

CB4Q 

+90 

ARA-A 

.43 

.53 

37622 

266.01 

35 

1 

15 

119 

170 

64.0 

CUiStP 

i90 

ARA-A 

.43 

.53 

4980 

35.21 

5 

1 

3 

25 

34 

96.5 

CUiStP 

+  100 

ARA-A 

.45 

.55 

3629 

23.09 

3 

1 

5 

16 

25 

108.4 

CUAStP 

Totals 

77111 

571.68 

85 

10 

111 

304 

520 

90.9 

1913 

75 

ASCE 

.40 

.50 

6145 

52.14 

4 

- 

41 

18 

63 

121.2 

CUAStP 

85 

ARA-A 

5250 

39.30 

3 

6 

1 

3 

13 

33.1 

NYCAStL 

85 

KCS 

2726 

20.41 

0.0 

KCS 

♦90 

ARA-A 

.43 

.53 

5318 

37.60 

3 

- 

2 

5 

10 

26.6 

CUtStP 

190 

ARA-A 

.43 

.53 

8269 

58.47 

8 

3 

- 

3 

14 

24.0 

CMtStP 

+90 

ARA-B 

.45 

.55 

2766 

19.56 

0.0 

HP 

Total* 

30474 

227.48 

18 

9 

44 

29 

loo 

43.9 

1914 

75 

tsor 

.40 

.50 

2103 

17.84 

5 

1 

4 

10 

20 

112.0 

CMftStP 

85 

ARA-A 

.43 

.53 

5250 

39.30 

1 

1 

- 

2 

4 

10.1 

NYCftStL 

85 

ASCE 

.43 

.53 

2489 

18.63 

0.0 

Southern 

85 

KCS 

3507 

26.25 

0.0 

KCS 

Total* 

13349 

102.02 

6 

2 

4 

12 

24 

23.5 

1915 

85 
85 

ARA-A 
UP 

.45 

.55 

2625 

1357 

19.65 

10.16 

- 

1 

~ 

2 

3 

15.2 
0.0 

NYCaStL 
KCS 

Totals 

3981' 

29.81 

- 

1 

- 

2 

3 

10.0 

1916 

75 

ASCE 

.40 

.50 

6605 

56.04 

0.0 

CUtStP 

75 

UP 

1818 

15.43 

1 

- 

- 

- 

1 

6.5 

UP 

85 

ARA-A 

2625 

19.65 

0.0 

NYCiStL 

85 

ASCE 

.41 

.51 

4433 

33.21 

0.0 

Southern 

85 

ASCE 

.41      .51 

1573 

11.03 

- 

- 

2 

- 

2 

18.1 

CK04TP 

Totals 

17054 

135.35 

1 

- 

2 

- 

3 

2.2 

♦      Ferro  Titanium  Alloy  Added 
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Tabic   7,    Sheet  3 


Total     Pail     Failure! 

From  • 

Date      Polled      to 

October  31et,      1916. 

Year 

Rol- 
led 

Lbs 
Per 
Yd. 

Sec 

Specif  led 
Carbon 

Total 

Tone 

Laid 

Equ  i  v . 

Track 

Miles 

Failures 

to  Date 

R.      R. 

Head 

Wet 

Ease 

Brkti 

Total 

Per  100 
Trk  Mis 

llin.  IHm. 

Beseem? 

Lackawanna  Steel  Coiapa 

ny 

1911 

80 

ASCE 

.43 

.53 

1794 

14.27 

1 

- 

- 

1 

2 

14.0 

NYSW 

80 

ASCE 

.40 

.50 

5053 

40.20 

31 

1 

4 

24 

60 

149.0 

GT 

Dudley 
Dudley 

.52 
.55 

.65 
.65 

2750 

9043 

+80 

71.94 

13 

1 

52 

106 

172 

239.1 

NYC-E 

85 

ASCE 

.43 

.53 

2625 

19.65 

7 

3 

15 

20 

45 

229.0 

KYCiStL 

85 

PS 

.45 

.55 

3043 

22.78 

8 

4 

- 

3 

15 

65.8 

PRR 

+90 

A  PA -A 

.43 

.53 

3000 

21.21 

50 

22 

134 

167 

373 

1758.6 

CBtO. 

90 

APA-B 

.45 

.55 

5658 

40.01 

- 

- 

- 

1 

1 

2.5 

NP 

90 

ASCF 

.45 

.55 

4317 

30.52 

5 

2 

- 

9 

16 

52.4 

Erie 

90 

ASCE 

.45 

.55 

3150 

22.27 

12 

2 

2 

18 

34 

152.6 

PAR 

+90 

ASCE 

.45 

.55 

1072 

7.58 

- 

- 

- 

5 

5 

65.9 

Erie 

+100 

ARA-A 

.45 

.55 

7000 

44.52 

48 

20 

1 

6 

75 

168.4 

CBAQ 

+1C0 

ASCE 

.60 

.70 

2630 

16.73 

3 

1 

7 

4 

15 

89.5 

MC 

IOC 

ASCE 

.45 

.55 

2301 

14.64 

16 

4 

1 

8 

29 

198.2 

Erie 

+100 

Dudley 

.60 

.70 

6404 

40.75 

29 

1 

86 

91 

207 

507.8 

NYC-E 

+100 

Dudley 

.60 

.70 

5540 

35.26 

9 

1 

13 

25 

48 

136.1 

BAA 

100 

PS 

.45 

.55 

39e2 

25.34 

25 

7 

1 

8 

41 

161.8 

PRR 

Totals 

69362 

4  69  .  54 

259 

72 

737 

575 

1643 

335.6 

1912 

eo 

ASCE 

.40 

.50 

3030 

24.55 

- 

- 

6 

11 

17 

69.2 

CT 

85 

ASCE 

.43 

.53 

42C0 

31.44 

1 

s 

- 

5 

11 

35.0 

NYCAStL 

+90 

ARA-A 

.43 

:E 

1000 

7.07 

- 

- 

- 

4 

4 

56.6 

CMAStP 

+90 

ARA-B 

.45 

3046 

21.54 

1 

- 

- 

3 

4 

18.6 

NP 

+90 

ASCE 

.43 

.53 

1980 

14.00 

- 

1 

2 

3 

6 

42. e 

StL-SF 

+100 

APA-A 

.45 

.55 

2050 

13.04 

7 

3 

- 

5 

15 

115.0 

CAEI 

elOO 

PS  (;i 

.45 

.55 

1C00 

6.36 

24 

2 

1 

1 

28 

44C.2 

PRR 

elOO 

PS    (2) 

.45 

.55 

1000 

6.36 

15 

3 

- 

- 

18 

2e5.3 

PP.R 

elOO 

PS    (3) 

.45 

.55 

1002 

6.38 

4 

4 

- 

- 

8 

125.4 

PRR 

elOO 

PS    (4) 

.45 

.55 

1001 

6.37 

10 

3 

- 

- 

13 

204.1 

PRR 

elOO 

PS    (5) 

.45 

.55 

1026 

6.53 

22 

1 

- 

1 

24 

367.5 

PRR 

100 

PS 

.45 

.55 

1647 

10. 4e 

23 

3 

2 

6 

34 

324.4 

PRR 

Totals 

21982 

154.12 

107 

25 

11 

^39 

182 

118.1 

1913 

70 

ASCE 

.45 

.55 

14  00 

12.73 

0.0 

WALE 

+80 

ASCE 

.48 

.56 

1009 

8.02 

0.0 

MMASE 

80 

ASCE 

.40 

.50 

3162 

25.15 

9 

- 

- 

- 

9 

35.7 

CT 

85 

ARA-A 

.43 

.53 

5250 

39.30 

3 

3 

- 

1 

7 

17. e 

NYCAStL 

+90 

ARA-B 

.45 

.55 

416C 

29.41 

1 

- 

- 

- 

1 

3.4 

w 

Totale 

14981 

114.61 

13 

3 

- 

1 

17 

14.8 

1914 

eo 

ASCE 

.48 

.58 

1215 

9.66 

O.C 

MUASF 

85 

ARA-A 

.43 

.53 

5250 

39.30 

1 

- 

- 

2 

3 

7.6 

NYCAStL 

+90 

ARA-B 

.45 

.55 

3320 

23.47 

0.0 

NP 

Totals 

9785 

72.43 

1 

- 

- 

2 

3 

4.1 

19151       85IaRA-A    1     .45  1    .55 

2625 

19,65 

-i    - 

- 

- 

- 

0.0 

1       NYCAStL 

19161       65IAKA-A    1     .45  1    .55 

2625 

19.65 

-1     - 

- 

- 

- 

0.0 

NYCAStL 

Beeteaer 

- 

Maryland 

Heel  Com) 

*any 

1911 

70 

ASCE 

.35 

.45 

11299 

102.72 

5 

1 

2 

10 

19 

18.5 

FIC 

80 

ASCE 

.70 

.85 

3364 

26.76 

1 

- 

1 

- 

2 

7.5 

CNE 

65 

ASCE 

.48 

.56 

1501 

11.24 

5 

1 

1 

9 

16 

142.3 

Virginian 

85 

ASCE 

.43 

.53 

3373 

25.85 

5 

2 

1 

1 

9 

35.7 

Southern 

85 

KCS 

1879 

14.07 

0.0 

kos 

65 

PS 

.45 

.55 

6643 

49.74 

20 

1 

3 

15 

46 

92.5 

PPR 

90 

ARA-B 

.43 

.53 

4000 

28.28 

3 

- 

- 

3 

6 

21.2 

CA^ 

+  90 

APA-B 

.45 

.55 

2543 

17.98 

11 

1 

- 

14 

26 

144.6 

PAO 

90 

ASCE 

.42 

.52 

1400 

9.76 

1 

1 

- 

3 

5 

57.2 

PAR 

100 

ARA-A 

.50 

.60 

2561 

16.29 

10 

- 

5 

1 

16 

98.0 

CRRNJ 

+  10C 

APA-B 

.46 

.56 

1732 

11.02 

19 

2 

1 

12 

34 

306.5 

PAO 

100 

ARA-B 

.62 

.75 

1967 

12.52 

2 

1 

- 

- 

3 

23.9 

M*. 

100 

ASCF 

10CC 

6.36 

0.0 

PF1P 

100 

KYNH1H 

.44 

1003 

*  .38 

- 

- 

- 

2 

: 

31.3 

BAM 

■100 

N  TNH  AH 

.45 

.55 

1022 

6.50 

1 

1 

- 

- 

2 

30.8 

SYNHAH 

100 

PS 

.45 

.55 

11094 

70.60 

22 

U 

3 

33 

77 

109.1 

PRR 

1 

IOC 

PAR 

.55 

.65 

1000 

6.36 

f 

1 

- 

2 

13 

204.4 

PAR 

Totale 

57381 

421.83 

115 

40 

18 

Lot 

m 

IS.1 

♦  r 

•  pro   Ti 

tarlui 

n  Alio 

i  Added. 

e   Ferro 

Tlta 

'    .» 

r»p« 

l»«ri 

t.    .  u 

ayari   Bei 

MMf 
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Table   7, 

Sheet  4 

Total     Rail     Failures     From 

Date     R 

oiled 

to 

October 

31st, 

1916. 

Year 
Rol- 
led 

Lba 

Per 
Yd. 

Sec. 

Specified 
Carbon 

Total 

Tone 

Laid 

Equiv. 

Track 

Miles 

Fai] 

ures 

to  Date 

R.   R. 

Head 

Web 

Base 

Brkn 

Total 

Per  100 
Trk  His 

Min.  |Max. 

Bessemer  - 

Marylar 

d   Steel 

Company    - 

Continued 

1912 

ic80 

ASCE 

.45 

.55 

1704 

13.55 

- 

- 

- 

1 

1 

7.4 

NYNH4H 

■BO 

Dudley 

.40 

.50 

4876 

38.79 

3 

11 

13 

12 

39 

100.5 

NYC-E 

85 

ASCE 

.48 

.58 

3314 

24.81 

6 

- 

1 

5 

12 

48.4 

Virginian 

e85 

ASCE 

.40 

.50 

3370 

25.23 

- 

1 

- 

4 

5 

19.8 

Southern 

90 

ARA-A 

.55 

.55 

4167 

29.40 

6 

- 

- 

- 

6 

20.4 

SP 

m90 

ARA-A 

.43 

.53 

2000 

14.14 

1 

1 

- 

3 

5 

35.4 

csutstP 

m90 

ARA-B 

.52 

7000 

49.49 

- 

- 

- 

1 

1 

2.0 

C40 

m90 

ARA-B 

.45 

.55 

1715 

12.13 

23 

- 

2 

2 

27 

222.6 

NP 

m90 

Ctl 

.43 

.53 

4660 

32.95 

7 

- 

35 

63 

105 

318.6 

GN 

+100 

ARA-B 

.46 

.56 

9833 

62.57 

35 

5 

- 

32 

72 

114.9 

B40 

100 

ASCE 

1000 

6.36 

- 

- 

- 

- 

- 

0.0 

RF4P 

mlOO 

Dudley 

.40 

.50 

2002 

12.74 

- 

- 

- 

1 

1 

7.9 

NYC-E 

100 

NYNH4H 

.53 

1670 

10.63 

1 

37 

20 

2 

60 

564.6 

BUI 

mlOO 

NYNHAH 

.45 

.55 

5205 

33.12 

2 

1 

9 

6 

18 

54.3 

NYNH4H 

mlOO 

PS 

.45 

.55 

3984 

25.35 

11 

2 

3 

- 

16 

63.1 

PL-NW 

100 

PS 

.45 

.55 

19881 

126.52 

50 

58 

5 

23 

136 

107.5 

PRR 

Totals 

76381 

517.78. 

145 

116 

88 

155 

504 

97.3 

1913 

75 

ASCE 

.38 

.48 

9800 

83.15 

- 

- 

- 

- 

- 

0.0 

AT4SF 

m85 

ASCE 

.40 

.50 

6289 

47.08 

3 

1 

1 

- 

5 

10.6 

Southern 

90 

ARA-A 

1101 

7.78 

3 

- 

- 

- 

3 

38.6 

CM 

m90 

ARA-B 

.52 

2000 

14.14 

2 

- 

1 

3 

21.2 

CAO 

m90 

ARA-B 

.45 

.55 

1196 

8.46 

- 

- 

- 

- 

- 

0.0 

NP 

mlOO 

PS 

.45 

.55 

2627 

16.71 

6 

- 

1 

1 

8 

47.8 

PL-NW 

100 

PS 

.45 

.55 

18245 

116.10 

46 

15 

3 

9 

73 

62.9 

PRR 

mlOO 

PS 

.45 

.55 

1030 

6.55 

7 

- 

- 

27 

34 

519.1 

PL-SW 

100 

PRR 

1158 

7.37 

12 

- 

- 

- 

12 

163.0 

CV 

klOO 

PAR 

.42 

.52 

1001 

6.37 

70 

- 

- 

- 

70 

1098.9 

P4R 

To  tela 

44447 

313.71 

149 

lfi 

5 

3R 

208 

66.3 

1914 

85 

ASCE 

.43 

.53 

3403 

25.48 

3 

- 

- 

1 

4 

15.7 

Southern 

m90 

APA-B 

.43 

.53 

2000 

14.14 

- 

- 

- 

- 

- 

0.0 

C40 

100 

ARA-B 

.45 

.55 

5342 

34.00 

2 

4 

- 

13 

19 

55.8 

B40 

ml  00 

PS. 

.45 

.55 

1245 

7.92 

3 

- 

- 

1 

4 

50.5 

PL-SW 

100 

PRR 

.45 

.55 

1500 

9.55 

- 

- 

- 

- 

- 

0.0 

CV 

Totals 

13490 

91.09 

8 

4 

- 

15 

27 

29.6 

1915 

85 

ASCE 

.41 

.51 

2911 

21.79 

2 

- 

- 

3 

5 

23.0 

Southern 

100 

ASCE 

1000 

6.36 

- 

- 

- 

- 

- 

0.0 

RF4P 

Totals 

3911 

28.15 

2 

- 

- 

3 

5 

17.8 

1916 

85|ASCE 

.41|     .51 

13979 

104.66 

" 

" 

" 

" 

' 

0.0 

Southern 

+  Ferro  Titanium  Alloy  Added   k  Entire  tonnage  removed  from  track  worn  out  in 

18  months  -  2  years 
m  Uayari  Bessemer 
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Table  7, 

Sheet  5 

Total     Rail    Failures    From 

Date    Rolled     to 

October 

31st, 

1916 

Tear 
Rol- 
led 

Lbe 
Per 
Yd. 

See. 

Specified 

Carbon 

Total 

Tone 

Laid 

Eq'uiT. 
Track 
Uilee 

Failuree 

to  Date 

R.   R. 

Head 

ffeb 

Base 

Brkn 

Total 

Per  100 

Trk  m.» 

Min.|  Uax. 

Open  Hearth  -  Algooa  Steel 

Oorporati 

on 

1914 

90 

ARA-A 

.63 

.76 

4190 

29.63 

9 

- 

1 

4 

14 

47.2 

OT 

90 

A8CE 

.60 

.73 

1854 

13.10 

3 

- 

- 

- 

3 

22.9 

CCCiStL 

100 

ARA-A 

.63 

.76 

7095 

45.15 

8 

- 

- 

2 

10 

22.1 

OT 

100 

ASCE 

.62 

.75 

1068 

6.92 

- 

- 

- 

3 

3 

43.3 

HC 

100 

ASCE 

.63 

.76 

3165 

20.98 

16 

- 

- 

4 

20 

95.3 

GT 

Total e 

17392 

115.78 

36 

- 

1 

13 

50 

43.2 

1915 

80 

ASCE 

.60 

.70 

1000 

7.96 

- 

- 

- 

- 

- 

0.0 

Tem.iNO 

80 

ASCE 

.55 

.68 

1621 

12.89 

1 

- 

- 

- 

1 

7.6 

TiOC 

85 

CPR 

.58 

.72 

2404 

18.00 

- 

- 

- 

- 

- 

0.0 

OT 

90 

ARA-A 

.63 

.76 

18926 

133.82 

5 

4 

1 

- 

10 

7.5 

IC 

90 

ARA-B 

.63 

.7€ 

2500 

17.68 

3 

- 

- 

2 

5 

28.2 

HV 

100 

ARA-A 

.62 

.75 

2992 

19.04 

- 

- 

- 

2 

2 

10.5 

CRItP 

100 

ARA-B 

.63 

.76 

1463 

9.31 

- 

- 

- 

- 

- 

0.0 

HV 

100 

ASCE 

.62 

.75 

5758 

36.34 

- 

- 

- 

- 

- 

0.0 

HC 

To tale 

36664 

255.04 

9 

4 

1 

4 

18 

7.1 

*"' 

1916 

85 

IIP 

1436 

10.75 

- 

- 

- 

- 

- 

0.0 

KCS 

90 

ARA-A 

.63 

.76 

11593 

81.97 

- 

2 

- 

- 

2 

2.4 

IC 

90 

ARA-B 

.63 

.76 

1989 

14.06 

1 

- 

- 

- 

1 

7.1 

HV 

90 

ASCE 

.60 

.73 

1149 

8.12 

- 

- 

- 

- 

- 

0.0 

T40C 

100 

ARA-B 

.63 

.76 

1516 

9.65 

- 

- 

- 

2 

2 

20.7 

HV 

100 

ASCE 

.62 

.75 

2174 

13.82 

1 

- 

- 

- 

1 

7.0 

MC 

Totala 

19857 

138.37 

2 

2 

- 

2 

6 

4.3 

Open  Hear' 

h  -  Both 

Lehem  St 

eel   Compan 

y 

1911 

75 

Dudley 

4235 

35.93 

- 

1 

- 

- 

1 

2.6 

SAL 

80 

ASCE 

.62 

.75 

3299 

26.24 

1 

S 

4 

7 

17 

64.8 

NYNHtH 

85 

ASCK 

.62 

.75 

2963 

22.13 

3 

2 

- 

48 

53 

238.9 

NiW 

85 

ASCE 

.67 

.80 

7080 

53.00 

15 

2 

29 

190 

236 

445.3 

UeC 

85 

ASCE 

.67 

.80 

17200 

128.77 

12 

3 

17 

70 

102 

79.5 

BaM 

85 

ASCE 

.62 

.75 

4917 

36.80 

1 

3 

6 

13 

23 

62.5 

NYOiW 

90 

ASCE 

.70 

.85 

4950 

35.00 

57 

2 

2 

247 

308 

880.0 

PtR 

90 

ASCE 

.65 

.75 

2102 

14.86 

6 

- 

- 

3 

9 

60.5 

Erie 

90 

ASCE 

.52 

.65 

8166 

57.74 

75 

1 

- 

32 

108 

187.1 

DiH 

91 

DL4W 

.67 

.80 

1962 

13.72 

19 

1 

2 

53 

75 

546.6 

DLIW 

100 

ARA-A 

.72 

.85 

11606 

73.86 

255 

37 

18 

643 

953 

1291.3 

CRRNJ 

100 

ASCE 

.62 

.75 

3927 

24.99 

23 

2 

4 

3 

32 

128.1 

NYC-W 

100 

ASCE 

.70 

.83 

4057 

25.82 

- 

- 

- 

2 

2 

7.4 

LI 

100 

Dudley 

.62 

.75 

2299 

14.63 

3 

3 

1 

2 

9 

61.5 

NYC-E 

100 

NYNHtH 

.70 

.83 

4384 

27.90 

5 

6 

2 

13 

26 

93.2 

NYNHtH 

100 

NYNHtH 

.70 

.83 

1000 

6.36 

- 

- 

2 

3 

5 

79.3 

Ball 

100 

PS 

.62 

.75 

3077 

19.58 

3 

2 

- 

73 

78 

398.4 

PRR 

101 

DUJ 

.70 

.83 

7613 

47.97 

38 

5 

11 

81 

135 

281.4 

DL&V 

110 

LV 

.63 

.76 

4967 

28.73 

90 

7 

2 

16 

117 

407.2 

LV 

Totala 

99804 

694.03 

606 

82 

100 

1501 

2289 

329.8 

1912 

801 A  SCI 

.62 

.75 

3116 

24.79 

- 

- 

- 

3 

3 

12.1 

NYNHtH 

80  ASCE 

.59 

.72 

6800 

54.09 

1 

- 

2 

4 

7 

12.9 

LtNE 

80  ASCE 

.62 

.75 

1981 

15.76 

- 

3 

- 

11 

14 

88.8 

CNE 

85  ASCE 

.62 

.75 

2936 

21.91 

1 

1 

- 

1 

3 

13.7 

NY04B 

85  ASCE 

.67 

.80 

8000 

59.89 

5 

- 

8 

55 

68 

113.5 

««C 

85  ASCE 

.67 

.80 

1571 

11.76 

4 

6 

13 

60 

83 

705.5 

Ball 

85  Dudley 

.62 

.75 

5556 

41.59 

2 

3 

1 

3 

9 

21.6 

SAL 

90 

AHA -A 

.59 

.72 

2000 

14.14 

i 

- 

1 

- 

4 

28.3 

CUAStP 

90 

ARA-B 

.59 

.72 

2428 

17.17 

15 

- 

2 

1 

18 

104.6 

NP 

90 

ASCE 

.62 

.75 

14259 

100.82 

13 

1 

- 

10 

24 

23.6 

MM 

90 

ASCE 

.67 

.80 

504  5 

35.67 

- 

2 

- 

3 

5 

14.0 

PAR 

90 

CN 

.59 

.72 

9982 

70.58 

3 

- 

1 

- 

4 

6.6 

ON 

91 

DUW 

.64 

.77 

3587 

25.03 

9 

1 

1 

9 

20 

79.9 

DUW 

100 

ARA-A 

.67 

.80 

2735 

17.40 

2 

- 

- 

- 

2 

11.3 

CRHNJ 

100 

ARA-A 

.63 

.76 

15150 

96.41 

165 

3 

2 

25 

215 

223.0 

LV 

100 

ARA-B 

.70 

.60 

4233 

26.93 

36 

2 

1 

40 

79 

293.3 

RAO 

100 

ARA-n 

.62 

.75 

3330 

21.32 

1 

- 

- 

- 

1 

4.7 

Erie 

100 

AK/-M 

.62 

.75 

3800 

24.18 

4 

- 

- 

- 

4 

14.2 

N41 

100 

Dudley 

.62 

.75 

7386 

47.00 

2 

1 

- 

- 

3 

.     6.4 

NYC-I 

100 

NYNHtH 

.70 

.83 

3438 

21.68 

10 

7 

- 

3 

20 

91.4 

NYNHtl' 

100 

PS 

.62 

.75 

4317 

27.47 

1 

3 

1 

5 

10 

36.4 

PRR 

101 

DUf 

.70 

.83 

3897 

24.55 

7 

- 

1 

32 

40 

162.9 

I'l  II 

110 

LV 

.63 

.76 

2140 

12.38 
812.72 

28 

10 

1 

1 

40 
676 

323.1 
82.7 

LV 

Totale 

117707 

332 

43 

35 

26« 

454 
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Table   7, 

Eheet   6 

Total     F.a 

11     Failures     Trot> 

Date     Rolled 

to 

October 

31et, 

1916. 

Year 

Rol- 
led 

Lbs 
Per 
Yd. 

Sec. 

Specified 
Carbon 

Total 

Tone 

Laid 

Equiv. 

Track 

Miles 

rai] 

ures 

to  Date 

R.    R. 

Head 

reb 

Base 

Brkn 

Total 

Per   100 
Trk  Ills 

Vi  r: .  |  Uax . 

Open  Heart> 

-  Bethlehem  St 

eel  Company  -  Continued 

1913 

72 

NP 

.52 

.65 

3984 

35.21 

- 

- 

- 

- 

- 

CO 

NP 

80 

ASCE 

.62 

.75 

1085 

8.63 

- 

2 

- 

1 

3 

34.8 

NYVH4H 

80 

ASCE 

.70 

.63 

1233 

9.80 

- 

1 

- 

- 

1 

10.2 

LI 

B5 

ASCE 

.67 

.80 

10COO 

74.86 

2 

- 

3 

38 

43 

57.4 

KaC 

85 

ASCE 

.67 

.80 

4  600 

34. 4e 

- 

2 

3 

2 

7 

20.3 

Bit- 

90 

ARA-A 

.59 

.72 

2105 

14.88 

- 

- 

- 

1 

1 

6.7 

CUAStP 

90 

ARA-B 

.62 

.75 

4534 

32.05 

1 

- 

- 

1 

2 

6.2 

NY04W 

90 

ARA-B 

.63 

.76 

2624 

18.55 

14 

- 

- 

3 

17 

91.6 

E40 

90 

ARA-B 

.59 

.72 

1444 

10.21 

2 

- 

- 

- 

2 

19.6 

NP 

90 

ASCE 

.62 

.75 

7376 

52.15 

2 

- 

- 

1 

3 

5.6 

D4H 

90 

ASCE 

.67 

.80 

3005 

21.25 

- 

- 

- 

2 

2 

9.0 

CRRHJ 

90 

ASCE 

.67 

.80 

5310 

37.54 

2 

- 

1 

4 

7 

18.6 

P4R 

90 

ON 

.59 

.72 

10060 

71.13 

13 

24 

24 

62 

87.2 

CN 

91 

DL4W 

.64 

.77 

1902 

13.30 

1 

- 

5 

6 

45.0 

DL4W 

100 

ARA-A 

.63 

.76 

18374 

116.93 

93 

1 

8 

109 

93.2 

LV 

ICO 

ARA-A 

.63 

.76 

1523 

9.69 

2 

- 

- 

2 

20.6 

CRTiP 

100 

ARA-A 

.67 

.eo 

4325 

27.52 

4 

- 

1 

6 

21.8 

CRRNJ 

100 

ARA-A 

.70 

.85 

2123 

13.51 

11 

- 

7 

20 

148.2 

L4HP 

100 

ARA-A 

.63 

.76 

4000 

25.45 

3 

4 

- 

8 

31.4 

Erie 

ICO 

ARA-B 

.63 

.76 

1072 

6.82 

10 

1 

19 

32 

469.2 

Virginian 

100 

ARA-B 

.63 

.76 

1624 

10.34 

1 

- 

5 

6 

58.0 

B40 

100 

ARA-B 

.62 

.75 

5300 

33.72 

9 

- 

7 

17 

50.4 

N4W 

100 

ASCE 

.70 

.83 

2837 

18.05 

- 

- 

- 

- 

0.0 

LI 

100 

NYNH4H 

.70 

.83 

10607 

67.50 

2 

1 

- 

4 

5.9 

NYKH4H 

100 

NYNH4H 

.70 

.83 

3500 

22.27 

2 

1 

2 

6 

26.9 

B4M 

100 

PtR 

.67 

.80 

2720 

17.31 

- 

- 

4 

6 

34.6 

P4R 

100 

PS 

.62 

.75 

3261 

20.75 

1 

- 

- 

1 

4.8 

PRR 

105 

Dudley 

.62 

.75 

9530 

57.76 

- 

- 

- 

- 

0.0 

NYC-E 

♦  105 

Dudley 

.62 

.75 

1033 

6.26 

2 

- 

2 

4 

63.9 

NYC-E 

110 

LV 

.63 

.76 

12903 

74.64 

100 

11 

3 

2 

116 

155.4 

LV 

fllO 

LV 

.63 

.76 

1201 

6.95 

9 

1 

6 

17 

244.6 

LV 

Totals 

145195 

969.51 

286 

36 

43 

14  5 

510 

52.6 

1914 

80 

ASCE 

.53 

.66 

1296 

10.31 

- 

- 

- 

- 

- 

0.0 

CNE 

85 

ASCE 

.63 

.76 

1630 

12.20- 

- 

- 

- 

- 

- 

0.0 

Ban 

90 

ARA-A 

.59 

.72 

1931 

13.65 

- 

- 

1 

- 

1 

7.3 

Ck4StP 

90 

ARA-B 

.62 

.75 

3172 

22.40 

- 

- 

- 

- 

- 

0.0 

NY04W 

90 

ASCE 

.67 

.80 

5042 

35.65 

1 

- 

- 

3 

4 

11.2 

P4R 

90 

ASCE 

.62 

.75 

12000 

84.85 

- 

- 

- 

- 

- 

0.0 

D4H 

91 

DL4W 

.64 

.77 

2350 

16.43 

- 

- 

- 

1 

1 

6.0 

DL1W 

ICO 

ARA-A 

.62 

.75 

5000 

31.82 

1 

- 

- 

- 

1 

3.1 

Erie 

100 

ARA-A 

.63 

.76 

26237 

166.97 

18 

- 

1 

1 

20 

12.0 

LV 

100 

ARA-A 

.67 

.80 

3866 

24.60 

- 

- 

- 

- 

- 

0.0 

CRRNJ 

100 

ARA-B 

.62 

.75 

3000 

19.10 

1 

- 

- 

1 

2 

10.4 

C40 

100 

ARA-B 

.63 

.76 

1056 

6.72 

- 

- 

- 

- 

- 

0.0 

Vjrpiniar 

ICO 

ARA-B 

.62 

.75 

4100 

26.09 

2 

- 

- 

- 

2 

7.6 

Nil 

100 

NYNH4H 

.63 

.76 

1798 

11.44 

- 

- 

- 

- 

- 

0.0 

5AL' 

100 

NYNH4H 

.63 

.76 

1066 

6.78 

- 

1 

- 

- 

i 

14.7 

NYKH4M 

100 

PS 

.62 

.75 

4422 

28.14 

- 

1 

- 

2 

3 

10.7 

PRR 

105 

Dudley 

.62 

.75 

2030 

12.30 

- 

- 

- 

- 

- 

0.0 

NYC-E 

110 

I.V 

.63 

.76 

5950 

34.42 

4 

- 

- 

- 

4 

11.6 

LV 

Total  a 

8  594  6 

563.67 

27 

2 

2 

8 

39 

6.9 

1 

♦      Ferro  Titanuir  Alloy  Added  . 
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Table   7,    Sheet  7 

Total     Rail     Failures     From     Date     Rolled     to     October     31et,     1916. 

Tear 

Rol- 
led 

Lbe 
Per 
Yd. 

8ec. 

Specified 
Carbon 

Total 

Tons 

Laid 

Equiv. 
Track 
lUlee 

Failures  to  Date 

R.    R. 

Head 

Bel: 

Base 

[Per  100 
Brkn    Total     |Trk   Ills 

Uin.lUax. 

Open  Hearth  -  Bethlehem  Steel  Company  -  Continued 

1915 

80 

90 

90 

90 

90 

90 

100 

100 

100 

100 

100 

100 

100 

100 

100 

101 

105 

105 

105 

107 

125 

135 

ASCE 

ARA-A 

ARA-B 

ARA-B 

ASCE. 

GN 

ARA-A 

ARA-A 

ARA-A 

ARA-A 

ARA-B 

ARA-B 

PtR 

PS 

PS 

DL*S 

DL4W 

Dudley 

Dudley 

NYNH4H 

PS 

CRRNJ 

.53 
.62 
.59 
.62 
.62 
.59 
.67 
.70 
.62 
.63 
.62 
.59 
.63 
.60 
.62 
.64 
.64 
.62 
.62 
.62 
.68 
.82 

.66 
.75 
.72 
.75 
.75 
.72 
.80 

.es 

.75 
.76 
.75 
.74 
.76 
.75 
.75 
.77 
.77 
.75 
.75 
.75 
.82 
.95 

1711 
1000 
1500 
2133 
2063 

14800 
1178 
1038 
4992 
4738 
4866 
4500 
3100 
1440 
1440 
4216 
5222 
3092 
1240 

12228 
2808 
1694 

13.61 

7.07 

10.61 

15.08 

14.58 

104.64 

7.58 

6.61 

31.77 

30.15 

30.96 

28.63 

19.72 

9.23 

9.23 

26.56 

31.64 

18.74 

7.52 

72.72 

14.29 

8.00 

27 

12 
2 

3 

1 

4 

1 
2 

2 

2 

3 

1 

1 

1 

9 

3 

1 

3 

10 

2 

1 

1 

39 

16 
3 

6 

1 
4 

14 

7 

1 

1 

0.0 
0.0 
367.5 
0.0 
0.0 

15.3 

40.0 
0.0 

18.9 
0.0 
3.2 

13.9 

0.0 

151.7 

0.0 

0.0 

22.1 
0.0 
0.0 
1.4 
0.0 

12.5 

NYNHftH 

CB40 

CM 

NY04W 

D4H 

ON 

CRRNJ 

LAHR 

Erie 

LV 

N4W 

C40 

P4R 

PRR 

PRR 

DL4V 

DL4V 

B4A 

NYC-E 

NYVHAH 

PRR 

CRRNJ 

Totals 

80999 

518.94 

52 

7 

3 

30 

92 

17.7 

1916 

80 
85 
90 
90 
90 
90 
90 
90 
100 
100 
100 
100 
100 
100 
100 
101 
105 
125 
135 
136 

ASCE 

ASCE 

ARA-A 

ARA-B 

ARA-B 

ARA-B 

ASCE 

ASCE 

ARA-A 

ARA-* 

ARA-A 

APA-B 

ARA-B 

PAR 

PS 

DL4W 

DL4W 

PS 

CRRNJ 

LV 

.70 
.62 
.59 
.62 
.59 
.62 
.62 
.62 
.70 
.67 
.63 
.62 
.62 
.67 
.60 
.64 
.64 
.68 

.e2 

.76 

.e3 

.75 
.72 
.75 
.72 
.70 
.75 
.75 

.es 

.80 
.76 
.74 
.75 
.80 
.75 
.77 
.77 

.e2 

.95 

.R9 

1418 

4550 
1999 
2423 
2452 
1000 
3807 
1204 
2634 
2862 
5392 
6000 
3436 
2960 
4290 
1022 
1326 
1852 
1290 
2538 

11.29 

34.06 

14.13 

17.13 

17.34 

7.07 

26.93 

8.51 

16.76 

16.21 

34.31 

38.20 

21.88 

18.83 

27.30 

6.44 

8.04 

9.43 

6.10 

11.88 

1 

1 

- 

1 

7 
6 

1 
1 

1 

7 
6 

0.0 

0.0 
0.0 
5.8 
5.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.7 
0.0 
0.0 
74.2 
98.2 
0.0 

LI 

UeC 

CUaStP 

NY04W 

NP 

C40 

D4H 

CRRNJ 

L4HR 

CRRNJ 

LV 

C40 

N4W 

P4R 

PRR 

DI.4W 

DL4S 

PRR 

CRRNJ 

LV 

Totals 

544  57 

353.84 

1 

1 

- 

14 

16 

4.5 

Open  Hearth  -  Cambria  Steel  Company 

1911 

B5 
85 
90 
90 
100 
100 

ASCE 

PS 

ARA-B 

APA-B 

ARA-B 

PS 

.62 
.62 
.65 
.63 
.70 
.62 

.75 
.75 

.eo 

.76 

.eo 

.75 

3390 
7488 
4508 
6490 
3709 
13065 

25. 3e 
56.06 
31.60 
45.89 
23.60 
83.14 

2 

27 
24 
19 

88 
75 

2 

68 

10 

6 

3 

132 

1 
2 

1 
1 
7 

2 

20 

74 

6 

23 

109 

7 

97 
108 

34 
115 
323 

27.6 
173.0 
339.6 

74.1 
467.3 
388.5 

N4W 

PRR 

MO 

HV 

BM 

PRR 

Totals 

38650 

2C5.H7 

235 

'03 

12 

234 

684 

257.2 

1912 

72 
85 
90 
90 
90 
90 
90 
100 
100 
100 
100 
100 
100 
100 

NP 

ASCE 
ARA-A 
ARA-A 

AHA-y 

ARA-B 

ON 

ARA-A 

A  PA -A 

ARA-B 

ARA-B 

P8 

PS 

P8 

.52 
.62 
.63 
.59 
.63 
,61 
.59 
.70 
.*3 
.70 
.62 
.62 
.62 

.65 
.75 
.76 
.72 

.76 
.76 
.72 

.eo 

.76 

.eo 

.75 
.75 
.75 
.75 

1172 
3300 
1566 
2000 
5108 
1000 
9840 
1065 
2360 

23957 
1097 

21739 
14  29 

10.36 
24.70 
11    07 
14.14 
36.12 

7.07 
6B.58 

6.78 

15.02 

152. 4e 

6.98 
138.34 

9.09 

■  i  .  :■  l 

1 

6 
2 
2 

8 

9 
100 
1 
98 
1 
9 

1 
1 

a 

is 

M 

l 

2 

1 
3 

1 
8 

1 
1 
5 

1 

1 

119 

130 

2 

8 
7 
2 

4 

1 

13 

1 

16 

234 

1 

297 

2 

19.3 

32.4 

63.1 

14.1 

11.1 

14.1 

18.2 

14.7 

106.5 

153.4 

14.3 

214.6 

22.0 

21.1 

NP 

MM 

OP 

CMAStP 

HV 

CI*!. 

CH 

P«r 

LV 

BAO 

NAI 

PRR 

PL-SW 

PL-NW 

Totals 

R3f,97 

112.01 

237 

"1 

4 

269 

601 

101.1 
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Tabls  7, 

Sheet  e 

Total     Rail     Failures     From     Date     Rolled      to     October     31st,      1916. 

Tear 

Rol- 
led 

Lb* 
Per 
Yd. 

Sec  . 

Specified 
Carbon 

Total 

Tons 

Laid 

Equiv. 
Track 
Viles 

Failures  to  Date 

R.   R. 

Head   Beb 

Base 

Brkn  total 

Per  IOC 
Trk  His 

Uin.lUax. 

Open  Heartn  -  Cajtbna  Steel  Company  -  Continued 

1913 

72 
85 
85 
85 

90 
90 
90 
90 
90 
90 
90 
100 
100 
100 
100 

NP 

ASCI 
PS 
PS 

ARA-A 

ARA-A 

ARA-B 

APA-B 

ASCE 

ASCE 

GN 

ARA-A 

ARA-B 

ARA-B 

PS 

.52 
.62 
.62 
.62 
.59 
.63 
.63 
.63 
.59 
.59 
.59 
.63 
.63 
.62 
.62 

.65 
.75 
.75 
.75 
.72 
.76 
.76 
.76 
.75 
.72 
.72 
.76 
.76 
.75 
.75 

6965 
2559 
1916 
2589 
4809 
8562 
3793 
1000 
1717 
1566 
4860 
2208 

23008 
2683 

25410 

61.56 
19.16 
14.34 
19.39 
34.00 
60.53 
26.82 
7.07 
12.14 
11.07 
34.36 
14.05 

146.42 
17.  n 

161.70 

2 
1 

1 
5 

6B 
1 

57 

59 
13 

7 

4 

4 

2 

73 

1 

1 
1 
1 

2 
2 

19 

4 

96 

3 
74 

2 

2 

60 

13 

2 

7 

24 

1 
14 

167 

4 

205 

3.2 

10.4 

4ie.4 

6.7.0 

5.9 

11.5 

59.5 

0.0 

0.0 

9.0 

40.8 

0.0 

114.1 

23.4 

126.8 

NT 

NM 

PRR 

GR4I 

CKAStP 

B40 

HV 

CI4L 

CKRNJ 

K4K 

CV 

B40 

R40 

N4W 

PRR 

Totals 

93645 

639.68 

135 

162 

4 

200 

501 

78.3 

1914 

90 
90 
90 
90 
100 
100 
100 
100 
100 
125 

ARA-A 

ARA-A 

ARA-B 

ARA-B 

APA-B 

ARA-B 

ARA-B 

PS 

PS 

PS 

.63 
.59 
.62 
.63 
.63 
.63 
.62 
.60 
.62 
.78 

.76 
.72 
.75 
.76 
.76 
.76 
.75 
.75 
.75 
.92 

1050 
4952 
3099 
1070 

11003 
1535 
2304 
9777 

13363 
9723 

7.43 
35.01 
21.91 

7.57 
70.02 

9.77 
14.66 
62.22 
85.04 
49.50 

1 

1 

16 

1 

7 
4 
16 

1 
1 

7 
6 
4 

1 
1 

1 

1 

44 
1 
1 
S 
9 
7 

2 

2 
2 

61 
1 
2 
20 
19 
27 

26.9 
0.0 
9.1 
26.4 
87.1 
10.2 
13.6 
32.1 
22.3 
54.5 

B40 

Ck4StP 

HP 

HV 

MO 

HV 

Nil 

PRR 

PRR 

PRR 

Totals 

57876 

363.13 

46 

19 

2 

69 

136 

37.7 

1915 

85 
90 
90 

100 
100 
100 
125 

ASCE 

ARA-A 

ARA-A 

ARA-B 

ARA-B 

PS 

PS 

.62 
.62 
.62 

.62 
.62 
.60 
.68 

.75 
.75 
.75 
.75 
.75 
.75 
.82 

1462 

1000 

6350 

13171 

2045 

18117 

10587 

10.94 
7.07 
44.91 
83.  e2 
13.01 
115.30 
58.99 

1 

2 

6 

1 

1 

2 

7 

1 

3 

11 
7 

0.0 
0.0 
0.0 
3.6 
0.0 
9.5 
11- 9 

N4f 
CB40, 
B40 
MO 

N4W 
PRR 
PRR 

Totals 

.ri'M 

334.04 

9 

1 

1 

10 

21 

6.3 

1916 

90 
90 
90 
100 
125 
+125 

A  FA -A 

ARA-B 

CN 

ARA-B 

PS 

PS 

.59 
.62 

.59 
.62 

.68 
.68 

.72 
.75 
.72 
.75 

.e2 

.82 

3009 
1371 
1464 
3508 
3734 
2006 

21.27 
9.69 
10.35 
22.32 
19.01 
10.21 

2 

1 

1 

1 

- 

2 
2 
1 

0.0 
0.0 
0.0 
8.9 
10.5 

9.e 

CM4STP 

NP 

CN 

MM 

PRR 
PRR 

Totals 

15092 

92.es 

3 

1 

1 

- 

5 

5.4 

+  Ferro  Titsjiius  Alloy  Added 
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Table  7, 

Sheet  9 

Total     Rail     failure*     Fron 

Date     Rolled     to 

October     31et, 

1916. 

Tear 
Rol- 
led 

Lb* 
Per 
Yd. 

Sec. 

Specified 
Carbon 

Total 

Tons 

Laid 

Equiv. 

Track 

Miles 

7ail 

ures   to  Date 

R.     R. 

Head 

Web 

Base 

Brkn 

Tettl 

Per  100 

Trk  Uls 

Vir.l  tax. 

Open  Heart 

i  -  Cam 

egie  Ste 

si   Company 

1911 

85 

PS 

.62 

.75 

2005 

15.01 

7 

9 

- 

1 

17 

113.2 

PRR 

90 

ARA-A 

.65 

.80 

5190 

36.69 

14 

8 

- 

32 

54 

147.2 

B40 

90 

ARA-B 

.65 

.85 

6661 

47.09 

40 

12 

2 

83 

137 

290.9 

B40 

90 

ASCE 

.70 

.85 

5040 

35.63 

- 

2 

- 

11 

13 

36.4 

PAR 

100 

ARA-A 

.63 

.76 

1024 

6.52 

- 

16 

1 

7 

24 

368.1 

LV 

100 

ARA-B 

.62 

.75 

4284 

27.26 

11 

6 

- 

6 

23 

84.4 

P41E 

100 

ARA-B 

.62 

.75 

2976 

18.94 

5 

13 

- 

- 

18 

95.4 

PALE 

100 

PS 

.62 

.75 

11514 

73.27 

23 

79 

- 

36 

138 

188.3 

PRR 

100 

PS 

.62 

.75 

6233 

39.66 

17 

14 

2 

40 

73 

184.0 

PL-NW 

Totals 

44927 

300.07 

117 

159 

5 

216 

497 

165.6 

1912 

80 

ARA-B 

.52 

.65 

2170 

17.26 

31 

- 

- 

2 

33 

191.2 

NYS4W 

85 

PS 

.62 

.75 

3986 

29.84 

- 

- 

- 

- 

- 

0.0 

PL-NI 

90 

ARA-A 

.70 

.80 

2569 

10.16 

2 

2 

- 

4 

8 

44.1 

CHAD 

90 

ARA-A 

.65 

,R0 

8287 

58.59 

32 

- 

1 

16 

49 

83.6 

B40 

90 

ARA-B 

.59 

.72 

16640 

117.65 

22 

5 

- 

16 

43 

36.5 

Erie 

90 

ARA-B 

.65 

.85 

2187 

15.46 

91 

7 

- 

20 

118 

763.2 

B40 

90 

ASCE 

.60 

.73 

14  55 

10.28 

10 

8 

- 

7 

25 

243.1 

WALE 

100 

ARA-A 

.70 

.80 

1218 

7.75 

9 

9 

- 

7 

25 

322.5 

B40 

100 

ARA-B 

.62 

.75 

1585 

10.09 

- 

3 

- 

3 

6 

59.4 

P4LE 

100 

ARA-B 

.62 

.75 

15500 

98.63 

11 

6 

2 

16 

35 

35.4 

N4W 

ICO 

ARA-B 

.62 

.75 

4704 

29.94 

3 

1 

- 

7 

11 

36.3 

P4LE 

100 

ARA-R 

.70 

.80 

7723 

49.15 

4 

3 

1 

18 

26 

52.9 

RAO 

100 

PS 

.62 

.75 

16628 

105.81 

14 

30 

- 

19 

63 

59.5 

PL-NW 

100 

PS 

.62 

.75 

9459 

60.19 

16 

9 

2 

18 

45 

74.6 

PL-SB 

Totals 

94111 

620.80 

245 

83 

6 

153 

487 

78.4 

1913 

80 

ARA-A 

.53 

.66 

2370 

18.  e4 

7 

2 

- 

2 

11 

58.4 

Erie 

85 

ASCE 

.62 

.75 

4275 

32.00 

2 

- 

- 

3 

5 

15.6 

N4W 

85 

m> 

1113 

8.34 

- 

- 

- 

1 

1 

12.0 

WP 

90 

ARA-A 

.63 

.76 

7824 

55.32 

2 

- 

- 

3 

5 

9.1 

B40 

90 

ARA-A 

.63 

.76 

4155 

29.38 

1 

- 

- 

- 

1 

3.4 

CH4D 

90 

ASCE 

.60 

.73 

4627 

32.71 

6 

1 

- 

4 

11 

33.6 

WALE 

90 

ASCE 

.70 

.85 

4994 

35.31 

1 

- 

1          3 

5 

14.1 

P4R 

100 

ARA-A 

.63 

.76 

8781 

55. es 

3 

1 

3  1       9 

16 

28.6 

B40 

100 

ARA-A 

.63 

.76 

13135 

83.59 

13 

4 

1        10 

28 

33.5 

Frie 

100 

ARA-A 

.63 

.76 

7327 

46.63 

21 

3 

- 

25 

53.6 

LV 

100 

ARA-A 

.63 

.76 

3650 

23.23 

3 

- 

1 

4 

17.2 

Erie 

100 

ARA-B 

.63 

.76 

8168 

51.98 

10 

1 

- 

31 

42 

80.8 

B40 

100 

ARA-B 

.62 

.75 

13252 

84.33 

- 

1 

- 

2 

3 

3.5 

■  '.- 

100 

ARA-B 

.62 

.75 

3615 

23.00 

1 

- 

- 

3 

4 

17.6 

PALE 

100 

ARA-B 

.62 

.75 

2715 

17.28 

1 

- 

-  1      8 

9 

52.2 

P4LE 

100 

ARA-B 

.65 

.75 

?39] 

15.22 

- 

- 

1 

1 

6.6 

B4LE 

100 

PS 

.62 

.75 

7658 

48.73 

3 

2 

9 

14 

28.7 

PL-SW 

100 

PS 

.62 

.75 

12282 

78.12 

42 

5 

2        16 

65 

83.2 

PL-NW 

Totals 

112332 

739. f:9 

116 

20 

7  |  107 

250 

33.6 

"1914 

90 

ARA-A 

.O 

.76 

1414 

10.00 

- 

- 

- 

1 

1 

10.0 

CH4D 

90 

ASCE 

.67 

.eo 

5028 

35.55 

- 

1 

- 

- 

1 

2.e 

PAR 

100 

ARA-A 

.63 

.76 

4194 

26.69 

- 

- 

- 

1 

3.7 

B40 

100 

ARA-A 

.62 

.75 

1524 

9.69 

1 

- 

- 

1 

10.3 

LEAF 

100 

/\RA.A 

.62 

.75 

20528 

130.64 

1 

1 

2 

8 

6.1 

Kris 

iro 

ARA-B 

.62 

.75 

8400 

53.66 

- 

- 

- 

- 

0.0 

NAW 

100 

ARA-R 

.62 

.75 

1028 

6.54 

" 

- 

- 

1 

15.3 

P4LE 

100 

ARA-B 

.62 

.75 

1797 

11.44 

"        2 

- 

- 

2 

17.4 

PALF 

100 

ARA-B 

.63 

.76 

3159 

20.11 

~ 

- 

13 

13 

64.7 

BAO 

100  ARA-B 

.63 

.75 

2597 

16.53 

1 

2 

6 

36.3 

BALK 

100 

PS 

.62 

.75 

5289 

33.65 

1 

- 

- 

1 

3.0 

PL-SW 

100 

PS 

.62 

.75 

3140 

19.98 

1' 

- 

12 

60.1 

PRR 

100 

PS 

.62 

.75 

aS.M 

2i     - 

-1       3 

5 

7.9 

Pt-NW 

Totals 

^  68037 

437.72 

12'      7 

:•      ?i 

52 

11.9 

RAIL. 


Table   7, 

Sheet   1" 

Total     Rail     failures 

Troa 

Date     P.c 

lied 

to 

October 

31st, 

1916. 

Tear 
Rol- 
led 

Lb  a 
Per 
Yd. 

Sec. 

Specified 

"ar^cn 

Total 

Tone 

Laid 

EquiT. 
Track 
Ullea 

failures 

to  Date 

P.      R. 

Head  Teb  Base 

Brkn 

Total 

Per   100 
Trk  Hie 

■in.  1  Ham. 

Open  Heart)' 

-  Carnegie  Ste< 

1  Conpany  -  Continued 

1915 

65 

ASCE 

.62 

.75 

1061 

7.93 

- 

- 

- 

- 

- 

0.0 

NAW 

90 

ARA-A 

.62 

.75 

8056 

56.95 

- 

- 

- 

- 

- 

0.0 

CHAD 

90 

ASCK 

.63 

.76 

2306 

16.30 

- 

- 

- 

- 

- 

0.0 

PAR 

90 

ASCE 

1528 

10.80 

0.0 

WALE 

100 

ARA-A 

.62 

.75 

20530 

130.65 

- 

- 

- 

1 

1 

0.7 

Erie 

100 

ARA-A 

.62 

.75 

5334 

33.94 

1 

- 

- 

1 

2 

5.9 

MO 

100 

ARA-B 

.62 

.75 

5769 

36.71 

■; 

- 

- 

4 

8 

21.8 

BALK 

100 

ARA-B 

.62 

.75 

4755 

30.26 

- 

- 

- 

- 

- 

0.0 

PALE 

100 

ARA-B 

.62 

.75 

8930 

56.82 

- 

- 

- 

1 

1 

1.8 

BAO 

100 

ARA-B 

.62 

.75 

3746 

23.84 

- 

- 

- 

- 

- 

0.0 

PILE 

100 

ARA-B 

.62 

.75 

14025 

89.25 

- 

- 

- 

- 

- 

0.0 

NAT 

100 

PS 

.60 

.75 

24380 

155.15 

l 

- 

- 

- 

1 

0.6 

PL-KW 

100 

PS 

.60 

.75 

8433 

53.66 

- 

- 

- 

- 

- 

0.0 

PL-SW 

100 

PS 

.60 

.75 

1129 

7.18 

- 

- 

- 

- 

- 

0.0 

PRR 

Totals 

109982 

709.44 

6 

- 

- 

7 

13 

i.e 

1916 

90 

ASCE 

.63 

.76 

2000 

14.14 

- 

- 

- 

- 

- 

0.0 

PAR 

100 

ARA-B 

.63 

.76 

1006 

6.40 

- 

- 

- 

- 

- 

0.0 

HV 

100 

ARA-B 

.62 

.75 

5819 

37.03 

1 

- 

- 

- 

1 

2.7 

BALE 

100 

ARA-B 

.62 

.75 

1785 

11.36 

- 

- 

- 

- 

- 

0.0 

PALE 

100 

ARA-B 

.62 

.75 

12e08 

81.50 

- 

- 

- 

- 

- 

0.0 

HAW 

100 

PAR 

.67 

.80 

2061 

13.11 

- 

- 

- 

- 

- 

0.0 

PAR 

100 

PS 

.60 

.75 

25108 

159.78 

- 

- 

- 

- 

- 

0.0 

PL-NW 

100 

PS 

.60 

.75 

10327 

65.71 

- 

- 

- 

- 

- 

0.0 

PL-SW 

130 

PS 

.68 

.87 

12371 

60.56 

1 

- 

- 

- 

1 

1.6 

PRR 

Totals 

73285 

449.59 

2 

- 

- 

- 

2 

0.4 

Open  Hearti 

>  -  Colt 

rado  fue. 

I  4  Ir 

or    ' 

!ocpar 

y 

1911 

75 

CS 

.55 

.68 

8972 

76.12 

- 

- 

- 

l 

1 

1.3 

OSL 

75 

CS 

.55 

.68 

1773 

15.04 

- 

- 

- 

- 

- 

0.0 

TANO 

75 

CS 

.55 

.68 

2384 

20.23 

- 

- 

- 

- 

- 

0.0 

HATC 

85 

DiRO 

.58 

.68 

2855 

21.37 

5 

- 

- 

3 

8 

37.5 

DARG 

90 

ARA-A 

.63 

.76 

9387 

66.37 

109 

18 

2 

3 

132 

195.9 

OSL 

90 

A  PA -A 

17292 

122.26 

88 

3 

- 

6 

97 

79.3 

SP 

9C 

ARA-A 

.63 

.76 

5065 

35.81 

14 

- 

- 

4 

18 

50.3 

UP 

90 

ARA-A 

.58 

.68 

17200 

121.60 

85 

4 

3 

9 

101 

83.0 

CBAQ 

90 

Sf 

.59 

.72 

45650 

322.78 

293 

9 

- 

17 

319 

98.8 

ATASF 

Totals 

110578 

601.58 

594 

34 

5 

43 

676 

54.3 

1912 

75 

CS 

i  cc 

.6e 

5232 

44.39 

- 

- 

- 

- 

- 

0.0 

UP 

75 

CS-R 

.63 

.76 

11557 

98.06 

- 

- 

- 

2 

2 

2.0 

OSL 

75 

"754" 

.65 

.78 

9195 

78.02 

- 

- 

- 

- 

- 

0.0 

OElec. 

85 

ASCE 

2042 

15.29 

- 

1 

- 

- 

1 

6.5 

CAS 

85 

ASCE 

16986 

127.17 

12 

- 

- 

4 

16 

12.6 

EPASW 

85 

ASCE 

4717 

35.32 

- 

- 

- 

- 

- 

0.0 

CAS 

85 

DiP.C 

.58 

.68 

10000 

74.87 

2 

- 

- 

6 

8.0 

DARC 

90 

ARA-A 

5669 

40.08 

13 

1 

- 

15 

37.4 

SP 

90 

ARA-A 

.58 

.68 

35000 

247.45 

114 

5 

- 

127 

51.3 

CEAQ 

90 

AfU-A 

.63 

.76 

4611 

32.60 

23 

2 

1 

27 

82.8 

OSL 

90 

ARA-A 

.59 

.72 

16206 

114.59 

48 

- 

- 

16 

64 

55.9 

HP-Ik" 

90 

ARA-B 

.58 

.68 

4337 

30.67 

48 

- 

1 

50 

163.0 

NP 

90 

GN 

.60 

.70 

30038 

212.40 

541 

37 

31 

149 

758 

356.9 

CM 

90 

S? 

.63 

.76 

50404 

356.39 

291 

u 

3 

22 

326 

91.5 

ATA3T 

100 

ARA-B 

.60 

.70 

3103 

19.75 

3 

- 

- 

- 

3 

15.2 

NP 

Totals 

209097 

1527.05 

1095 

54 

36 

208 

1395 

91.3 

1913 

75 

CS-R 

.63 

.76 

5769 

48.95 

- 

- 

- 

- 

- 

0.0 

OSL 

75 

CS-R 

.55 

.68 

5346 

45.36 

2 

- 

- 

- 

2 

4.4 

UP 

95 

ASCE 

1945 

14.56 

0.0 

EPASW 

85 

DARG 

.58 

.68 

10000 

74.87 

7 

: 

1 

- 

9 

12.1 

DARC 

90 

ARA-A 

.58 

.68 

30000 

212.10 

28 

: 

- 

1 

32 

15.1 

CBAQ 

90 

ARA-A 

.63 

.76 

4900 

34.57 

- 

- 

- 

34 

34 

98.6 

UASI. 

90 

ARA-A 

.62 

.75 

9968 

70.48 

7 

- 

- 

- 

7 

9.9 

up-™ 

90 

ARA-A 

7065 

49.95 

6 

- 

- 

1 

7 

14.0 

SP 

90 

ARA-E 

.58 

.6e 

14655 

103.62 

70 

- 

2 

5 

77 

74.3 

KP 

90 

DARC 

.58 

.68 

4400 

31.11 

2 

- 

- 

- 

2 

6.4 

DAPC 

90 

sr 

.63 

.76 

52415 

370.61 

39 

- 

- 

15 

104 

28.1 

AT4S» 

Total* 

146463 

1056.18 

211 

4 

3 

56 

274 

26.0 
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Table  7, 

Sheet   11 

Total     Rail     failure*     From 

Date     Rolled 

to 

October 

31at, 

1916. 

Tear 
Rol- 
led 

Lbs 
Per 
Yd. 

See. 

Specified 

Carbon 

Total 

Tona 

Laid 

Equiv. 
Track 

Miles 

failures 

to  Date 

R.      R. 

Head 

Web 

Base 

Brkn 

Total 

Per  100 
Trie  ills 

Uin.ittax. 

Open  Hearth  -  Colo 

rado  Tue: 

4  Iron  Company  -  Continued 

1914 

75 

CS-R 

.55 

.68 

5559 

47.17 

- 

- 

- 

- 

- 

0.0 

OP 

85 

DftRG 

.58 

.68 

2990 

22.38 

-1 

- 

- 

1 

2 

8.9 

0  Ry 

90 

ARA-A 

.63 

.76 

3500 

24.74 

- 

- 

- 

- 

- 

0.0 

LA4SL 

90 

ARA-A 

6723 

47.53 

5 

- 

- 

- 

5 

10.5 

SP 

90 

ARA-A 

.62 

.75 

3536 

25.00 

- 

- 

- 

1 

1 

4.0 

MP-IU 

90 

ARA-A 

.62 

.75 

20000 

141.40 

17 

2 

- 

- 

19 

13.4 

CB4Q 

90 

ARA-B 

.58 

.68 

1010 

7.14 

9 

- 

- 

- 

9 

126.1 

HP 

90 

D4R0 

.58 

.68 

9000 

63.64 

5 

- 

- 

- 

5 

7.8 

D4RG 

90 

SF 

.63 

.76 

58535 

413.88 

17 

1 

- 

1 

19 

4.6 

AT4SF 

Totale 

110853 

792.88 

54 

3 

- 

3 

60 

7.6 

1915 

65 

asce 

2156 

16.14 

- 

- 

- 

- 

- 

0.0 

CAS 

90 

ARA-A 

10826 

76.55 

- 

- 

- 

- 

- 

0.0 

EP4SW 

90 

ARA-A 

.63 

.76 

19795 

139.96 

17 

- 

2 

- 

19 

13.6 

OSL 

90 

ARA-A 

3133 

22.15 

- 

- 

- 

- 

- 

0.0 

EPASTf 

90 

ARA-A 

.63 

.76 

14237 

100.67 

3 

1 

- 

- 

4 

4.0 

UP 

90 

ARA-A 

.62 

.75 

15000 

106.05 

- 

- 

- 

- 

- 

0.0 

CB4Q 

90 

ARA-A 

.63 

.76 

8460 

59.82 

4 

- 

- 

- 

4 

6.7 

OSL 

90 

ARA-A 

.63 

.76 

12500 

88.33 

- 

- 

- 

18 

18 

20.0 

LA4SL 

90 

ARA-A 

.62 

.75 

8325 

58.86 

- 

- 

- 

- 

- 

0.0 

KP-IM 

90 

ARA-B 

.53 

.68 

3933 

27.81 

1 

- 

- 

• 

1 

3.6 

NP 

90 

DftRG 

.62 

.75 

10000 

70.71 

1 

- 

- 

- 

1 

1.4 

D4R0 

90 

sr 

.63 

.76 

67812 

479.47 

10 

- 

- 

- 

10 

2.1 

AT4SF 

Total* 

176177 

1246.57 

36 

1 

2 

18 

57 

4.6 

1916 

75 

CS-R 

.55 

.63 

4165 

35.34 

- 

- 

- 

- 

- 

0.0 

StJAGI 

85 

MP 

.62 

.75 

6959 

52.10 

1 

- 

- 

- 

1 

1.9 

MP-IH 

90 

ARA-A 

.63 

.76 

9480 

67.03 

- 

- 

- 

- 

- 

0.0 

OSL 

90 

ARA-A 

.63 

.76 

2200 

15.55 

- 

- 

- 

- 

- 

0.0 

LAAStL 

90 

ARA-A 

.62 

.75 

22970 

162.41 

6 

- 

- 

- 

6 

3.7 

MP-IM 

90 

ARA-A 

.63 

.76 

8041 

56.86 

- 

- 

- 

- 

- 

0.0 

OP 

90 

ARA-A 

.62 

.75 

15000 

106.05 

- 

- 

- 

- 

- 

0.0 

CB4Q 

90 

ARA-A 

.63 

.76 

5923 

41.92 

- 

- 

- 

- 

- 

0.0 

LA4SL 

90 

ARA-B 

.58 

.68 

1813 

12.82 

- 

- 

- 

- 

- 

0.0 

NP 

90 

sr 

.63 

.76 

3n<?39 

218.05 

1 

- 

- 

- 

1 

0.5 

ATiSr 

Total a 

107395 

768.13 

8 

- 

- 

- 

8 

1.0 

Open  Hearth  -  Domi 

nion   Iror 

and 

St.. 

>1  Company 

1911 

80 

ASCE 

.55 

.65 

3570 

28.40 

357 

9 

^ 

61 

427 

1503.5 

or 

100 

ASCE 

.56 

.68 

29718 

189.12 

353 

42 

16 

46 

457 

241.6 

OT 

Total ■ 

33288 

zn.ryi 

710 

51 

16 

107 

-84 

4nt.4_ 

1912 

80 

ASCE 

.55 

.65 

10606 

84.37 

39 

1 

4 

21 

66 

78.2 

OT 

100 

ASCE 

.56 

.63 

15602 

99. 3S 

72 

4 

3 

17 

96 

96.6 

GT 

Total* 

26208 

183.72 

111 

6 

7 

38 

162 

88.2 

4  GO 
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Table  7. 

Sheet  12 

Total     Bail     Failures 

From 

Date     Rolled      to     October 

31st, 

1916. 

Year 

Rol- 
lad 

Lbs 
Per 
Yd. 

Sec. 

Specified 

Carbon 

Total 

Tone 

Laid 

Equiv. 
Track 
Idles 

Failures 

to  Date 

R.      R. 

Head 

Web  JBaae 

Prkn 

Total 

Per  100 
Trk  in* 

IUr.| 

tax. 

Open 

Hearth 

-   llli 

role  Steel  Company 

1911 

75 

r.S 

.63 

.76 

12956 

109.93 

1 

- 

- 

10 

11 

10.1 

OSL 

80 

ARA-A 

.59 

.72 

1400 

11.14 

15 

- 

2 

6 

23 

206.5 

VStPASsH 

80 

ASCE 

2701 

21.49 

3 

- 

1 

30 

34 

158.2 

D4IR 

80 

ASCE 

.52 

.65 

3803 

30.25 

21 

- 

- 

1 

22 

72.7 

laCent 

85 

ASCE 

.58 

.71 

1552 

11.62 

6 

- 

- 

4 

10 

86.1 

IHB 

85 

ASCI 

2625 

19.65 

5 

1 

22 

97 

125 

636.1 

NYC&StL 

85 

ASCI 

.59 

.72 

1961 

14.68 

- 

- 

1 

6 

7 

47.6 

C4EI 

35 

ASCE 

.58 

.71 

3368 

25.21 

- 

- 

- 

11 

11 

43.6 

NYC-W 

85 

ASCE 

.62 

.75 

19187 

143.65 

16 

2 

36 

70 

126 

92.9 

CRIAP 

85 

PS 

.62 

.75 

1523 

11.40 

16 

- 

4 

8 

28 

245.6 

Vandalla 

90 

ARA-A 

.65 

.eo 

2420 

17.11 

0.0 

CHAD 

90 

ARA-A 

.65 

.eo 

3128 

22.12 

1 

- 

9 

33 

43 

«4.4 

B40 

90 

A  PA -A 

.62 

.75 

10000 

70.70 

122 

15 

45 

63 

245 

346.5 

CB4Q 

90 

A  PA -A 

.59 

.72 

7013 

49.59 

4 

3 

4 

12 

23 

46.4 

cmstP 

90 

ARA-A 

.63 

.76 

8808 

62.28 

115 

22 

24 

166 

269.7 

IC 

90 

ARA-B 

.62 

.75 

15420 

109.03 

163 

52 

66 

284 

260.5 

NP 

90 

ARA-B 

.59 

.72 

6000 

42.42 

- 

- 

- 

2 

4.7 

C40 

90 

ASCE 

.60 

.73 

3149 

22.27 

4 

3 

9 

18 

80.6 

T40C 

90 

ASCE 

.60 

.73 

12000 

84. e4 

25 

21 

15 

74 

135 

159.1 

CCCaStL 

90 

GN 

.62 

.75 

25880 

183.03 

156 

137 

477 

779 

425.6 

ON 

90 

SF 

.59 

.72 

9501 

67.18 

16 

2 

1 

26 

38.7 

ATiSF 

100 

ARA-A 

3925 

24. 9e 

44 

10 

26 

82 

326.2 

C4A 

100 

ARA-A 

.62 

.75 

2991 

19.03 

- 

- 

1 

1 

5.3 

CH£8tP 

100 

ARA-B 

.62 

.75 

5000 

31.62 

12 

1 

24 

37 

116.2 

CM 

100 
100 

ASCE 
ASCE 

.62 
.62 

.75 
.75 

13159 
4998 

83.74 

si. eo 

16 

4 

13 

37 
42 

59 

70.4 

ICC 

18 

11 

64 

264.1 

NYC-W 

ICO 

PS 

.62 

.75 

6069 

38.63 

22 

1 

16 

45 

116.4 

PL-NW 

Toti 

Ua 

190537 

1359.59 

801 

101 

376 

1150 

2428 

178.6 

1912 

72 

NP 

.52 

.65 

3110 

27.49 

0.0 

NP 

80 

ASCE 

.52 

.65 

1501 

11.90 

1 

- 

- 

1 

8.4 

JMStL 

60 

ASCE 

.55 

.68 

3919 

31.17 

4 

1 

e 

13 

41.7 

TAOC 

80 

ASCI 

.55 

.68 

7252 

S6.ee 

2 

9 

7 

19 

33.4 

NYC-W 

80 

ASCE 

.65 

.80 

1432 

11.39 

5 

- 

- 

5 

43.9 

BftOCT 

65 

ARA-A 

.59 

.72 

19815 

ue. 35 

23 

25 

19 

68 

45.8 

US-.  Pa 

Ssk 

85 

ASCE 

.58 

.71 

3392 

25.39 

0.0 

NYC-W 

65 

ASCE 

.56 

.71 

1674 

12.53 

3 

- 

1 

4 

31.9 

I4HB 

65 
65 

PS 

PS 

.59 
.62 

.72 
.75 

4141 

10165 

31.00 
76.10 

6 
34 

1 

21 

6 
58 

19.4 

U&StL 

76.2 

PL-SW 

90 

ARA-A 

.62 

.75 

15000 

106.05 

70 

8 

16 

98 

92.5 

CB4Q 

90 

ARA-A 

.59 

.72 

25122 

177.63 

6 

- 

15 

21 

11.8 

CMAStP 

90 

ARA-A 

.64 

584  5 

41.33 

1 

- 

- 

2 

4.8 

C4EI 

90 

ARA-A 

.63 

.76 

10348 

73.16 

- 

- 

2 

2 

2.7 

CRI4P 

90 

APA-A 

3980 

28.17 

1 

- 

- 

1 

3.6 

SP 

90 

ARA-A 

.59 

.72 

8975 

63.46 

6 

- 

1 

8 

12.6 

IIP- III 

90 

ARA-A 

.65 

.eo 

2138 

15.08 

19 

3 

- 

7 

29 

192.3 

no 

90 

ARA-A 

.63 

.76 

4667 

33.00 

19 

6 

6 

7 

38 

115.2 

IC 

90 

ARA-A 

2424 

17.13 

38 

2 

- 

11 

51 

297.8 

C4A 

90 

ARA-A 

.63 

.76 

3796 

26.84 

6 

- 

1 

9 

18 

67.1 

UP 

90 

ARA-A 

.65 

.80 

1080 

7.64 

0.0 

CH4D 

90 

ARA-B 

.62 

.75 

9078 

64.19 

143 

2 

33 

31 

209 

325.6 

NP 

90 
90 

ARA-B 
ARA-B 

.63 

.66 
.76 

4000 
6000 

26.28 
42.42 

6 
37 

2 

" 

1 
5 

7 
44 

24.7 
103.7 

C4r. 

cm 

90 

ARA-B 

.59 

.72 

31250 

22.0.96 

13 

1 

ie 

36 

16.3 

Iris 

90 

ARA-B 

.45 

.49 

1032 

7.30 

- 

- 

4 

4 

54.8 

CiNW 

90 

ASCE 

.60 

.73 

4149 

29.34 

9 

- 

3 

12 

40.9 

TAOC 

90 

ASCE 

1850 

13.06 

16 

- 

2 

21 

160.1 

D4IR 

90 
90 

ASCE 
ASCF 

.60 
.43 

.73 
.53 

10500 
1129 

74.24 
7.98 

24 
2 

2 

7 
7 

35 
10 

47.1 

CCCAStl 

125.3 

LE4W 

90 

SF 

.63 

.76 

1681 

11. e9 

6 

- 

- 

6 

50.5 

AT4ST 

100 

ARA-A 

.62 

.75 

4  648 

29.56 

1 

1 

1 

4 

13.5 

CMiSt 

P 

100 

ARA-A 

.64 

.77 

5000 

31. eo 

6 

1 

5 

16 

50.3 

CBAQ 

100 

ARA-A 

.70 

.80 

7559 

48.10 

14 

4 

12 

31 

64.4 

MO 

100 

ARA-A 

.68 

3012 

19.17 

3 

- 

4 

9 

47.0 

C4FI 

100 

ARA-A 

.63 

.76 

13494 

85. e7 

46 

- 

4 

52 

60.6 

CRI4P 

100 

ARAB 

.67 

6000 

3e.ie 

ie 

- 

32 

51 

133.5 

C&O 

100 

ASCE 

.62 

.75 

3673 

23.37 

13 

33 

2 

5 

53 

2?«.7 

MC 

100 

ASCE 

.62 

.75 

10995 

69.96 

20 

13 

10 

25 

66 

97.2 

NYC-W 

100 

C4NW 

.62 

.75 

22895 

145.70 

72 

- 

1 

31 

104 

71.0 

C&NW 

100 

PS 

.62 

.75 

5934 

37.ee 

36 

- 

2 

4 

42 

110.9 

▼ardalia 

100 

PS 

.62 

.75 

10780 

68.60 

59 

3 

2 

14 

78 

113.7 

PL-NW 

100 

PS 

.62 

.75 

3325 

21.16 

23 

- 

1 

24 

46 

226.6 

PL-SW 

Tot 

els 

3076eO 

2140.74 

=  17 

91 

111 

363 

1362 

64.6 
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461 


Table  7.   Sheet  13 


Total     Rail     Failures     From 

Date     R 

oiled 

to 

Octo 

ber 

31st, 

1916 

Tear 

Rol- 
led 

Lbs 
Per 
Yd. 

Sec. 

Specified 
Carbon 

Total 

Tons 

Laid 

Equiv. 
Track 
Miles 

Fall 

ures 

to  Da 

te 

R.      R. 

Head 

Web 

Base 

Brkn 

Total 

Per   100 
Trk   Vis 

Kin.|  iiax. 

Open   Heart 

h  -   Illi 

nois   Steel   Company 

-  Continued 

1913 

75 

ASCE 

.53 

.66 

6382 

54.15 

3 

- 

- 

- 

3 

5.5 

AT4SF 

80 

ASCE 

.55 

.66 

2850 

22.67 

3 

- 

2 

1 

6 

26.4 

NYC-W 

60 

ASCE 

1657 

13.18 

- 

- 

- 

- 

- 

0.0 

D4TR 

BO 

ASCE 

.55 

.68 

2577 

20.50 

3 

3 

2 

5 

13 

63.4 

TiOC 

80 

ASCE 

.53 

.66 

1638 

13.03 

2 

4 

- 

1 

7 

53.7 

P#nrT 

65 

ARA-A 

.59 

.72 

19793 

148.18 

14 

3 

8 

17 

42 

28.3 

HStPiSsU 

85 

ASCE 

.43 

.53 

1741 

13.03 

1 

- 

- 

- 

1 

7.7 

Southern 

65 

ASCE 

.58 

.71 

1350 

10.11 

4 

- 

- 

4 

8 

79.1 

IHB 

85 

ASCE 

.58 

.71 

8141 

60.94 

1 

1 

- 

7 

9 

14.6 

NYC-W 

85 

PS 

.59 

.72 

8425 

63.08 

- 

- 

- 

- 

- 

0.0 

M4StL 

65 

PS 

.62 

.75 

1202 

9.00 

- 

- 

- 

7 

7 

77. e 

GR4I 

90 

ARA-* 

37340 

264.02 

32 

5 

2 

59 

98 

37.1 

SP 

90 

ARA-A 

.62 

.75 

25000 

176.75 

47 

4 

14 

33 

96 

55.4 

CB4Q 

90 

ARA-A 

.63 

.76 

11882 

84.01 

69 

4 

11 

17 

101 

120.2 

IC 

90 

ARA-A 

.63 

.76 

87e4 

62.11 

56 

1 

*- 

11 

70 

112.7 

OP 

90 

ARA-A 

.63 

.76 

13079 

92.47 

4 

- 

- 

1 

5 

5.4 

CRI4P 

90 

ARA-A 

.59 

.72 

13127 

92.62 

13 

- 

3 

25 

41 

44.2 

CliiStP 

90 

ARA-A 

.59 

.72 

11426 
7755 

80.78 
54. e3 

15 

20 

6 

1 

1 
1 

3 
1 

25 
23 

31.0 
41.9 

CM 

C4EI 

90 

ARA-A 

90 

ARA-B 

.63 

.76 

4000 

28.26 

12 

- 

- 

1 

13 

46.0 

CI1L 

90 

ARA-B 

.66 

2000 

14.14 

- 

- 

- 

- 

- 

0.0 

C40 

90 

ARA-B 

.62 

.75 

23475 

165.98 

79 

2 

24 

56 

161 

97.0 

NP 

90 

ASCE 

244  6 

17.29 

11 

- 

- 

3 

14 

81.0 

D4IR 

90 

ASCE 

.60 

.73 

5503 

38.91 

1 

1 

- 

- 

2 

5.1 

T40C 

90 

ASCE 

.60 

.73 

12600 

89.09 

26 

7 

4 

4 

41 

46.0 

CCC4StL 

90 

ON 

.59 

.72 

14590 

103.18 

11 

1 

27 

13 

52 

50.4 

CN 

90 

Sf 

.63 

.76 

13480 

95.31 

21 

1 

1 

3 

26 

27.3 

AT4SF 

100 

ARA-A 

.62 

.75 

1939 

12.34 

4 

1 

- 

1 

6 

46.6 

C4EI 

100 

ARA-A 

.63 

.76 

13335 

84.86 

19 

- 

1 

1 

21 

24.7 

CRI4F 

100 

ARA-A 

.63 

.76 

4  500 

28.64 

2 

1 

1 

- 

4 

13.9 

Iria 

100 

ARA-A 

.64 

.77 

5000 

3i.  eo 

1 

- 

4 

- 

5 

15.7 

CBK) 

100 

ARA-A 

.62 

.75 

10072 

64.10 

- 

- 

4 

4 

6 

12.4 

CB4StP 

♦  100 

ARA-A 

.62 

.75 

1502 

9.56 

- 

- 

1 

- 

1 

10.5 

CM4StP 

100 

ARA-A 

.63 

.76 

9166 

58.23 

6 

- 

4 

7 

17 

29.2 

B40 

100 

ARA-B 

.69 

4300 

27.36 

11 

2 

- 

3 

16 

56.4 

C40 

100 

ASCE 

.62 

.75 

15567 

99.06 

26 

47 

3 

30 

106 

107.0 

UC 

100 

ASCE 

.62 

.75 

15286 

97.28 

5 

1 

6 

15 

27 

27.7 

NYC-C 

♦•100 

ASCE 

.62 

.75 

2000 

12.72 

1 

- 

- 

- 

1 

7.e 

NYC-C 

100 

C4NW 

.62 

.75 

44124 

280.80 

28 

2 

1 

21 

52 

16.5 

C4N* 

100 

PS 

.62 

.75 

2322 

14.78 

7 

- 

1 

8 

16 

106.3 

PL-SB 

ICO 

PS 

.62 

.75 

13246 

64.26 

29 

2 

- 

6 

37 

42.6 

PL- KB 

100 

P8 

.62 

.75 

9487 

60.37 

71 

- 

- 

2 

73 

120.9 

Vandal Ja 

Totals 

414091 

28!v4.12 

660 

100 

126 

370 

1256 

44.0 

♦   Forro   Titaniua  Alloy   Used 
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Table  7. 

sheet   .« 

Total     Rail     Failure*     From     Date     R 

oiled 

to 

October 

31st, 

1916. 

Year 

Pol- 
led 

Lbs  1 

Per     See. 

Yd. 

Specified 

Carbon 

Total 

Tone 

Laid 

Equiv. 
Track 
Kilns 

Tail 

ures 

to  Date 

R.      R. 

Head  Web  Baee 

Brkn 

Total 

Per  ICO 
Trk  Ids 

Kin.|Uax. 

Open  Hearth  -  Illinois  6teel  Coopanj 

-  Continu 

ed 

1914 

75 

CS-R 

.55 

.68 

3397 

28.62 

0.0 

UP 

80 

A  SCR 

.55 

.68 

2052 

16.22 

- 

- 

9 

4 

13 

79.6 

KTC-» 

80 

ASCE 

.55 

.68 

1578 

12.55 

1 

- 

- 

4 

5 

39.6 

TAOC 

eo 

ASCE 

.55 

.68 

1573 

12.51 

0.0 

■ 

85 

AM -A 

.59 

.72 

12930 

96. eo 

1 

- 

3 

34 

36 

39.2 

KStPiSsK 

85 

ASCE 

.59 

.76 

6000 

44.92 

3 

4 

10 

20 

37 

62.4 

COW 

85 

ASCE 

.58 

.71 

1770 

13.25 

0.0 

NYC-1 

85 

PS 

.59 

-72 

1578 

11.80 

1 

- 

1 

- 

2 

17.0 

UAStL 

90 

ARA-A 

.63 

.76 

28519 

201.65 

32 

- 

13 

9 

54 

26.7 

IC 

90 

ARA-A 

.59 

.72 

9667 

68.35 

1 

- 

3 

7 

11 

16.2 

CMAStP 

90 

ARA-A 

6972 

49.29 

12 

- 

2 

1 

15 

30.5 

CM 

90 

ARA-A 

.62 

.75 

17500 

123.73 

0.0 

CBAQ 

90 

ARA-B 

.60 

.73 

4000 

28.28 

11 

- 

- 

1 

12 

42.4 

010 

90 

ARA-B 

.62 

.75 

13906 

98.32 

30 

1 

3 

27 

61 

62.0 

HP 

90 

ARA-B 

.45 

.49 

1004 

7.10 

1 

1 

- 

22 

24 

338.0 

CANW 

90 

ASCE 

.60 

.73 

7E75 

55.68 

6 

- 

- 

2 

e 

14.3 

CCCAStL 

90 

ASCE 

1500 

10.61 

1 

- 

- 

- 

l 

9.4 

MIR 

90 

A  SCX 

.60 

.73 

1050 

7.42 

0.0 

TAOC 

90 

GN 

.59 

.72 

9010 

63.72 

60 

2 

- 

31 

93 

146.9 

ON 

100 

ARA-A 

.62 

.75 

3428 

21.81 

1 

- 

1 

2 

4 

18.3 

CVAStP 

100 

ARA-A 

.62 

.75 

5972 

38.00 

0.0 

Erie 

100 

ARA-A 

.64 

.77 

7500 

47.70 

0.0 

CB*Q 

100 

ARA-A 

.63 

.76 

10087 

64.19 

5 

- 

1 

2 

8 

12.4 

CRT4P 

IOC 

ARA-A 

.63 

.76 

3150 

20.04 

- 

- 

- 

- 

- 

0.0 

CIAL 

100 

ARA-A 

.63 

.76 

4734 

30.13 

1 

- 

1 

- 

2 

6.6 

BAO 

IOC 

ARA-B 

.62 

.75 

3100 

19.73 

27 

- 

- 

10 

37 

187.5 

CM 

100 

ASCE 

.62 

.75 

10340 

65.  eo 

2 

3 

2 

- 

7 

10.6 

NYC-W 

100 

ASCE 

.62 

.75 

3680 

23.41 

2 

- 

2 

- 

4 

17.0 

DC 

100 

CANW 

.62 

.75 

18416 

117.20 

5 

- 

- 

- 

5 

4.2 

CANW 

100 

PS 

.62 

.75 

4602 

30.12 

4 

- 

- 

6 

10 

33.2 

PL-SW 

100 

PS 

.62 

.75 

13126 

83.53 

3 

- 

- 

- 

3 

3.3 

PL-NW 

IOC 

PS 

.62 

.75 

5808 

36.96 

10 

1 

- 

- 

11 

29.7 

Vandal la 

Totals 

226024 

1549.74 

220 

12 

51 

182 

465 

30.0 

1915 

80 

ASCE 

.55 

.68 

1622 

12.90 

0.0 

LEAW 

80 

ASCE 

.53 

.66 

1962 

15.60 

- 

- 

- 

2 

2 

12.6 

BAOCT 

80 

ASCE 

.55 

.68 

2500 

19.ee 

- 

- 

3 

3 

6 

30.2 

NYC-1 

80 

ASCE 

.55 

.68 

2943 

23.41 

- 

- 

2 

3 

5 

21.3 

MC 

80 

ASCE 

.55 

.68 

2632 

20.91 

0.0 

CN 

85 

ARA-A 

.59 

.72 

3629 

27.17 

- 

- 

- 

2 

2 

7.3 

KStPASsM 

85 

ASCE 

.58 

.71 

1299 

9.73 

- 

- 

- 

1 

1 

10.3 

IHB 

65 

ASCE 

.59 

.76 

6000 

44.92 

2 

1 

2 

7 

12 

26.7 

CG* 

65 

ASCE 

.58 

.71 

1500 

11.23 

0.0 

NYC-W 

65 

PS 

.59 

.72 

4346 

32.53 

0.0 

HAStl 

90 

ARA-A 

.59 

.72 

14380 

101.66 

6 

- 

7 

61 

74 

73.9 

ciutstr 

90 

ARA-A 

.63 

.76 

1379 

9.75 

0.0 

CT 

90 

ARA-A 

.62 

.75 

6000 

42.42 

0.0 

CBAQ 

90 

ARA-A 

.62 

.75 

2102 

14.66 

— 

- 

1 

4 

5 

33.6 

BAO 

90 

ARA-A 

.59 

.72 

10004 

70.73 

0.0 

CAFI 

90 

ARA-A 

.63 

.76 

8962 

63.37 

2 

- 

- 

1 

3 

4.7 

UP 

90 

ARA-A 

.63 

.76 

7672 

54.25 

4 

1 

3 

3 

11 

20.3 

IC 

90 

ARA-A 

11032 

78.00 

2 

- 

- 

- 

2 

2.6 

CAA 

90 

ARA-B 

.59 

.70 

4000 

28.28 

0.0 

CAO 

90 

ARA-B 

.45 

.49 

7200 

50.91 

- 

- 

- 

5 

5 

9.6 

CANW 

90 

ARA-B 

.62 

.75 

447e° 

31.66 

11 

- 

- 

- 

11 

34.7 

NP 

90 

ARA-B 

.57 

.70 

5158 

36.47 

12 

- 

- 

1 

13 

35.6 

NP 

90 

ARA-B 

.63 

.76 

4400 

31.11 

0.0 

CIAL 

90 

ASCE 

.60 

.73 

17000 

120.20 

3 

1 

- 

- 

4 

3.3 

CCCAStL 

90 

GH 

.59 

.72 

3204 

22.66 

1 

- 

- 

3 

4 

17.7 

ON 

90 

sr 

.63 

.76 

12730 

90.01 

0.0 

ATASF 

100 

ARA-A 

.64 

.77 

9000 

57.24 

0.0 

CBAQ 

100 

ARA-A 

.62 

.75 

5309 

33.79 

- 

- 

1 

2 

3 

6.9 

BAO 

100 

ARA-A 

.62 

.75 

26307 

167.41 

5 

- 

1 

1 

7 

4.2 

CRIAP 

100 

ARA-A 

.62 

.75 

5975 

38.02 

- 

- 

1 

1 

2 

5.2 

Erie 

100 

ARA-A 

.63 

.76 

4  608 

29.33 

0.0 

CT 

100 

ARA-B 

.59 

.75 

11500 

73.18 

15 

. 

- 

2 

17 

23.2 

CAO 

100 

ASCE 

.62 

.75 

8613 

54. ei 

0.0 

K 

100 

ASCE 

.62 

.75 

21000 

133.64 

1 

1 

. 

- 

2 

1.5 

NYC-f 

100 

CANW 

.62 

.75 

20000 

127.27 

- 

1 

- 

6 

9 

7.0 

CANW 

100 

PS 

.60 

.75 

22800 

145.09 

1 

- 

- 

2 

3 

2.1 

PL-8W 

100 

PS 

.62 

.75 

5197 

33.07 

1 

- 

. 

1 

3.0 

Vandal]  > 

100 

PS 

.60 

.75 

12539 

79.78 

15 

- 

- 

- 

IS 

18.6 

PL-MI 

To  tale 

100981 

2037.27 

61 

5 

21 

112 

219 

10.7 

RAIL  FAILURE  STATISTICS   FOR  1916. 
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Table  7, 

Sheet  15 

Total     Rail     Failures     From 

Date      Rolled 

to 

October 

31et, 

1916. 

Tear 
Rol- 
led 

Lbs 
Per 
Yd. 

See. 

Specified 

Carbon 

Total 

Tone 

Laid 

Equiv. 
Track 
Riles 

Fail 

ures 

to  Date 

R.     R. 

Head 

Web 

Base 

Brkn 

Total 

Per  100 
Trk  His 

Jlin.|Uax. 

Open  Heart 

h  -  Illinois  8te 

el  Company 

-  Continued 

1916 

80 

ASCE 

.C3 

.66 

2061 

16.40 

- 

- 

- 

- 

- 

0.0 

B40CT 

80 

ASCE 

.55 

.68 

1300 

10.34 

- 

- 

- 

- 

- 

0.0 

NTC-W 

80 

ASCE 

.55 

.68 

2239 

17.81 

- 

- 

- 

- 

- 

0.0 

LE4W 

85 

ARA-A 

.59 

.72 

6227 

46.61 

- 

- 

- 

- 

- 

0.0 

MStPiSsl! 

85 

PS 

.59 

.72 

2496 

18.70 

- 

- 

- 

- 

- 

0.0 

M4StL 

90 

ARA-A 

.59 

.72 

8727 

61.70 

- 

- 

- 

- 

- 

0.0 

CMiStP 

90 

ARA-A 

.59 

.72 

1785 

12.62 

- 

- 

- 

- 

- 

0.0 

VAStL 

90 

ARA-A 

.63 

.76 

16057 

113.54 

- 

- 

- 

- 

- 

0.0 

OP 

90 

ARA-A 

.63 

.76 

11068 

78.26 

6 

1 

- 

1 

8 

10.2 

IC 

90 

ARA-A 

.62 

.75 

10000 

70.70 

- 

- 

- 

- 

- 

0.0 

CB4Q 

90 

ARA-A 

.59 

.72 

10000 

70.70 

1 

- 

- 

- 

1 

1.4 

CAEI 

90 

ARA-A 

12729 

90.00 

- 

- 

- 

- 

- 

0.0 

C4A 

90 

ARA-A 

.62 

.75 

7253 

51.28 

- 

- 

- 

- 

- 

0.0 

CRI4P 

90 

ARA-B 

.63 

.76 

6225 

44.01 

- 

- 

- 

- 

- 

0.0 

CI4L 

90 

ARA-B 

.62 

.75 

7406 

52.37 

1 

- 

- 

- 

1 

1.9 

HP 

90 

ARA-B 

.62 

.75 

3000 

21.21 

- 

- 

- 

- 

- 

0.0 

C40 

90 

ASCE 

.60 

.73 

20000 

141.41 

1 

- 

- 

- 

1 

0.7 

CCC4StL 

90 

GN 

.59 

.72 

14827 

104.13 

2 

- 

- 

- 

2 

1.9 

GN 

90 

sf 

.62 

.75 

11180 

79.04 

1 

- 

- 

- 

1 

1.3 

AT4SF 

100 

ARA-A 

.62 

.75 

25085 

159.63 

- 

- 

- 

- 

- 

0.0 

CRI4P 

100 

ARA-A 

.59 

.72 

4727 

30.08 

- 

- 

- 

- 

- 

0.0 

CM4StP 

100 

ARA-A 

.64 

.77 

5000 

31.80 

- 

- 

- 

- 

- 

0.0 

CB4Q 

100 

ARA-B 

.62 

.75 

11000 

70.00 

- 

- 

- 

- 

- 

0.0 

C40 

100 

ASCE 

.62 

.75 

6283 

39.93 

- 

- 

- 

- 

- 

0.0 

KC 

100 

ASCE 

.62 

.75 

1600 

10.18 

- 

- 

- 

- 

- 

0.0 

NYC-B 

100 

PS 

.60 

.75 

8321 

52.95 

- 

- 

- 

- 

- 

0.0 

PL-NT 

100 

PS 

.60 

.75 

23273 

148.09 

- 

- 

- 

1 

1 

0.7 

PL-SW 

100 

PS 

.60 

.75 

5911 

37.11 

- 

- 

- 

- 

- 

0.0 

Vandal ia 

105 

Dudley 

.62 

.75 

16407 

99.44 

- 

- 

■  - 

- 

- 

0.0 

NTC-B 

105 

Dudley 

.62 

.75 

8914 

54.02 

- 

- 

- 

- 

- 

0.0 

MC 

Totals 

271101 

1834.11 

12 

1 

- 

2 

15 

o.e 

Open  Heart 

h  -  Lac) 

avanna  8 

teel  C 

ompa 

.ny 

1911 

80 

Dudley 

.55 

.68 

""17834* 

141.67 

8~ 

1 

9 

60 

78 

55.0 

NYC-E 

85 

PS 

.62 

.75 

1600 

11.98 

2 

- 

- 

1 

3 

25.0 

PRR 

91 

BUI 

.67 

.80 

12485 

87.31 

48 

12 

10 

152 

222 

254.3 

DUI 

100 

ARA-A 

.63 

.76 

1072 

6.82 

70 

3 

3 

8 

84 

1231.7 

LV 

100 

Dudley 

.60 

.72 

12549 

79.86 

14 

3 

5 

57 

79 

98.9 

NYC-E 

100 

Dudley 

.62 

.75 

7013 

44.63 

17 

3 

1 

14 

35 

73.4 

BAA 

100 

PS 

.62 

.75 

2142 

13.63 

32 

12 

- 

39 

83 

609.0 

PRR 

101 

DL4W 

.70 

.63 

3369 

21.23 

52 

4 

1 

21 

78 

367.4 

DUS 

Totals 

58064 

407.33 

243 

38 

29 

352 

662 

162.5 

1912 

72 

NP 

.52 

.65 

3404 

30.09 

- 

^~ 

~~" 

~~" 

- 

0.0 

NP 

80 

Dudley 

.55 

.68 

20000 

159 .  10 

60 

5 

4 

37 

106 

66.6 

NTC-B 

85 

ASCE 

.65 

.78 

4400 

32.94 

1 

1 

- 

4 

6 

18.2 

IV 

85 

Dudley 

.59 

.72 

6006 

44.96 

*     - 

- 

- 

- 

- 

0.0 

SAL 

90 

ARA-B 

.59 

.72 

9886 

69.90 

7 

12 

2 

5 

26 

37.2 

Brie 

90 

ASCE 

.62 

.75 

2504 

17.64 

20 

2 

- 

22 

44 

249.4 

P4R 

90 

Dudley 

.60 

.73 

2500 

17.63 

- 

- 

- 

- 

- 

0.0 

Rutland 

90 

CN 

.62 

.75 

38130 

269.62 

22 

- 

11 

9 

42 

15.6 

CN 

100 

ARA-A 

.63 

.76 

5765 

36.81 

292 

9 

2 

10 

313 

850.3 

LV 

100 

Dudley 

.60 

.72 

35545 

226.20 

6 

- 

3 

15 

24 

10.6 

NTC-B 

100 

Dudley 

.62 

.75 

12965 

82.51 

16 

2 

1 

3 

22 

26.7 

Mi 

100 

PS 

.62 

.75 

3872 

24.64 

28 

13 

- 

66 

107 

434.3 

PUR 

101 

Dl.ll 

.70 

.83 

14230 
159227 

•89.66 

25 

2 

1 

21 

49 

54.7 

DLIf 

-oti 

as 

1101.75 

477 

46 

24 

192 

739 

67.1 

464 
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Table   7. 

Sheet   16 

Total     Rail     Failure*     From 

Date     Rolled 

to 

October 

31st, 

1916. 

Ysar 

Rol- 
led 

Lba 
Per 
Yd. 

Sec. 

Specified 
Carbon 

Total 

Tone 

Laid 

Bqui». 
Track 
Hiles 

Failures 

to  Date 

R.      R. 

Head 

Veb 

Base 

Brkn 

Total 

Per  100 
Trk  Kls 

mnrpLw. 

Open  Hearth  •  Lackawanna  8teel  Conpany  - 

Continued 

1913 

60 

ARA-A 

.53 

.66 

2150 

17.10 

- 

- 

- 

- 

- 

0.0 

NYS4W 

60 

ASCE 

.55 

.66 

4400 

35.00 

- 

- 

5 

1 

6 

17.1 

NYC-W 

80 

Dudley 

.55 

.68 

22559 

179.45 

1 

2 

4 

22 

29 

16.1 

NYC-E 

65 

ASCE 

.65 

.78 

8602 

64.32 

3 

- 

6 

7 

16 

24.8 

Ml 

85 

Dudley 

.62 

.75 

4201 

31.45 

2 

- 

- 

- 

2 

6.3 

SAL 

90 

ARA-A 

.59 

.72 

4931 

34.87 

1 

1 

- 

- 

2 

5.7 

CHiStP 

90 

ARA-A 

1055 

7.46 

- 

- 

- 

- 

- 

0.0 

CM 

90 

ARA-A 

.59 

.72 

5000 

35.35 

1 

1 

4 

5 

11 

31.1 

CBlQ 

90 

ASCE 

.62 

.75 

2995 

21.18 

37 

3 

2 

135 

177 

835.6 

PAR 

90 

Dudley 

.60 

.73 

2500 

17.68 

- 

- 

- 

- 

- 

0.0 

Rutland 

90 

GN 

.62 

.75 

15160 

107.34 

30 

- 

8 

16 

54 

50.3 

CN 

91 

DLAT 

.67 

.80 

1491 

10.43 

1 

- 

- 

5 

6 

57.6 

DLAT 

100 

ARA-A 

.63 

.76 

8323 

52.97 

215 

4 

3 

9 

231 

436.1 

LV 

100 

ARA-A 

.63 

.76 

8000 

50.90 

9 

- 

- 

5 

14 

27.5 

Erie 

100 

ARA-A 

.63 

.76 

1454 

9.25 

- 

- 

- 

- 

- 

0.0 

CR1AP 

100 

ASCE 

.62 

.75 

5350 

34.04 

5 

- 

4 

13 

22 

64.6 

HC 

100 

PS 

.62 

.75 

14768 

93.98 

8 

6 

1 

5 

20 

21.3 

PRR 

101 

DUf 

.67 

.60 

11780 

74.22 

10 

1 

- 

26 

37 

49.9 

DLAT 

105 

Dudley 

.62 

.75 

8585 

52.03 

3 

- 

1 

- 

4 

7.7 

BAA 

105 

Dudley 

.62 

.75 

62166 

376.76 

15 

3 

17 

12 

47 

12.5 

NYC-E 

Total e 

195490 

1305.78 

341 

21 

55 

261- 

676 

51.9 

1914 

80 

ARA-A 

.53 

.66 

1650 

13.12 

- 

- 

- 

- 

- 

0.0 

NYS4W 

80 

Dudley 

.55 

.68 

22328 

177.61 

- 

- 

- 

2 

2 

1.1 

NYC-E 

85 

ASCE 

.59 

.76 

1000 

7.49 

1 

- 

- 

- 

1 

13.4 

CGW 

85 

ASCE 

.63 

.76 

5000 

37.43 

- 

- 

- 

- 

- 

0.0 

KC 

65 

Dudley 

.62 

.75 

3943 

29.51 

- 

- 

- 

- 

- 

0.0 

SAL 

90 

ARA-A 

.59 

.72 

3000 

21.21 

- 

- 

- 

- 

- 

0.0 

CBftQ 

90 

ARA-A 

.62 

.75 

2040 

14.42 

7 

1 

- 

2 

10 

69.3 

Erie 

90 

ARA-A 

.59 

.72 

4965 

35.11 

- 

- 

- 

- 

- 

0.0 

CUAStP 

90 

ARA-B 

.62 

.75 

1278 

9.03 

- 

- 

- 

1 

1 

11.1 

NYOA* 

90 

ASCE 

.67 

.80 

3009 

21.27 

2 

- 

- 

21 

23 

108.1 

PAP 

91 

DL4W 

.64 

.77 

3660 

25.59 

2 

1 

- 

- 

3 

11.7 

DL4W 

100 

ARA-A 

.63 

.76 

4106 

26.13 

1 

1 

- 

1 

3 

11.5 

LV 

100 

ARA-A 

.62 

.75 

2928 

18.63 

1 

- 

- 

- 

1 

5.3 

Erie 

100 

PS 

.62 

.75 

3254 

20.71 

- 

- 

- 

2 

2 

9.7 

PPR 

♦  100 

PS 

.60 

.75 

2854 

18.16 

- 

- 

- 

- 

» 

0.0 

PRR 

101 

DUV 

.64 

.77 

4431 

28.55 

11 

- 

- 

16 

27 

94.6 

DL4T 

105 

DL*1 

.64 

.77 

2056 

12.46 

- 

- 

- 

- 

- 

0.0 

DIftW 

105 

Dudley 

.62 

.75 

5070 

30.73 

- 

- 

1 

- 

1 

3.3 

BiA 

105 

Dudley 

.62 

.75 

34980 

212.00 

2 

- 

- 

1 

3 

1.4 

NYC-E 

♦  105 

Dudley 

.62 

.75 

1277 

7.74 

- 

- 

- 

- 

- 

0.0 

HYC-E 

Totals 

112829 

766.90 

27 

3 

1 

46 

77 

10.0 

1915 

80 

Dudley 

.55 

.68 

6592 

52.43 

- 

- 

- 

- 

- 

0.0 

NYC-E 

85 

ASCE 

.62 

.75 

7723 

57.74 

- 

- 

- 

- 

- 

0.0 

MM 

90 

ARA-A 

.63 

.76 

1092 

7.72 

- 

- 

- 

- 

- 

0.0 

GT 

90 

ARA-A 

.62 

.75 

3000 

21.21 

- 

- 

- 

- 

- 

0.0 

CBAQ 

90 

ARA-A 

.63 

.76 

1015 

7.18 

- 

- 

- 

- 

- 

0.0 

UP 

90 

ARA-B 

.62 

.75 

1516 

10.72 

- 

-_ 

- 

- 

- 

0.0 

NYOAB 

90 

ARA-B 

.59 

.72 

7624 

53.91 

2 

- 

- 

1 

3 

5.6 

NP 

90 

ASCE 

.67 

.80 

1500 

10.60 

1 

1 

- 

2 

4 

37.7 

PAR 

90 

CN 

.59 

.72 

12477 

88.22 

2 

- 

» 

2 

4 

4.5 

CN 

100 

ARA-A 

.62 

.75 

9524 

60.61 

- 

- 

- 

- 

- 

0.0 

Erie 

100 

ARA-B 

.63 

.76 

1000 

6.36 

- 

- 

- 

- 

- 

0.0 

Virginian 

100 

ARA-B 

.62 

.75 

1011 

6.43 

4 

- 

- 

- 

4 

62.2 

NAW 

100 

ASCE 

.62 

.75 

3500 

22.27 

1 

- 

1 

- 

2 

9.0 

NYC-n 

100 

NYNHAH 

.62 

.75 

3910 

24.88 

- 

- 

- 

- 

- 

0.0 

RAH 

100 

PS 

.60 

.75 

5511 

35.06 

1 

- 

- 

- 

1 

2.8 

PRR 

105 

DL4W 

.64 

.77 

4579 

27.75 

3 

1 

1 

- 

5 

18.0 

DL4S 

♦  105 

Dudley 

.62 

.75 

2089 

12.66 

- 

- 

- 

- 

- 

0.0 

NYC-E 

105 

Dudley 

.62 

.75 

28072 

170.13 

- 

- 

- 

- 

- 

0.0 

NYC-E 

105 

Dudley 

.62 

.75 

5274 

31.96 

1 

- 

- 

- 

1 

3.1 

PAA 

107 

NYNHiH 

.62 

.75 

2088 

12.42 

- 

- 

- 

- 

- 

0.0 

NYNHAH 

125 

PS 

.68 

.82 

2712 

13.81 

50 

- 

1 

2 

53 

383.6 

PRR 

Totals 

111809 

734.09 

65 

2 

3 

7 

77 

10.5 

♦  Ferro  Titanium  Alloy  Used. 
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Table  7 

Sheet  17 

Total     Rail     failures     From 

Date     Ro 

lied 

to 

October 

3  let. 

1916. 

Year 
Rol- 
led 

Lbs 
Per 
Yd. 

Sec. 

Specified 

Carbon 

Total 

Tons 

Laid 

Equiv. 
Track 
Uiles 

tai. 

Lures 

to  Date 

R.     R. 

Head   leb 

Rase 

Brkn 

Total 

Per  100 
Trk  Ids 

Uin.|Max. 

Open  Hearth  -  Lack 

a»anna  Steel  Company  - 

Continued 

1916 

85 

ASCS 

.62 

.75 

15620 

116.94 

- 

- 

1 

- 

1 

0.9  " 

841* 

90 

ARA-A 

.59 

.72 

6029 

42.63 

0.0 

CUAStP 

.90 

ARA-A 

.62 

.75 

5000 

35.35 

- 

- 

- 

- 

- 

0.0 

CBAQ 

90 

ARA-A 

.62 

.75 

2100 

14.85 

0.0 

NYOAfl 

90 

ARA-E 

.59 

.72 

5498 

38.87 

1 

- 

- 

- 

1 

2.6 

NP 

90 

Dudley 

.60 

.73 

1414 

10.00 

0.0 

Rutland 

90 

GN 

.59 

.72 

2512 

17.76 

0.0 

GN 

100 

NYNH4H 

.62 

.75 

9785 

62.27 

0.0 

B41i 

105 

DLiff 

.64 

.77 

5130 

31.09 

- 

- 

- 

- 

- 

0.0 

DL47 

105 

DL4S 

.62 

.75 

84C,r> 

50.91 

4 

- 

- 

- 

4 

7.9 

B4A 

105 

Dudley 

.62 

.75 

4710 

28.55 

- 

- 

- 

- 

- 

0.0 

NYC  -V 

125 

PS 

.68 

.82 

1876 

9.55 

5 

- 

- 

- 

5 

52.4 

PRR 

Total* 

68074 

458.77 

10 

- 

1 

- 

11 

2.4 

Open  Hearl 

h     -     Ma 

ryland   Steel  Company 

1911 

65 

ASCE 

.55 

.68 

11000 

82.35 

8 

5 

2 

1 

16 

19.4 

ACL 

85 

ASCE 

.59 

.72 

13300 

99.57 

1 

- 

4 

19 

24 

24.2 

BAM 

85 

Dudley 

3927 

29.40 

4 

- 

2 

7 

23.8 

SAL 

85 

PS 

.62 

.75 

1768 

13.24 

3 

- 

9 

20 

151.1 

PRR 

100 

ARA-B 

.62 

.75 

3000 

19.10 

19 

- 

21 

41 

214.6 

cto 

100 

ARA-B 

.62 

.75 

6216 

39.55 

28 

- 

6 

37 

93.5 

M> 

100 

ARd-B 

.70 

.80 

1773 

11.29 

23 

- 

23 

48 

425.1 

B40 

100 

NYMH4H 

.62 

.75 

8500 

54.09 

11 

6 

17 

35 

64.7 

Ball 

100 

PS 

.62 

.75 

2305 

14.67 

4 

- 

10 

17 

115.9 

PRR 

Totals 

51789 

363.26 

101 

24 

12 

108 

245 

67.4 

1912 

85IASCE 

.551    .68 

4650 

34.81 

" 

1 

1      2 

- 

3 

8.6 

ACL 

1913 

80 

ASCK 

.58 

.71 

3464 

27.55 

- 

- 

- 

1 

1 

3.6 

NYNH4H 

80 

ASCE 

.55 

.68 

4850 

38.58 

2 

- 

- 

3 

5 

12.9 

LE4V 

85 

ASCE 

.62 

.75 

2011 

15.06 

2 

- 

- 

2 

4 

26.5 

N&f 

85 

ASCE 

.55 

.68 

5950 

44.55 

3 

- 

- 

- 

3 

6.7 

ACL 

85 

Dudley 

3255 

24.36 

2 

- 

- 

1 

3 

12.3 

SAL 

90 

ARA-A 

.63 

.76 

7123 

50.34 

1 

1 

- 

- 

2 

4.0 

SP 

90 

ARA-A 

.59 

.72 

1948 

13.70 

- 

- 

1 

1 

2 

14.6 

CUAStP 

90 

ARA-A 

1552 

10.97 

1 

2 

- 

- 

3 

27.3 

SAL 

100 

ARA-B 

.63 

.76 

1001 

6.37 

5 

1 

1 

3 

10 

157.0 

Virginian 

100 

ARA-B 

.63 

.76 

17576 

111.94 

134 

7 

6 

72 

219 

195.6 

B40 

100 

ARA-B 

.62 

.75 

5622 

35.77 

38 

- 

- 

4 

42 

117.4 

IM 

100 

NYNH4H 

.65 

.78 

1006 

6.40 

- 

- 

- 

1 

1 

15.6 

NYNH4H 

100 

PS 

.62 

.75 

7128 

45.36 

41 

19 

3 

23 

86 

189.6 

PRR 

Totals 

62486 

430.95 

229 

30 

11 

111 

381 

88.4 

1914 

80 

ASCE 

.53 

.66 

2964 

23.73 

0.0 

NTNHAH 

85 

ASCE 

.62 

.75 

2764 

20.69 

1 

- 

- 

- 

1 

4.8 

NAT 

85 

ASCE 

.55 

.68 

17900 

134.01 

0.0 

ACL 

90 

ARA-A 

.59 

.72 

1972 

13.94 

- 

« 

- 

1 

1 

7.2 

CMAStP 

90 

ARA-A 

.62 

.75 

4985 

3  5.24 

0.0 

SAL 

100 

ARA-B 

.62 

.75 

4050 

25.77 

- 

- 

- 

1 

1 

3.9 

Ml 

100 

ARA-B 

.63 

.76 

1403 

8.93 

8 

s 

1 

1 

15 

168.0 

Virginian 

100 

PS 

.60 

.75 

8064 

51.32 

6 

- 

- 

- 

6 

11.7 

PRR 

100 

P8 

.62 

.75 

17296 

110.07 

57 

19 

1 

6 

83 

75.4 

PRR 

Totals 

-•Hie 

■•23    70 

72 

24 

2 

9 

107 

25.2 

1915 

85 

ASCE 

.62 

.75 

2?02 

26.23 

- 

- 

- 

- 

0.0 

IM 

85 

ASCF 

.62 

.75 

8500 

63.63 

- 

- 

- 

- 

0.0 

MC 

90 

ARA-B 

.59 

.72 

1000 

7.07 

10 

- 

1 

11 

155.5 

C40 

100 

ARA-B 

.62 

.70 

3356 

21.35 

z 

1 

- 

3 

14.0 

MV 

100 

ARA-B 

.62 

.75 

4328 

27.57 

1 

1 

3 

5 

18.1 

BAO 

100 

F-S 

.60 

.75 

11188 

71.20 

23 

7       3 

5 

38 

53.4 

PRR 

107 

NYTJH4H 

.62 

.75 

10397 

61.80 

2 

- 

- 

2 

3.2 

NYNHAH 

125 

PS 

.68 

.82 

11324 

57.65 

22 

- 

- 

22 

38.2 

PRR 

Total. 

587M 

116.50 

so 

1         4 

| 

"1 

24.5 

1916 

90 

ARA   A 

.59 

.72 

1999 

14.13 

- 

- 

- 

- 

6.0 

CMAStP 

100 

ARA-B 

.62 

.75 

4001 

25.46 

- 

1        - 

- 

1 

3.9 

am 

100 

PAR 

1071 

6.82 

- 

- 

- 

- 

0.0 

PAR 

JOT 

NYNHAH 

.75 

2754 

16.38 

- 

- 

- 

- 

0.0 

ITYNHAH 

TatAla 

m: 

U.H 

- 

1         - 

- 

1 

1« 

4CC 
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Table   7, 

Sheet   18 

Total     Rail     Failures     From 

Date      Rolled 

to 
Fail 

October 

31st, 

1916 

Year 
Rol- 
led 

Lb* 
Par 

Yd. 

Sec. 

Specified 
Carbon 

Total 
Tons 
Laid 

Equi  v. 

Track 

lUlea 

ur«ie    to   Date 

R.     R. 

Hend 

Web 

1           1 
Pase  [Brkn| 

Total 

Per   ICO 
Trk   Ids 

Kin.  |lfa*. 

Open   Hearth  -    Pennsylvania 

Steel 

Coir.pany 

1911 

80 

ASCE 

.70 

.85 

162* 

12.M 

- 

.  9 

2 

- 

11 

85.1 

NWHAH 

90 

ASCE 

.70 

.85 

3500 

24.74 

17 

4 

2 

/6 

99 

400.1 

PiR 

100 

AM-A 

.70 

.es 

1649 

10.58 

5 

4 

2 

17 

28 

266.6 

CRRNJ 

100 

NYNY&R 

.70 

.es 

4916 

31.28 

- 

B 

5 

19 

32 

102.3 

NYNH4H 

100 

"96-A" 

io?e 

6.61 

- 

- 

- 

- 

- 

0.0 

CV 

100 

P&R 

.70 

.85 

6500 

41.36 

6 

3 

- 

14 

23 

55.6 

P&R 

100 

PS 

.62 

.75 

4040 

25.71 

12 

6 

2 

23 

43 

167.3 

PRR 

101 

DL&W 

.70 

.e3 

2032 

12. eo 

- 

2 

- 

3 

5 

39.1 

DL&W 

Totals 

25301 

166.01 

40 

36 

13 

152 

241 

14  5.2 

1912 

72 

NP 

.52 

.65 

1757 

15.53 

- 

~ 

- 

- 

- 

0.0 

NP 

es 

ASCE 

.62 

.75 

44e5 

33.58 

1 

2 

- 

10 

13 

38.7 

NiW 

85 

ASCE 

.55 

.68 

5990 

44.75 

- 

3 

- 

- 

3 

6.6 

ACL 

90 

ASCE 

.67 

.80 

6504 

45.98 

4 

5 

- 

15 

24 

52.2 

PiR 

9C 

CN 

.59 

.72 

24148 

170.75 

6 

3 

11 

62 

82 

48.0 

CN 

ICO 

"96-A" 

2071 

13.18 

1 

- 

- 

1 

2 

15.0 

CV 

100 

ARA-A 

.70 

.es 

6373 

40.55 

2 

- 

1 

2 

5 

12.3 

CRRKJ 

100 

ARA-B 

.62 

.75 

2048 

13.03 

1 

- 

13 

14 

28 

214.9 

NP 

100 

ARA-B 

.62 

.75 

2175 

13.20 

1 

- 

- 

1 

2 

15.1 

NiW 

100 

ARA-B 

.62 

1000 

6.36 

- 

- 

- 

1 

1 

15.7 

C40 

100 

PR 

.67 

.eo 

9951 

63.32 

7 

1 

- 

12 

20 

31.5 

P&R 

100 

PS 

.62 

.75 

4973 

31.65 

14 

3 

- 

6 

23 

72.7 

PRR 

101 

DUB 

.62 

.75 

2202 

13.87 

- 

- 

- 

- 

- 

0.0 

DL&V 

135 

CRRNJ 

.90 

1.00 

1581 

7.45 

32 

- 

1 

4 

37 

496.6 

CRRNJ 

Totals 

75258 

513.20 

69 

17 

26 

128 

240 

46.6 

1913 

72 

NP 

.52 

.65 

2984 

26.37 

- 

- 

- 

1 

1 

3.8 

HP 

80 

ASCE 

.58 

.71 

1265 

10.06 

- 

- 

- 

- 

" 

0.0 

NYNH&H 

80 

ASCE 

.65 

.78 

1005 

8.00 

- 

- 

2 

1 

3 

37.5 

CNE 

85 

ASCE 

.53 

.68 

1010 

7.57 

- 

- 

- 

- 

- 

0.0 

ACL 

90 

ARA-B 

.€2 

.75 

1045 

7.39 

- 

- 

3 

4 

7 

94.7 

NP 

90 

ARA-B 

.59 

.72 

10442 

73.82 

11 

- 

6 

6 

23 

31.2 

NP 

90 

ON 

.59 

.72 

4882 

34.52 

7 

5 

7 

9 

28 

81.1 

CN 

100 

ARA-A 

.63 

.76 

10306 

65.68 

41 

- 

3 

2 

46 

70.1 

LV 

100 

ARA-A 

.70 

.es 

3882 

24.70 

5 

5 

2 

14 

26 

105.2 

CRRKJ 

100 

ARA-B 

.62 

.75 

1904 

12.12 

- 

- 

- 

6 

6 

49.5 

NP 

100 

NYNH&H 

.65 

.78 

11736 

74.68 

5 

4 

3 

5 

17 

22.8 

NYNH&H 

100 

NYNH&H 

.63 

.76 

3550 

22.51 

- 

1 

3 

1 

5 

22.2 

P&U 

100 

PiR 

.67 

.80 

18988 

120.83 

5 

1 

- 

5 

11 

9.1 

P&R 

100 

PS 

.62 

.75 

7723 

49.15 

6 

4 

- 

3 

13 

26.4 

PRR 

100 

"96-A" 

1536 

9.eo 

1 

- 

- 

- 

1 

10.0 

CV 

101 

DL&W 

++ 

'++ 

79eo 

50.28 

4 

6 

- 

1 

11 

21.9 

DL&W 

135 

CRRNJ 

.90 

1.05 

2887 

13.60 

12 

1 

- 

1 

14 

103.0 

CRRNJ 

Totals 

93125 

610.98 

97 

Z7 

29 

59 

212 

34.7 

1914 

75 

Bill 

.53 

.63 

1920 

16.29 

- 

- 

- 

5 

5 

30.7 

EiU 

85 

ASCE 

.63 

.76 

1490 

11.16 

1 

- 

- 

- 

1 

8.0 

Ml 

90 

ARA-B 

.59 

.72 

3192 

22.57 

3 

- 

1 

4 

8 

35.5 

NT 

90 

ARA-B 

.62 

.75 

1241 

8.77 

- 

- 

- 

- 

- 

0.0 

NYO&W 

90 

ASCE 

.67 

.eo 

1003 

7.09 

- 

- 

- 

1 

1 

14.1 

PiR 

90 

CN 

.59 

.72 

2130 

15.06 

- 

- 

- 

3 

3 

19.9 

CN 

100 

ARA-A 

.70 

.es 

4600 

29.20 

- 

- 

- 

- 

- 

0.0 

CRRNJ 

100 

NYNH&H 

.63 

.76 

1572 

10.00 

- 

- 

- 

- 

- 

0.0 

Bill 

ICO 

NYNH&H 

.63 

.76 

4e38 

30.79 

- 

1 

1 

^ 

5 

16.2 

NYNH&H 

100 

P&R 

.67 

.eo 

5526 

35.16 

- 

1 

- 

l 

2 

5.6 

P&R 

100 

PS 

.62 

.75 

5288 

33.65 

7 

1 

- 

6 

14 

41.6 

PRR 

101 

D1&W 

•H- 

++ 

4376 

27.57 

4 

7 

- 

1 

12 

43.5 

DI.&W 

105 

DL&W 

•»-♦ 

t+ 

4  513 

27.35 

3 

4 

1 

- 

8 

29.2 

DL&f 

135 

CRRNJ 

.90 

1.05 

1103 

5.20 

- 

- 

- 

- 

- 

0.0 

CRKNJ 

Totals 

4279L' 

279. e6 

18 

14 

3 

24 

59 

21.1 

1915 

90 

AkA-A 

.59 

.72 

1000 

7.07 

- 

- 

- 

- 

- 

^>.0 

CPAQ 

90 

ASCE 

.67 

.80 

1996 

14.11 

1 

1 

- 

2 

4 

28.3 

P&R 

100 

"96-A" 

.60 

.75 

3479 

22.14 

- 

- 

- 

- 

- 

0.0 

CV 

100 

ARA-B 

.63 

.76 

1350 

8.59 

2 

1 

- 

- 

3 

35.0 

Vi.-ginitn 

100 

PiR 

.67 

.80 

5294 

33.69 

- 

- 

- 

1 

1 

2.9 

PiR 

105 

DliW 

M 

4+ 

6734 

40.81 

- 

- 

- 

- 

- 

0.0 

DI&W 

Totals 

19853 

126.41 

3 

2 

- 

3 

8 

6.3 

1916 

100 

PiR 

1   .67 

.eo 

4  587 

2°.  19 

- 

- 

- 

- 

- 

0.0 

P&R 

105 

DL&W 

1     44- 

++ 

3063 

It. 56 

- 

- 

- 

- 

- 

0.0 

DL4I 

Totals 

7650 

47.75 

; 

- 

- 

- 

" 

0.0 

♦4-tIote.    "Rail   rolled   under   Physical  Test,    without   limits   tc  chemistry  except 
Phosphorus.      Carbon   of   heate  accepted    in   1913    varied   between    .60  ar.d    .73. 
Carbcn   of   heats   ace ej  ted   in  1914    varied   between    .59   ar.d    .73." 
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Table  7, 

Sheet  19 

Total     Rail     Failures 

From     Date     Re 

lied     to 

October     31st, 

1916 

Year 
Rol- 
led 

Lbs 
Per 
Yd. 

Sec. 

Specified 

Carbon 

Total 

Tons 

Laid 

Equiv. 

Fail 

jree   to  Date 

R.     R. 

Track 
llllea 

Head 

ffeb 

?ase  Brkn  |Total 

Per  100 

Trk   Ids 

Vin.|Max. 

Open 

learth 

-  Tenn 

esses   Coal,    Ir 

on  A 

Railroad  Company 

1911 

75 

cs 

.55 

.68 

2218 

18.82 

- 

- 

- 

- 

- 

0.0 

HiTC 

75 

OS 

.55 

.68 

2800 

23.76 

- 

- 

- 

- 

- 

0.0 

HLAT 

75 

Dudley 

6010 

51.00 

1 

- 

- 

l 

2 

3.9 

SAL 

80 

ASCE 

.55 

.68 

26780 

213.03 

94 

14 

32 

44 

184 

86.4 

LAN 

80 

ASCE 

.55 

.65 

4098 

32.59 

- 

- 

- 

- 

- 

0.0 

NCttStL 

80 

ASCE 

.58 

.71 

7000 

55.68 

- 

«2 

- 

2 

4 

7.2 

CofC 

85 

A  SCR 

4411 

33.02 

14 

- 

4 

1 

19 

57.5 

AGS 

85 

ASCE 

.59 

.72 

11750 

87.97 

32 

12 

5 

23 

72 

81.8 

StL-SF 

85 

ASCE 

.59 

.72 

32093 

240.25 

119 

14 

13 

27 

173 

72.0 

Sou the rr 

85 

ASCE 

2477 

18.54 

5 

1 

- 

6 

12 

64.7 

mo 

85 

ASCE 

.55 

.68 

15000 

112.30- 

3 

1 

1 

- 

5 

4.4 

ACL 

85 

ASCE 

.55 

.65 

59B5 

44.81 

1 

3 

11 

10 

25 

55.8 

NCAStL 

95 

ASCE 

.59 

.72 

7163 

53.63 

25 

6 

11 

28 

70 

130.5 

CNOATP 

90 

A  PA -A 

.63 

.76 

3117 

22.04 

7 

- 

- 

1 

8 

36.3 

HiTC 

90 

A  PA -A 

.63 

.76 

1000 

7.07 

1 

- 

- 

1 

2 

28.3 

10.  IT 

90 

ARA-A 

3176 

22.48 

5 

- 

- 

- 

5 

22.2 

SP 

90 

ARA-A 

.63 

.76 

8592 

60.75 

39 

•8 

2 

3 

52 

85.6 

IC 

90 

APA-A 

.58 

.71 

3000 

21.21 

23 

1 

1 

5 

30 

141.5 

CofO 

90 

APA-A 

.63 

.76 

3373 

23.85 

1 

- 

- 

- 

1 

4.2 

HNO 

90 

CS 

.63 

.76 

7415 

52.43 

44 

6 

6 

17 

73 

139.2 

TC 

Totals 

157458 

1195.23 

414 

6e 

86 

169 

737 

61.7 

1912 

75 

CS 

.55 

.68 

7323 

62.00 

- 

- 

- 

1 

1 

1.6 

KEiWT 

75 

CS 

.55 

.68 

1123 

9.53 

- 

- 

- 

- 

- 

0.0 

CH*5A 

75 

CS-R 

.55 

.68 

6942 

58.90 

- 

- 

- 

- 

- 

0.0 

HiTC 

75 

CS-R 

.63 

.76 

5423 

46.01 

- 

- 

- 

- 

- 

0.0 

CSL 

75 

CS-R 

.55 

.68 

3000 

25.45 

.-' 

- 

- 

- 

- 

0.0 

AE 

80 

ASCE 

.58 

.71 

,    1800 

14.32 

9 

7 

3 

7 

26 

181.6 

CofC 

80 

ASCE 

.55 

.65 

3193 

25.32 

- 

- 

- 

- 

- 

0.0 

NCiStL 

80 

ASCE 

.55 

.63 

10266 

81.66 

28 

7 

2 

7 

44 

53.9 

UN 

85 

ASCE 

.59 

.72 

22670 

169.67 

98 

16 

21 

26 

161 

94.9 

Southern 

85 

ASCE 

.55 

.68 

11980 

89.69 

6 

2 

3 

5 

16 

17. e 

ACL 

es 

ASCE 

1406 

10.52 

- 

- 

- 

- 

- 

0.0 

CHiH 

85 

ASCE 

.55 

.65 

7C63 

52.88 

2 

14 

4 

10 

30 

56.7 

NCiStL 

85 

ASCE 

.59 

.72 

5610 

42.00 

14 

2 

1 

13 

30 

71.4 

StL-SF 

85 

ASCE 

1000 

7.49 

4 

- 

- 

2 

6 

80.0 

CHOiTP 

85 

ASCE 

4836 

36.12 

3 

1 

1 

6 

11 

.  30.4 

ACS 

85 

Dudley 

.62 

.75 

6128 

45.87 

1 

10 

7 

11 

29 

63.2 

SAL 

90 

ARA-A 

.58 

.71 

2000 

14.14 

6 

1 

1 

7 

15 

106.1 

CofC 

90 

ARA-A 

27e6 

19.70 

3 

- 

2 

- 

5 

25.4 

SP 

90 

ARA-A 

.63 

.76 

17eSl 

126.29 

106 

11 

142 

76 

335 

265.2 

IC 

90 

ARA'  A 

.63 

.76 

1727 

12.21 

8 

- 

- 

3 

11 

90. 0 

GHASA 

90 

APA-B 

.60 

.73 

31465 

222.47 

49 

14 

4 

24 

91 

40.9 

LAN 

90 

ASCE 

.59 

.72 

13000 

91.92 

8 

2 

3 

19 

32 

34.7 

StL-SF 

90 

SF 

.63 

.76 

8733 

61.75 

10 

- 

- 

2 

12 

19.4 

ATASF 

Totaln 

177325 

1325.91 

355 

87 

193  i  220 

P55 

64.5 

1913 

75 

CS-H 

.59 

.68 

1121 

9.51 

- 

- 

- 

- 

- 

0.0 

HATC 

75 

CS-R 

.55 

.68 

5833 

49.49 

- 

- 

- 

1 

1 

2.0 

CHASA 

75 

CS-R 

.55 

.68 

2700 

22.91 

- 

- 

- 

- 

- 

0.0 

AE 

80 

ASCE 

.55 

.66 

9251 

73.59 

6 

1 

1 

3 

11 

14.9 

LAN 

80 

ASCE 

.55 

.65 

2438 

19.39 

- 

- 

- 

- 

- 

0.0 

NCAStl 

80 

/ISCE 

.58 

.71 

5300 

42.16 

3 

3 

- 

- 

6 

14.2 

CofC 

85 

ASCE 

.55 

.65 

6680 

Sr.ro 

- 

- 

1 

1 

2 

4.0 

NCAStL 

85 

ASCF 

.59 

.72 

26096 

195.05 

33 

6 

4 

11 

54 

27.7 

Southern 

85 

ASCE 

.55 

.68 

14940 

111.84 

- 

? 

1 

3 

7 

6.2 

ACL 

85 

A  SCt 

.59 

.72 

5221 

39.09 

5 

1 

1 

2 

9 

23.0 

ACS 

85 

ASCE 

3811 

29.52 

21 

3 

2 

2 

28 

98.0 

CNOATP 

85 

ASCE 

1228 

9.17 

- 

- 

- 

- 

- 

0.0 

l!A"> 

85 

Dudley 

.59 

.75 

11682 

87.45 

12 

- 

7 

8 

27 

30.8 

SAL' 

90 

APA-A 

.63 

.76 

10947 

77.40 

- 

- 

- 

- 

- 

0.0 

HATC 

90 

APA-A 

.63 

.76 

36955 

261.30 

107 

5 

13 

.1 

146 

55.8 

IC 

90 

APA-A 

.58 

.71 

2200 

15.55 

5 

- 

- 

1 

6 

38.6 

CofO 

90 

AHA -A 

.63 

.76 

4848'      34.23 

- 

- 

- 

- 

- 

0.0 

KLAT 

90 

ARA-A 

.63 

.76 

8562 

60.54 

1 

- 

- 

- 

1 

1.7 

CHASA 

90 

APA-A 

.59 

.72 

3117 

22.04 

1 

- 

- 

2 

3 

13.6 

WP-IM 

90 

ARA-A 

.63 

.76 

7067 

50.00 

- 

- 

- 

- 

- 

0.0 

TIM 

90 

ARA-B 

.63 

.76 

56719 

401.03 

48 

25 

6 

35 

114 

28.4 

UN 

1     90 

ASCE 

.55 

.65 

8063 

57.01 

- 

1 

2 

2 

5 

P.R 

KCARtL 

90. 

6KR 

.',." 

.75 

5H00 

41  .01 

7 

2 

- 

2           11 

26. H 

StL-SF 

Total. 

240539 

1758.35 

249     ig 

H 

Y«  '     1?1 

S1.3 
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Tabls   7, 

Sr.e;*.  Z<: 

Total     Rail     Failure*     Fron 

Date     Rolled 

to 

October 

31st, 

1916. 

Tear 

Rol- 
led 

Lbs 
Per 
Ta. 

See. 

Specified 

Carbon 

Total 

Tons 

Laid 

Equir. 
Track 
Miles 

Failures 

to  Date 

R.   R. 

Head 

Feb 

Base 

Srkn 

Total 

Psr  100 
Trk  Ids 

Win.  |Sta*. 

Open  Hearth  ■  Tennessee 

Coal,   Iron  and 

Railroad 

Company  -  Continued 

1914 

eo 

ASCE 

.53 

,6¥ 

7027 

55.90 

- 

- 

- 

- 

- 

6.0 

UN 

80 

ASCE 

.55 

.65 

2512 

19.97 

1 

- 

- 

- 

1 

5.0 

NCaStL 

80 

ASCE 

.56 

.71 

4537 

36.09 

- 

- 

- 

1 

1 

2.8 

CofC  . 

85 

ASCE 

.59 

.72 

23416 

175.22 

58 

3 

3 

4 

68 

38.8 

Southern 

85 

ASCE 

.55 

.66 

15750 

117.91 

- 

- 

- 

1 

1 

0.9 

ACL 

85 

ASCE 

.59 

.72 

12441 

93.14 

7 

4 

- 

- 

11 

11.8 

ASS 

85 

ASCE 

2976 

22.28 

3 

- 

- 

2 

5 

22.4 

K*0 

85 

Dudley 

.59 

.72 

1406 

10.61 

- 

- 

- 

2 

2 

18.8 

SAL 

90 

ARA-A 

.59 

.72 

4427 

31.30 

- 

- 

- 

- 

- 

0.0 

MP-IM 

90 

ARA-A 

.63 

.76 

24684 

174.53 

50 

3 

5 

9 

67 

38.3 

IC 

90 

ARA-A 

6346 

44.90 

- 

- 

- 

- 

- 

0.0 

SP 

90 

ARA-A 

.63 

.76 

2667 

19.00 

- 

- 

- 

- 

- 

0.0 

LX 

90 

ARA-A 

.63 

.76 

2025 

14.32 

2 

- 

- 

- 

2 

14.0 

H4TC 

90 

ARA-A 

.63 

.76 

6237 

44.10 

- 

- 

- 

- 

- 

0.0 

CH4SA 

90 

ARA-B 

.63 

.76 

80914 

572.11 

68 

16 

3 

14 

101 

17.7 

L&N 

90 

ASCE 

.62 

.75 

42430 

300.01 

5 

4 

5 

18 

32 

10.7 

StL-SF 

90 

ASCE 

.55 

.65 

3931 

27.78 

- 

1 

- 

- 

1 

3.6 

NYCAStL 

Totals 

243748 

1759.17 

194 

31 

16 

51 

292 

16.6 

1915 

80 

ASCE 

.58 

.71 

2004 

15.94 

0.0 

CofC 

80 

ASCE 

.55 

.65 

3000 

23.87 

7 

- 

1 

1 

9 

37.7 

NCftStL 

85 

ASCE 

.55 

.66 

6300 

47.17 

- 

- 

- 

- 

- 

0.0 

ACL 

85 

A  80S 

.59 

.72 

24395 

182.62 

3 

1 

- 

2 

6 

3.3 

Southern 

85 

ASCE 

1806 

13.54 

- 

- 

- 

1 

1 

7.5 

MAO 

85 

ASCE 

.59 

.72 

2735 

20. 4e 

- 

- 

- 

- 

- 

0.0 

A  OS 

85 

ASCE 

.59 

.72 

3104 

23.24 

3 

- 

- 

1 

4 

17.6 

CNOATP 

90 

ARA-A 

.59 

.72 

10665 

76. e2 

- 

- 

- 

- 

- 

0.0 

HP-IK 

90 

ARA-A 

.63 

.76 

1400 

9.90 

0.0 

LW 

90 

ARA-A 

.62 

.75 

2989 

21.13 

- 

- 

- 

- 

- 

0.0 

NCAStL 

90 

ARA-A 

.63 

.76 

11221 

79.34 

- 

- 

- 

- 

- 

0.0 

GHASA 

90 

ARA-A 

.63 

.76 

4564 

32.41 

- 

- 

- 

- 

- 

0.0 

HATC 

90 

ARA-A 

.63 

.76 

3755 

26.55 

2 

1 

- 

- 

3 

11.3 

IC 

90 

ARA-B 

.62 

.75 

39698 

280.69 

14 

5 

1 

5 

25 

8.9 

LAN 

90 

ASCE 

.62 

.75 

20510 

145.00 

- 

2 

7 

3 

12 

8.3 

StL-SF 

Totals 

138366 

998.70 

29 

9 

9 

13 

60 

6.0 

1916 

80 

ASCE 

.53 

.66 

1838 

14.62 

- 

- 

- 

1 

1 

8.8 

UK 

65 

ASCE 

.59 

.72 

7671 

57.28 

- 

1 

- 

2 

3 

5.2 

Southern 

85 

ASCE 

.59 

.72 

21000 

157.22 

- 

- 

- 

- 

- 

0.0 

ACL 

85 

ASCE 

.59 

.72 

1150 

8.68 

- 

2 

- 

- 

2 

23.0 

AGS 

85 

Dudley 

.59 

.72 

7205 

53.94 

2 

- 

- 

- 

2 

3.7 

SAL 

90 

ARA-A 

.63 

.76 

7681 

54.31 

- 

- 

- 

- 

- 

0.0 

IC 

90 

ARA-A 

.59 

.72 

1141 

8.06 

- 

- 

- 

- 

- 

0.0 

SAL 

90 

ARA-A 

.63 

.76 

13637 

96.42 

- 

- 

- 

- 

- 

0.0 

0H4SA 

90 

ARA-A 

.62 

.75 

6116 

43.24 

- 

- 

- 

- 

- 

0.0 

HCAStL 

90 

APA-B 

.62 

.75 

39610 

280.07 

- 

6 

- 

3 

11 

3.9 

UN 

90 

ASCE 

.62 

.75 

15980 

113.00 

- 

1 

- 

- 

1 

0.9 

StL-SF 

Totals 

123029 

e86.84 

2 

12 

- 

6 

20 

2.3 

INFLUENCE  OF  GAGE  LENGTH  ON  ELONGATION   IN 
DROP  TEST  OF  RAILS. 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

In  the  drop  test  of  rails  it  is  usual  to  measure  the  elongation  of  the 
part  in  tension  by  marking  six  spaces  of  one  inch  each  on  the  side  to 
be  put  in  tension,  and  generally  the  spacing  is  marked  by  means  of  a 
gang  punch  of  seven  prick  punches  equally  spaced  with  one  inch  between 
punch  points.  The  aim  is  to  have  the  tup  strike  directly  over  the  center 
mark  and  in  the  ideal  case  the  two  spaces  next  the  center  would  stretch 
equally  and  more  than  the  others,  the  spaces  adjacent  on  each  side  would 
stretch  equally,  and  the  two  end  spaces  would  stretch  equally,  but  less 
than  the  others.  Of  course,  in  actual  practice  in  the  mill,  this  ideal  case 
is  usually  only  approximated. 

The  ductility  of  the  rail  is  usually  expressed  as  per  cent,  of  elonga- 
tion of  the  one-inch  space  which  stretched  most;  and  when  measured 
after  the  rail  has  received  a  sufficient  number  of  blows  to  break  it,  the 
ductility  is  called  the  exhausted  ductility.  In  some  cases  the  full  six 
inches  is  taken  as  the  gage  length  and  the  ductility  expressed  as  the 
per  cent,  of  elongation  in  six  inches.  The  longer  gage  length  has  the 
advantage  that  an  error  in  measurement  is  a  smaller  percentage  of  the 
length,  although  this  advantage  is  frequently  nullified  by  the  total  length 
being  obtained  by  adding  together  the  separate  lengths  of  the  six  spaces. 
The  stretch  is  not  uniform  over  a  length  of  six  inches  and  therefore  a 
true  measurement  of  ductility  is  not  obtained,  whereas  with  a  gage  length 
of  one  inch  a  close  approximation  can  be  obtained.  When  successive 
blows  do  not  strike  in  just  the  same  place,  another  variable  is  introduced 
which  probably  tends  to  increase  the  measurement  of  exhausted  ductility 
in  the  long  gage  length,  but  probably  does  not  affect  the  result  when  a 
one-inch  length  is  used.  For  the  measurement  it  is  usual  to  use  a  flexible 
scale  laid  on  the  rail,  but  a  closer  measurement  can  be  obtained  by  means 
of  multiplying  dividers  as  illustrated  in  Figs.  1  and  1'  in  Report  61 
on  Quick  Bend  Test.  (See  Proceedings,  American  Railway  Engineering 
Association,  Volume  18,  1917,  pages  1107  and  1108.) 

The  purpose  of  this  study  was  to  determine  the  difference  in  the  pel 
cent  of  elongation  when  measured  in  a  gage  length  of  six  inches  as 
compared  with  the  pei  cent  in  one  inch.  Some  typical  drop  t<  m  result- 
were  taken  from  tin-  published  Proceedings  of  the  American  Railway 
Engineerii  ition  as  follows:    The  results  on  some  \fiO  lb.   \    R    \ 

type  B  open  1m. nth  rail-  obtained  l>>  the  writer  and  the  results  on  some 
100-llt.  Dudley  section  open-hearth  rails  obtained  bj  Dr.  P,  II  Dudley. 
(See   Proceedings,    American   Railway   Engineering  Association,   Volume 
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12,  Part  2,  pp.  442,  443  for  the  first  named  results  and  p.  552  for  Dr. 
Dudley's  results.)  For  convenient  reference  the  figures  used  are  given 
herewith  as  table  1.  These  results  are  plotted  in  Fig.  1  to  show  the  re- 
lation between  the  per  cent,  of  elongation  in  the  "longest"  inch  and  six 
inches,  and  also  lh<-  relation  between  the  "longest"  and  "shortest"  inches. 
The  maximum  elongation  in  one  inch  is  plotted  horizontally  and  the 
elongation  in  six  inches  and  the  minimum  in  one  inch  arc  plotted 
vertically. 
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Fig.  1.    The  Elongation  in  the  "Longest"  Inch  as  Related  to  Average 
in  Six  Inches  and  to  "Shortest"  Inch. 


It  will  be  noted  from  the  diagram  that  an  elongation  of  six  per  cent. 
in  the  maximum  inch  is  equivalent  to  about  4.9  per  cent,  over  the  six 
inches  or  an  elongation  of  six  per  cent,  in  six  inches  is  equivalent  to 
about  7.3  per  cent,  in  the  maximum  inch.  At  these  elongations,  also,  the 
elongation  in  the  minimum  inch  is  just  about  half  the  elongation  in  the 
maximum  inch.  At  greater  elongations  the  ratios  of  the  six  inch  and  the 
minimum    elongations    to    the    maximum    elongation    decrease    somewhat. 
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TABLE  1.— ELONGATION  RESULTS. 
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Test 

No.  of 
Blow 

Elongation — Inches 

Re- 

No. 

1 

2 

3 

4 

5 

6 

Total 

Average 

marks 

HEAD  IN  TENSION 


G1A4 

1 

.02 

.03 

.04 

.03 

.03 

.01 

.16 

.027 

G1B4 

1 

.03 

.03 

.05 

.06 

.05 

.03 

.25 

.042 

G1C4 

1 

.04 

.05 

.06 

.07 

.07 

.05 

.34 

.057 

2 

.06 

.09 

.14 

.15 

.13 

.09 

.66 

.110 

3 

.08 

.13 

.18 

.19 

.16 

.11 

.85 

.142 

4 

08 

17 

19 

16 

.11 

G1D4 

1 

.03 

.04 

.06 

.07 

.06 

.05 

.31 

.052 

2 

.07 

.10 

.15 

.16 

.13 

.09 

.63 

.105 

3 

.07 

.12 

.19 

.21 

.14 

.09 

.82 

.137 

G1E4 

1 

.05 

.07 

.08 

.08 

.05 

.04 

.37 

.062 

2 

.09 

.15 

.16 

.15 

.09 

.05 

.69 

.115 

3 

.10 

.17 

.21 

.21 

.13 

.08 

.90 

.150 

G1F4 

1 

.04 

.05 

.07 

07 

.07 

.06 

.36 

.060 

2 

.05 

.08 

.12 

.16 

.16 

.12 

.69 

.115 

3 

.05 

.08 

.12 

.16 

.16 

.12 

.69 

.115 

Broke 
Broke 


Broke 


Broke 


Broke 


Broke 


BASE  IN  TENSION 


G1A5 

1 

.00 

.01 

.02 

.01 

.01 

.01 

.06 

.010 

Broke 

G15B 

1 

.03 

.03 

.04 

.05 

.04 

.04 

.23 

.038 

2 

.04 

.04 

.05 

.07 

.09 

.10 

.39 

.065 

3 

.06 

.08 

.12 

.15 

.15 

.12 

.68 

.113 

4 

.11 

.14 

.19 

.18 

.15 

.12 

.89 

.148 

Broke 

G1C5 

1 

.03 

.03 

.04 

.04 

.04 

.04 

.22 

.037 

2 

.05 

.06 

.08 

.08 

.08 

.07 

.42 

.070 

3 

.06 

.08 

.09 

.10 

.09 

.07 

.49 

.082 

Broke 

G1D5 

1 

.03 

.03 

.04 

.04 

.04 

.03 

.21 

.035 

2 

.06 

.08 

.10 

.10 

.09 

.06 

.49 

.082 

3 

.11 

.15 

.17 

.16 

.11 

.08 

.78 

.130 

4 

1 

.12 
.04 

.05 

.20 
.05 

.19 
.05 

.13 

.04 

.08 
.03 

G1E5 

.26 

.043 

2 

.08 

.11 

.11 

.11 

.07 

.05 

.53 

.088 

3 

.12 

.15 

.16 

.13 

.11 

.00 

.73 

.122 

4 

.12 

.16 

.17 

.15 

.12 

.08 

.80 

.133 

Broke 

G1F5 

1 

.03 

.03 

.04 

.04 

.04 

.04 

.22 

.037 

2 

.05 

.05 

.07 

.11 

.11 

.09 

IS 

.080 

3 

.06 

.07 

.10 

.14 

.15 

.14 

.65 

.108 

4 
1 

.05 
.02 

.07 
.05 

.05 

.13 

.04 

.15 

.04 

.14 

.03 

Broke 

21596 

.23 

.038 

2 

.06 

.07 

.08 

MS 

.07 

.06 

.42 

.070 

3 

.08 

.10 

.14 

111 

.12 

.08 

.68 

.113 

4 

.08 

.12 

.16 

.17 

.13 

.09 

1 .'.', 

Broke 

15657 

1 

.03 

.05 

.05 

p. 

.04 

.08 

.25 

.042 

2 

.10 

.10 

.00 

.08 

.05 

.03 

078 

3 

.14 

.17 

.18 

.10 

.00 

Ml 

IIS 

4 

.16 

.18 

.18 

.12 

.07 

.05 

.75 

LSI 

Broka 

14719 

1 

.04 

.05 

.00 

.00 

.04 

.01 

.28 

in.; 

2 

.04 

.06 

.06 

,01 

.05 

,04 

U 

Btoka 

16053 

I 

.02 

.04 

.04 

.0.'. 

Ml 

,0S 

.21 

TESTS  OF  MANGANESE  STEEL  RAILS. 

By  M.  H.  WlCKHOEST,  Engineer  of  Tests,  Rail  Committee. 

This  report  is  a  compilation  of  reports  of  tests  of  manganese  steel 
rails  furnished  by  a  number  of  railroads  represented  on  our  Rail  Com- 
mittee. The  following  were  the  roads  that  gave  the  results  of  their 
tests  or  experience: 

Baltimore  &  Ohio  Railroad. 

Chicago,  Burlington  &  Quincy  Railroad. 

Chicago,  Milwaukee  &  St.  Paul  Railway. 

Delaware,  Lackawanna  &  Western  Railroad. 

Norfolk  &  Western  Railway. 

Pennsylvania  Railroad. 

Pittsburgh  &  Lake  Erie  Railroad. 

Manganese  steel  is  an  alloy  steel  with  about  12  per  cent,  of  manganese, 
which  large  amount  of  manganese  has  the  effect  of  preventing  the  trans- 
formations that  occur  in  ordinary  steel  where  cooling  down  from  high 
temperatures.  In  rolled  or  forged  products,  it  has  a  high  tensile  strength 
and  considerable  ductility,  is  difficult  to  machine,  has  a  high  resistance 
to  abrasion,  but  has  a  low  elastic  limit  in  tensile  tests.  A  general 
resume  concerning  the  manufacture  and  uses  of  manganese  steel  has 
been  included  by  Dr.  Hibbard  in  a  dissertation  on  alloy  steels  and  gives 
much  valuable  information,  including  a  bibliography  on  the  subject. 
(See  "Manufacture  and  Uses  of  Alloy  Steels,"  by  Henry  D.  Hibbard, 
Bulletin  100,  Bureau  of  Mines,  Washington,  1915,  pp.  22-36.)  Dr.  Henry 
M.  Howe  has  also  given  a  valuable  theoretical  discussion  of  the  action 
of  manganese  in  manganese  steel  in  a  paper  entitled  "The  Role  of 
Manganese,"  before  the  American  Society  for  Testing  Materials  in  June, 
1917. 

TEST  ON  THE  BALTIMORE  &  OHIO   RAILROAD. 

Information  furnished  by  Earl   Stimson,  Engineer  Maintenance  of  Way. 

On  October  22nd,  1912,  a  test  of  manganese  steel  rails  was  started 
on  the  eastbound  track  at  Kessler's  Curve,  2y2  miles  east  of  Paw  Paw 
Station,  on  the  Cumberland  Division.  The  test  was  composed  of  30 
rails  each  of  the  following : 

Maryland — Bessemer  Titanium   Rail. 
Cambria — Open-Hearth  Rail. 
Manganese  Steel  Rail. 
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The  alinement  at  this  point  was  a  9-degree  curve  carrying  a  super- 
elevation of  7^2  in.,  the  curve  being  on  a  0.21  per  cent,  grade,  descending 
in  the  direction  of  the  traffic. 

The  object  of  this  test,  which  was  known  as  Rail  Test  No.  930, 
was  to  determine  whether  the  manganese  rail  would  give  such  an  in- 
creased life  over  the  Bessemer  and  Open-Harth  rail  that  it  would  be 
more  economical  to  use  at  such  locations  where  the  curvature  is  great 
and  the  abrasion  of  ordinary  rails  so  high  that  their  life  is  only  about 
\l/2  to  2  years. 

The  manganese  rails  were  furnished  by  the  Manganese  Steel  Rail 
Company  of  New  York  and  rolled  by  the  Illinois  Steel  Company,  South 
Works. 

In  February,  1914,  after  16  months'  service,  it  was  necessary  to 
remove  all  of  the  low  rails  in  the  test,  except  the  manganese  rails,  on 
account  of  cracking  under  the  head.  Sections  taken  on  February  12th, 
1914,  just  before  these  rails  were  removed,  showed  that  the  average  per 
cent,  of  area  abraded  to  total  area  of  the  head  was  3.02  per  cent,  for 
the  manganese  high  and  low  rails,  6.45  per  cent,  for  the  Cambria  Open- 
Hearth  and  13.92  per  cent,   for  the  Maryland  Bessemer  Titanium. 

After  19  months'  wear  it  was  necessary  to  remove  all  the  high-side 
Cambria  Open-Hearth  rails.  At  this  period  the  abrasion  of  the  high 
rails  of  the  Cambria  Open-Hearth  and  Maryland  Bessemer  rolling  were 
respectively  1-54  and  4J4  times  that  of  the  manganese  rail. 

A  second  test  of  manganese  rail,  known  as  Rail  Test  No.  937,  was 
started  January,  1915,  at  the  same  location,  the  manganese  rail  still 
remaining  in  its  original  position.  The  test  was  composed  of  30  rails 
each  of  the  following: 

Maryland — Bessemer. 
Maryland — Open-Hearth. 
Manganese. 

This  test  covered  a  period  of  20  months  up  to  August,  1916,  when 
the  track  was  taken  up  on  account  of  change  of  alinement. 

For  the  period  of  20  months  which  this  test  covered  the  per  cent,  of 
abrasion,  as  compared  with  the  total  area  of  the  head,  was  as  follows: 

Maryland     Bessemer  2.51  percent. 

Maryland— Open  1  [earth    1.87  per  cent 

Manganese    1.59  per  cent. 

The  manganese  rails  have  recently  been   relaid  near  Gorsuch,   Md 
on  the  Baltimore  Division,  where  further  tesl  is  being  conducted. 

The  results  of  the  tests  covering  the  high  rail  only  arc  included  in 
Table    1,    and    below    is    given    the    ratio    of    abrasion    as    derived    from    the 

square  inches  abrasion  per  million  tons  of  traffic: 

Sij.  In,  Abrasion  Ratio 

Mangani   •■     0037  1.0 

Maryland     Bess.  Tit 0139  3.8 

Cambria— O.-H 0056  1.5 
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It  will  be  noted  that  the  abrasion  on  the  carbon  steel  rails  was 
somewhat  greater  than  on  the  manganese,  varying  from  1.5  times  on  the 
Open-Hearth  rails  to  3.8  times  on  the  Bessemer  rails. 

TESTS  ON  CHICAGO,  BURLINGTON  &  QUINCY  RAILROAD. 

In  response  to  a  request  for  the  results  of  tests  of  manganese  rail, 
Mr.  A.  W.  Newton,  Chief  Engineer,  forwarded  a  copy  of  a  report  of 
tests  which  he  made  under  date  of  June  26,  1912,  of  some  special  rails, 
among  them  being  some  manganese  rails.  This  report,  without  the 
diagrams,  is  copied  below : 

History. 

In  1909  the  question  of  value  of  certain  kinds  of  metal  for  the 
manufacture  of  rails  for  use  at  points  where  excessive  wear  occurs  was 
being  considered,  and  after  conference  with  a  representative  of  the 
Pennsylvania  Steel  Company,  it  was  decided  that  a  test  should  be  made. 
Vice-President  Willard  authorized  the  purchase  of  four  kinds  of  rail 
and  a  test  of  same  in  the  "Goose  Neck"  at  Kansas  City,  Mo.,  at  which 
point  ordinary  Bessemer  rail  only  gave  a  service  of  from  fourteen  to 
eighteen  months,  and  rails  were  generally  changed  out  in  from  nine  to 
ten  months  on  outside  of  curve. 

A  test  is  also  being  conducted  at  the  west  end  of  Plattsmouth 
Bridge  on  a  12-degree  curve  where  there  is  an  ascending  eastbound 
grade  and  -monthly  density  of  approximately  446,500  tons. 

Kinds  of  Rail. 

All  rail  was  standard  85-lb.  American  Society  of  Civil  Engineers 
section.  The  kinds  of  rail  purchased  for  this  test  and  their  chemical 
composition  are  as  follows: 


Kind  of  Rail. 

Heat  No. 

Carb. 

Phos. 

S-ulph. 

Man?. 

Nick. 

Chro. 

9435 
12455 
16428 
M5952 
M5953 
M5954 
M6958 

0.80 
0.72 
0.96 

.021 
.008 
.017 

.033 
.024 
.028 

0.74 
0.72 
0.59 

Chrome  Nickel,      "          " 

1.60 

0.60 

•Two  percent  Ferro-Titanium  alloy  added  in  ladlo. 
Cost  of  Rail. 

The    cost    of    these    rails    was    in    excess    of  thai     for    Standard    rail 

(which  is  $28.00  per  ton  Eor  Bi     en*  i  and  $30.00  for  Open  Hearth  steel) 
and  was  as  follows: 

Ferro  Titanium,   Open-Hearth. ..  .$  43.96  per  Gross    I  "ii 

Chrome    Nickel,    Open  Hearth....     52.00  p  Ton. 

High   Carbon,    Opcn-Hcarth 38.10  pi  ["on 

Manarci     10-H"  Ton 
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Location. 

The  location  of  rails  in  Kansas  City  "Goose  Neck"  is  on  a  double- 
track  reverse,  8  degrees  and  9  degrees  10  minutes  curve,  at  a  point  where 
eastbound  trains  are  on  ascending  and  westbound  trains  on  descending 
grade,  where  the  traffic  of  the  Burlington,  Alton,  Rock  Island  and 
Wabash  railroads  is  concentrated. 

The  rails  are  subjected  to  an  approximate  density  of  375,000  tons 
per  month  on  each  track  and,  having  been  in  service  over  2V2  years, 
they  have  been  subjected  to  a  service  of  at  least  11,250,000  tons. 

The  second  test  is  located,  as  stated  before,  at  west  end  of  Platts- 
mouth  Bridge  on  a  12-degree  curve,  and  rails  have  to  date  been  sub- 
jected to  a  density  of  traffic  amounting  to  approximately  8,483,500  tons. 
This  track  was  relaid  in  August,  1909,  with  Colorado  Fuel  &  Iron  Co.'s 
Open-Hearth  85-lb.  rails,  which  gave  a  service  of  15  months;  and  Besse- 
mer rail  used  prior  to  that  time  was  replaced  every  12  months. 

Examination  of  rails  just  completed  indicates  that,  while  those  in 
the  "Goose  Neck"  are  becoming  badly  worn,  they  may  still  be  left  in 
track  some  time  without  danger  to  traffic. 

The  rails  in  curve  at  Plattsmouth  Bridge  are  still  in  good  condition, 
and  the  time  when  replacement  will  be  necessary  is  indefinite,  although 
they  have  already  given  a  service  longer  than  the  Open-Hearth  rails 
preceding  same  and  one  and  one-half  times  that  of  Bessemer  rails 
which  were  formerly  used  there. 

Various  measurements  have  been  made  of  certain  rails  in  these  tests 
and  diagrams  are  attached  showing  condition  of  heads  and  per  cent, 
of  loss  by  wear  at  the  time  of  taking  measurements. 

A  summary  of  the  data  shown  on  these  diagrams  is  given  herewith : 

SUMMARY  OF  SERVICE  OF  TEST  85-LB.  RAIL. 
IN    GOOSE    NECK,    KANSAS    CITY. 


Metal. 

Make. 

Curve. 

Grade 

Percent  Loss  in  Head 
Area. 

Laid. 

9  Mo. 

18  Mo. 

22  Mo. 

29  Mo. 

C.F.&  I. 
C.F.&  I. 
P.S.Co. 
P.S.Co. 
P.S.Co. 

P.S.Co. 

8°  andl9°  10* 
do 
do 
do 
do 
do 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

19.4 

4.2 
5.3 
7.6 
2.5 

Prior     '09 

31.2 
7.8 
9.4 

13.3 
8  9 

'09 

Nickel,  Open-Hearth .  . . 
F.  Titanium,  Open-H... 
H.  Carbon,  Open-lf 
Manard    

11.0 
12.6 
16.8 

12.5 

13.7 
18.5 
17.5 
18.0 

Dec.      '09 

«         '09 

•09 

■         '09 

Tonnage  Density  in  Thousands 6750  13500     16500    21750 


\  r  pi  \  rrsMOU  in   r.KiucE. 


Make. 

Curve 

Grade 

Percent  Tx>ss  Head  Area. 

Metal. 

10  Mo. 

15  Mo. 

17  Mo. 

Laid 

Manard 

Ferro-Titanium,  Op.-H .  . . 
Nickel  Steel.  Op.-H 
Hifjh  Carbon,  Op.-H... 

Penn.  S.  Co. 

do 

do 

do 
C.  F.&I.C1. 

12° 
12* 

12° 
12° 
12" 

05 
0.5 
0.5 
0.5 

ii  .1 

4.8 
5.8 
4.7 
6.6 
5.4 

8.2 
9.8 
6  5 

Nov.     "10 
•10 
•10 
'10 

Open-Hearth 

9.5 

ii.9 

Prior     '10 

Tonnage  Density  in  Thousands . 


4465 


6698   7593 
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In  both  tests  conducted,  it  will  be  seen  that  the  nickel  steel  (Open- 
Hearth)  rails  show  least  wear,  the  per  cent,  of  wear  being  13.7  per  cent, 
for  29  months,  as  against  18.5  per  cent,  for  Ferro-Titanium  (Open- 
Hearth)  and  17.5  per  cent,  for  high  carbon  (Open-Hearth)   rails. 

Manard  rails  show  a  most  unexpected  decrease  in  sectional  area, 
in  one  case  amounting  to  8.2  per  cent,  for  17  months  and  18.0  per  cent, 
for  29  months.  Diagrams  show  the  extreme  distortion  occurring  to  the 
Manard  rails,  to  which  reference  will  be  made  under  rail  failures. 

Rail  Failures. 

In  the  test  in  "Goose  Neck"  at  Kansas  City,  138  rails  were  laid 
and  during  the  29  months  of  service  11  rails  have  failed  for  various 
causes. 

These  rails  were  classed  as  follows : 

Nickel    Steel    1 

Manard    2 

Ferro-Titanium   7 

High    Carbon    1 

One  high  carbon  rail  has  failed  in  test  at  Plattsmouth  Bridge, 
where  74  rails  were  laid.  Only  one  rail  showed  pronounced  defect,  it 
being  a  high  carbon  rail  laid  at  Plattsmouth  Bridge.  All  other  rails 
broke,  and  analyses  show  high  carbon  content  to  prevail. 

As  noted  before,  the  Manard  rails  show  a  decided  inclination 
toward  distortion  of  section,  and  this  was  particularly  the  case  on 
inside  of  curve.  Careful  examination  did  not  show  evidence  of  wear, 
so  that,  with  such  a  decided  decrease  in  head  area,  it  is  "concluded  the 
metal  was  compressed  into  a  more  dense  mass  by  the  loads  passing 
over  same.  Tests  of  rails  examined  showed  a  surface  hardness  of  45 
to  48,  while  interior  of  head  only  showed  25  to  30.  These  tests  seem 
to  confirm  the  conclusion  as  to  compression  of  metal   rather  than   wear. 

Observation  and  Conclusions. 

During  the  life  of  this  test  11  rails  have  been  taken  from  track 
because  of  failure — or  one  in  each  20  rails  laid. 

Chemical  analyses  of  these  rails  indicate  a  carbon  content  higher 
than  is  now  considered  good  practice,  as  rails  having  such  high  carbon 
fail  under  the  least  adverse  conditions. 

It  will  also  be  noted  that  analyses  of  six  of  these  failed  rails  show 
a  higher  carbon  content  than  original  report  of  manufacturer  indicated: 


kind  of  Hail 


Ciirlion  Content. 


( tpen  Heart  l>  Fei  >••  Titanium 

<  >pen-H<>.'irt.li  High  Carbon 

<  (pi-n-IIrnrtli  High  ( 'nrlmn 

Chrome  Nickel         

i  »i..n  Hearth  High  '  ferbon 

i  Inrome  Nickel      
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The  high  cost  of  Manard  rails  is  such  that,  with  service  obtained, 
they  can  hardly  be  considered  an  economical  proposition,  as  compared 
with  service  obtained  from   rails  of  other  chemical  composition. 

It  is  very  evident  that  their  use  on  lower  or  inside  rails  of  curves 
is  not  warranted,  as  thry  become  distorted  as  to  section.  On  outside  of 
curve  their  service  is  such  that  they  may  be  expected  to  give  as  long 
or  longer  life  than  any  other  of  the  kinds  of  rail  being  tested,  but  not 
sufficiently  increased  to  equal  the  great  increase  in  cost. 

So  far  as  tests  have  been  conducted,  they  indicate  that  carbon  con- 
tent alone  does  not  govern  per  cent,  of  wear,  as  rails  in  same  curve 
and  under  same  service  show  "a  variation  in  wear  which  cannot  be 
attributed  to  their  composition  alone. 

Other  chemical  contents  of  metal,  as  well  as  nature  of  traffic  over 
the  rail  and  local  physical  conditions  all  influence  amount  of  wear. 

Comparison  of  results  obtained  must  be  based  on  amount  of  service 
rail  will  carry.  From  the  tables  given  in  this  report  the  following  state- 
ment, based  on  freight  tonnage,  has  been  developed : 

PERCENT  OF  LOSS  IN  HEAD  WEAR  PER  MILLION  TONS. 


Make. 

Carbon 
Content. 

Kansas  City. 

Plattsmouth  Br. 

Kind. 

Percent 
of  Loss 
Head 
Area. 

Compar- 
ative 
Loss. 

Percent 
of  Loss 
Head 
Area. 

Compar- 
ative 
Loss. 

C.F.&  I. 
C.F.&  I. 
P.  S.  Co. 
P.  S.  Co. 
P.  S.  Co. 
P.  S.  Co. 

.48-  .58 
.58-  .68 

.72 

.80 

.96 

2.87 
2.31 
0.63 
0.85 
0.80 
0.83 

1.24 
1.00 
0.27 
0.37 
0.35 
0.36 

1.57 

0.86 
1.29 
1.48 
1.08 

1  00 

Chrome-Nickel,  Open-Hearth. 
Ferro-Titanium,  Open-Hearth. 
High  Carbon,  Open-Hearth.. . 

0.55 
0.82 
0.94 
0.69 

In  arriving  at  "Comparative  Loss,"  standard  Open-Hearth  rail  is 
used  as  a  basis  for  determination. 

The  test  conducted  at  Kansas  City,  which  covers  a  period  of  29 
months,  indicates  that  as  a  general  proposition,  with  increased  carbon 
content  comes  increased  life,  and  that  the  proportion  of  increase  is 
governed  by  the  secondary  conditions  noted  above. 

In  both  tests  the  steel  containing  chromium  and  nickel  shows  least 
percentage  of  loss,  and  yet  the  carbon  content  in  this  rail  is  less  than 
in  either  the   Ferro-Titanium   or   high-carbon   Open-Hearth. 

Having  the  comparative  wear  of  the  different  kinds  of  rail,  there 
remains  the  determination  of  comparative  values  of  such  rail,  based  on 
wear  and  cost,  and  the  following  table  has  been  developed  (again  using 
standard  Open-Ilearth  rail  as  a  basis)  : 
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ACTUAL  COST  AND  VALUE  OF  RAILS  BASED  ON  COMPARATIVE  WEAR. 


Kind. 


Bessemer 

Open-Hearth 

Chrome-Nickel,  Open-Hearth 
Ferro-Titanium,  Open-Hearth 
High  Carbon,  Open- Hearth . . . 
Manard 


Actual 
Cost. 


$  28.00 
30.00 
52.00 
43.96 
38.10 
104.10 


Comparative  Value  at 


Kansas  City. 


$  24.20 
30.00 
111  00 
81.08 
85.71 
83.33 


Plattsmouth  Bridge. 


I 


30.00 
54.54 
36.58 
31.92 
43.48 


The  "Comparative  Value"  of  the  various  kinds  of  rail  is  determined 
on  basis  of  comparative  wear  per  million  tons  of  freight  passing  over 
same. 

A  very  considerable  difference  is  noted  in  values  obtained  from  test 
at  Kansas  City  and  at  Plattsmouth  Bridge,  but  in  both  cases  the  nickel 
steel  shows  its  superiority  as  regards  wear.  At  prices  paid  and  con- 
siderable percentage  of  wear,  the  test  at  Kansas  City  shows  that  Manard 
rail  is  worth  only  $83.33  per  ton,  instead  of  $104.10,  the  amount  paid. 
The  other  three  kinds  of  special  rail  all  show  a  comparative  value  in 
excess  of  actual  cost. 

In  the  Plattsmouth  test  only  the  chrome-nickel  rail  shows  a  com- 
parative value  equal  to  or  greater  than  actual  cost. 

The  test  at  Plattsmouth  Bridge  does  not  indicate  as  great  an  in- 
creased service  over  standard  rail  as  does  the  one  at  Kansas  City.  The 
reason  for  this  is  not  plain,  but  continuance  of  test  at  former  place  may 
develop  results  that  will  more  nearly  correspond  with  those  just  com- 
pleted at  Kansas  City. 

The  test  as  made  shows  these  special  rails  have  given  an  increased 
service  equal  to,  •or  in  excess  of  their  increased  cost  over  standard 
Open-Hearth  rails,  and  that  the  use  of  special  rails  is  justified  in  the 
"Goose  Neck"  at  Kansas  City,  the  12-degree  curve  at  Plattsmouth,  or 
similar  localities  on  the  System. 

TEST    ON    CHICAGO,    MILWAUKEE    &    ST.    PAUL    RAILWAY. 
Information   furnished  by  C.   F.   Loweth,   Chief  Engineer. 

In  April,  1910,  the  8-degree  curve  on  the  westbound  track  approach- 
ing the  Mississippi  River  Bridge  at  Sabnla  was  laid  with  manganese  steel 
rail  of  85-lb.  American  Society  of  Civil  Engineers  section,  manufac- 
tured by  the  Pennsylvania  Steel  Compam  ;  this  rail  replacing  rail  of  the 
same  section  of  carbon  steel.  The  renewals  <>f  rail  on  this  track  ami 
on  the  corresponding  eastbound  track  have  been  at  intervals  of  one  to 
one  and  one-half  years.  A  fair  average  of  the  life  of  BesseflKC  rails 
on  this  curve  is  probably  one  and  one-half  years. 

The  higli  rail  is  still  in  track  (July,  1917),  but  the  low  rail  w.t- 
replaced  in  August,  i(Mo.  !,v  a  corresponding  lection  of  carbon  Bessemer 
rail;    the   high    rail    at    the    present    time   showing   a    life    >>f    seven    \<.u- 
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and  the  low  rail  at  the  time  of  removal  of  six  years.  Soon  after  this 
manganese  steel  rail  was  laid  some  difficulty  was  encountered  in  keeping 
it  in  satisfactory  line  and  surface,  as  a  number  of  kinks  developed, 
apparently  on  account  of  the  natural  unequal  bearing  which  rails  neces- 
sarily have  in  track.  The  manganese  rails  apparently  molded  themselves 
to  the  defective  bearing  instead  of  springing  back  to  straight  lines,  as 
ordinary  rails  do. 

As  time  went  on  these  faulty  conditions  increased,  being  more  pro- 
nounced on  the  low  rail,  but  at  the  same  time  the  rails  seemed  to  show 
little  wear  from  abrasion.  These  defects  became  so  bad  about  a  year 
ago  that  it  was  deemed  unsafe  to  retain  the  low  rail  in  track  any  longer, 
especially  as  it  began  to  show  considerable  battering  at  the  joints. 
None  of  these  rails  were  ever  taken  out  of  track  on  account  of  wear,  but 
a  number  of  them  for  other  reasons,  including  eight  which  were  removed 
on  account  of  cracks  developing  in  the  head.  These  cracks  were  vertical, 
extending  through  the  head  and  slightly  into  the  web  of  the  rail.  The 
rail,  however,  showed  considerable   distortion   from  the   original  section 


Fig.  1 — Sections  of  85-Lb.  Manganese  Steel  Rails  on  East  Approach 

of  Sabula  Bridge  on  8°  Curve.    Original  Sections 

Are  Shown  in  Dotted  Lines. 

Fig.  1  shows  copies  of  contour  cards  taken  November,  1915,  about 
Sl/2  years  after  the  rails  were  laid.  This  shows  the  deformation  from 
the  original  section,  especially  with  the  low  rail,  the  fishing  angle  being 
almost  at  right  angles  to  the  axis  of  the  rail.  The  annual  tonnage 
carried  by  this  rail  is  four  million  tons. 


TESTS  ON  DELAWARE,  LACKAWANNA  &  WESTERN 

RAILROAD. 

Information    furnished   by   G.   J.    Ray,    Chief   Engineer. 

In  the  fall  of  1912,  five  hundred  tons  of  101-lb.  rolled  manganese 
rail  were  secured,  manufactured  at  the  South  Works  of  the  Illinois 
Steel  Company,  for  use  on  some  of  the  sharp  curves  of  the  eastbound 
track,  one  and  a  half  per  cent,  grade,  down  the  Pocono  Mountains. 
This  purchase  was  made  on  the  strength  of  the  excellent  showing  made 
by  ten  85-lb.  rails  made  at  Passaic,  N.  J.,  and  tested  out  on  the  s..me 
track,  laid  in  1908. 
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After  the  manganese  rail  had  been  in  service  for  about  two  years, 
the  low  rail  on  some  of  the  sharpest  curves  showed  signs  of  flowing. 
This  flowing  was  not  by  the  formation  of  a  lip,  as  is  usually  the  case 
with  Bessemer  or  Open-Hearth  rail,  but  the  head  of  the  low  rail  dished 
slightly  and  the  entire  head  seemed  to  move  both  ways  from  the  center. 
With  a  view  of  getting  the  full  life  out  of  this  rail,  we  decided  to 
remove  the  low  rail  from  the  curves  in  question  and  lay  it  on  the  high 
side  of  other  curves,  laying  frictionless  rail  on  the  low  side. 

The  results  of  the  tests  of  various  rails,  including  manganese  rails, 
on  Cresco,  Paradise  Tunnel  Cut  and  Analomink  Curves,  are  given  in 
Table  2.  The  rail  indicated  as  "L.  B.  F.  T."  in  the  seventh  column  is 
Lackawanna  Bessemer  Ferro-Titanium.  "L.  O.  H.  S.  P."  is  for  Lacka- 
wanna Open-Hearth  Special  Premium.  This  was  a  high-carbon  rail, 
treated  with  Ferro-Titanium,  on  the  recommendation  of  the  manufac- 
turer that  the  rail  would  be  a  good  wearing  and  safe  rail.  This  rail 
proved  to  be  very  brittle  and  developed  transverse  fissures  and  longi- 
tudinal seams  in  the  head.  Exactly  the  same  thing  can  be  said  concern- 
ing the  Bethlehem  Open-Hearth  Special  Premium,  which  was  purchased 
under  similar  condition  from  the  Bethlehem  Steel  Company.  Mention 
should  also  be  made  of  the  fact  that  the  Bethlehem  Open-Hearth  91-lb. 
rail,  rolled  in  1908,  was  a  very  much  harder  rail  than  would  be  ex- 
pected from  the  analysis  shown  under  "Chemistry."  As  a  matter  of 
fact,  the  most  of  this  rail  averaged  above  .80  in  carbon,  as  the  analysis 
shown  in  the  table  is  in  all  cases  the  reported  analysis  at  the  time  of 
rolling  and  does  not  anywhere  near  represent  the  facts  with  respect 
to  the  Bethlehem  91-lb.  rail  rolled  in  1908.  This  rail  proved  to  be  a 
very  good  wearing  rail  on  account  of  the  high  carbon,  but  on  the  other 
hand,  so  many  transverse  fissures  developed  that  the  rail  had  to  be 
removed  from  service  before  it  was  worn  out.  Diagrams  showing  the 
wear  of  the  rail  in  the  several  tests  are  shown  in  Figs.  2,  3,  4  and  5. 
For  convenient  study,  the  results  of  the  several  tests  showing  the 
abrasion  of  the  high  rail  per  million  tons  of  traffic  are  given  below : 

HIGH    RAILS. 

Sq.  In.  Abrasion 

Curve.  Kind.                                                   per  Million  Tons. 

6°  Beth.  O.-H 0230 

6°  Lark.   Bess.   F.  T 0283 

6°  Lack.  O.-H.  Spec.  Prem 0274 

6°  Beth.  O.-H:  Spec.   Prem 0200 

6°  III.    Manganese    0035 

6°  111.    Manganese    0035 

Lack    o    II.  Spec.   Prem 0222 

6°  ill.  Mangan<  se     0034 

7°  Lack.  Bess 071S 

7°  Lick    O.-H     0583 

7"  Passaic  Manganese   011? 

7°  Beth    0   M      0275 
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TESTS   ON    NORFOLK   &   WESTERN   RAILWAY. 
Information  furnished  by  Chas.  S.  Churchill,  Assistant  to  President. 

Some  tests  of  manganese  rail  were  made  by  the  Norfolk  &  Western 
Railway  Company  between  the  dates  of  April  1,  1909,  and  September 
22,  1916,  on  curves  at  Glen  Lyn  and  Goodwin,  and  recently  the  tests 
had  to  be  terminated  on  account  of  track  changes  at  those  places.  The 
manganese  rail  were  furnished  by  the  Manganese  Steel  Company.  The 
first  lot  tested  at  Glen  Lyn  consisted  of  ten  rails  made  at  Passaic,  N.  J., 
and  six  of  these  were  removed  from  track  on  account  of  breaking. 
The  breakage  was  explained  as  due  to  improper  heat  treatment,  which 
was  later  corrected.  (In  the  manufacture  of  manganese  steel  rails  it 
is  necessary  to  quench  them  immediately  after  rolling,  while  still  hot,  and 
it  is  presumed  the  temperature  of  these  rails  was  too  low  or  too  irregu- 
lar when  quenched.) 

The  second  lot  tested  at  Goodwin  consisted  of  six  rails  made  at 
the  South  Works  of  the  Illinois  Steel  Company,  and  these  remained  in 
service  until  it  was  necessary  to  discontinue  the  test.  The  test  at  Glen 
Lyn  was  on  the  high  side  of  a  9-degree  curve,  eastbound  track,  mile 
post  340.2.  The  test  at  Goodwin  was  on  the  high  side  of  a  10-degree 
curve,  single  track,  mile  post  313.93. 

The  results  of  the  tests  are  shown  in  Table  3,  and  below  are  copied 
the  figures  showing  the  square  inches  abrasion  per  million  tons  of 
traffic  over  the  rails : 


Manganese  Rails 

Bessemer-Carnegie 

Open-Hearth  Bethlehem. 
Open-Hearth  Carnegie. . . 
Open-Hearth  Carnegie. . . 


Square  Inch  Abrasion. 

Ratio. 

Glen  Lyn. 

Goodwin. 

Glen  Lyn. 

Goodwin. 

.0039 
.0344 
.0006 
.0253 
.0100 

.0030 

.0084 
006B 
.0191 

1.0 
8.8 
2.5 
6.5 
2.6 

1.0 

a  § 

•2  3 
6.4 

It  will  be  noted  that  the  abrasion  was  considerably  greater  on  the 
carbon  steel  rails,  varying  from  2.3  times  in  one  lot  of  Open-Hearth 
rails  to  8.8  times  in  the  lot  of  Bessemer  rails. 

TESTS   ON  PENNSYLVANIA   RAILROAD. 

Information   furnished  by  A.  W.  Gibbs,  Chief   (Mechanical    Engineer  an  I 

Chairman  of  the   Pennsylvania    Railroad    System    Kail   Com 

raittee,    from    reports   made   October   31,    1916. 

Rolled  Manard  Rail. 

On   April   28,    1912,   about   -11    tons    (0.27    track    mil,.)    ,,t    100-lb. 
P.  S.  Manard  rails  were  laid   in  i  a  tward    freight   track   on  the   li 
shoe   Curve,   and   Open  Hearth   rail   was   laid   simultaneously,   adjoining 
it,  for  comparison.     The  Manard  rail  cost  $lM  oo  pei   ton.     In  Septem 
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ber,  1912,  the  Open-Hearth  was  replaced  with  new  Open-Hearth,  this 
latter  rail  remaining  in  track  until  January  7,  1913. 

The  Open-Hearth  rail  was  again  renewed  June  20,  1913,  and  both 
Open-Hearth  and  Manard  were  removed  October  15,  1913,  the  life  of 
the  Manard  being  17J4  months,  or  four  times  that  of  the  Open-Hearth. 

The  figures  below  give  the  average  abrasion  of  each  kind  of  rail : 


Manard. 

Open-Hearth. 

Date  of  Measurement 

Square  Inches. 

Percent  of  Head 
Abraded. 

Square  Inches. 

Percent  of  Head 
Abraded. 

October,  1912 

February,  1913 

June,  1913 

October,  1913 

0.08 
0.47 
0.63 
0.81 

1.9 

11.2 
15.0 
19.2 

0.52 
1  25 
2.11 
3.11 

12.4 
29.8 
50.1 
74.0 

There  were  three  failures  of  the  Manard  rail  out  of  a  total  of  84 
rails  laid,  two  consisting  of  transverse  fractures  through  the  head  and 
about  two- thirds  of  the  web  and  one  by  split  head. 

On  January  26,  1914,  about  0.27  track  miles  of  Manard  rail  was 
laid  in  the  eastward  freight  track  on  the  Horseshoe  Curve  in  com- 
parison with  ordinary  Open-Hearth  rail.  It  was  removed  November  9, 
1915,  the  abrasion  being  as  follows: 

Abrasion.  Manard.  Open-Hearth. 

Total  area — sq.  in 0.74  4.13 

Per  year  of  service 0.42  2.35 

Per  ten  million  tons  of  traffic 0.07  0.41 

On  the  Middle  Division,  in  1914,  0.40  track  miles  of  Manard  rail 
was  laid,  as  follows : 

Date.  Miles.                  Track.                     Location.  Curve. 

Jan.   14  0.16  Ewd.  Pass.  W.  of  Barree                    6° 

Jan.  26  0.19  Ewd.  Pass.  &  Frt.  E.  of  Tyrone  Forge        6° 

May    1  0.05  Ewd.  Pass.  &  Frt.  W.  of  Shoenberger          6° 

This  rail  is  still  in  track  and  the  stretches  west  of  Barree  and  east  of 
Tyrone  Ford  now  show  wear  as  follows  : 

Per  Cent. 

Deg.       of  Head  Service  Life  of 

Location.  of  Curve.  Abraded.  to  Date.  Ordinary  Rail. 

Barree    6°  8.44  33  mos.  14  mos. 

Tyrone  Forge   6°  10.39  33  mos.  18  bum, 

Of  the  0.94  track  miles  of  Manard  rail  in  track  there  have  been  4() 
failures,  of  which  28  were  transverse  fractures  through  the  head  and 

a  portion  of  the  web,  6  were  split  head  and  6  Split  web.  In  no  Case  wa- 
t!ie  rail  broken  through.  Forty  failures  in  0  (>4  track  miles  in  an 
average  life  of  31'  years  amounts  to  1.216  failures  per  year  per  100 
miles  of  track,  as  compared  with  an  avera]  failures  for  all  rail 

"ii    the  P.   P.    R.   On   the   same   basis. 
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A  comparison  of    failures  per   100  track  miles  of   Manard  rail  with 

those  of  ordinary   Open-Hearth    1913   100-lh.  P.    S.   rails  shows  the    fol- 
lowing : 

Failures  per  100  Track  Miles.  Position  in  Ingot. 

Head.    Web.    Base.  Broken.  A.            B.       L/3.  *Total. 

Manard    639        639        ..        2977  2127        1488        74        4255 

Ordinary  O.-H...  31          27          2           28  23            16        12           88 

♦Failures  in  lower  positions  divided  by  3  to  show  approximate  num- 
ber in  each  position. 

The  annual  cost  per  ton  of  Open-Hearth  rail  at  $30,  lasting  one  year, 
is  $28,  and  Manard  at  $94,  lasting  four  years,  is  $27.  It  would  there- 
fore be  economical  to  use  Manard  rail  on  sharp  curves  under  heavy 
traffic  where  ordinary  Open-Hearth  rail  lasts  one  year  or  less,  but  not 
elsewhere.  In  this  comparison  failures  are  not  taken  into  account.  If 
they  are  considered,  the  cost  of  the  Manard  rail  per  ton  per  year  would 
be  increased  about  $3,  and  with  such  a  failure  rate,  would  be  economical 
only  at  locations   where  ordinary  Open-Hearth   wears   out  in  8  months. 

Rolled  Manganese  Rail. 

In  October,  1915,  104  tons  of  manganese  100-lb.  P.  S.  rail  was  pur- 
chased from  the  Manganese  Steel  Rail  Company  at  $80.00  per  ton,  with 
an  additional  charge  for  bond  holes  of  25  cents  each  and  freight  to 
Pittsburgh  of  $2.94  per  ton.  The  specified  composition  was  carbon, 
0.95  to  1.35;  manganese,  10.50  to  15.00;  phosphorus,  not  over  0.10. 

0.46  track  miles  was  laid  in  the  eastward  freight  track  on  the 
Horseshoe  Curve  November  9,  1915,  and  0.15  track  miles  in  the  south- 
ward track  on  Shaw  Run  Curve,  Bellwood  Division,  May  31,  1916. 

In  both  cases  the  manganese  rail  was  laid  entirely  around  the 
curve  as  a  measure  of  economy,  so  that  no  direct  comparison  with 
ordinary  rail  is  available;  records  of  wear  on  both  curves  are  being 
kept,  however. 

The  abrasion  of  the  rail  on  the  Horseshoe  after  one  year's  service 
was  0.34  sq.  in.  or  0.09  sq.  in.  per  10  million  tons  traffic,  as  compared 
with  0.07  sq.  in.  per  10  million  tons  traffic  for  the  Manard  rail,  which 
was  in  the  same  track  from  January  26,  1914,  to  November  9,  1915. 

One  failure  has  occurred  in  the  manganese  rail — a  broken  rail 
from  "A"  position  in  ingot. 

.      TEST  ON  PITTSBURGH  &  LAKE  ERIE  RAILROAD. 

Under  date  of  August  1,  1917,  Mr.  J.  A.  Atwood,  Chief  Engineer, 
furnished  the  following  information  concerning  manganese  rails  tested 
on  the  Pittsburgh  &  Lake  Eric  Railroad  : 

We  have  86  tons  of  manganese  rails  in  use  on  10-degree  curve  at 
Belle  Vernon  Junction  on  our  road.  These  manganese  rails  were  placed 
in  November  and  December,  1913,  and  March,  1914.  They  have  been 
in  continuous  use  since  and  show  very  little  wear.  Ordinary  rails 
wear  out  entirely  after  3  to  18  months'  wear. 
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We  have  taken  out  one  broken  rail,  but  immediately  replaced  it 
after  we  had  it  drilled  and  applied  angle  bars. 

Recently  we  have  taken  out  six  other  rails  which  show  cracks ; 
some  of  them  almost  entirely  through  the  rails.  We  intend  to  have 
these  rails  drilled  and  angle  bars  applied  and  the  rails  replaced. 

CONCLUSIONS. 

The  following  are  probably  the  conclusions  that  may  be  drawn 
from  the  various  tests  described  above  as  made  on  a  number  of  roads : 

1.  Manganese  steel  rails  abrade  much  slower  than  Bessemer  or 
Open-Hearth  steel  rails  on  sharp  curves.  On  curves  of  8  or  9  degrees, 
the  abrasion  of  the  high  rail  per  million  tons  of  traffic,  as  gathered 
from  the  above  reports,  may  be  taken  very  roughly,  as  follows :  Man- 
ganese, .004  sq.  in. ;  Open-Hearth,  .012  sq.  in. ;  Bessemer,  0.20  sq.  in. 
In  other  words,  the  abrasion  of  Open-Hearth  rails  is  about  three  times 
that  of  the  manganese  rails,  and  the  abrasion  of  the  Bessemer  rails 
is  about  five  times.  The  results,  however,  vary  considerably  and  are 
probably  dependent  upon  the  nature  of  the  rolling  equipment  as  well 
as  the  tonnage.  We  also  have  no  information  as  to  relation  between 
the  abrasion  and  degree  of  curvature. 

2.  Manganese  steel  rails  become  distorted  by  spreading  and  droop- 
ing of  the  head  more  easily  than  Open-Hearth  rails,  and  apparently, 
also,  than  Bessemer  rails,  explained  presumably  by  the  low  elastic  limit 
of  manganese  steel. 

3.  The  failures  or  breakages  of  manganese  rail  were  extremely 
high  and  seemed  to  consist  mostly  of  transverse  cracks  in  the  head, 
starting  from  the  surface,  resulting  finally  in  pieces  of  the  head  breaking 
out.  The  manufacturers  explain  these  failures  as  due  to  faulty  manipu- 
lation in  the  early  manufacture  of  manganese  rails,  which  has  since 
been  remedied.  Immediately  after  rolling,  while  still  very  hot,  it  is 
necessary  to  quench  the  *fcails  in  water,  which  operation  was  not  at 
first  handled   in  an  entirely  satisfactory  manner. 


THE  RAIL  FAILURE  SITUATION. 

Discussion  by  C.  W.  Gennet,  Jr.,  of  M.  H.  Wickhorst's   Paper 
Printed  in  Bulletin   195,  March,  1917. 

Mr.  Wickhorst's  paper,  entitled  "The  Rail  Failure  Situation,"  com- 
prises an  interesting  summary  of  the  principal  classes  of  failed  rails. 
It  is  also  important  because  of  the  remedies  which  the  author  suggests 
for  the  causes  of  the  different  types  of  failures  discussed.  It  would  be 
surprising,  however,  if,  with  so  broad  a  subject,  some  disagreement  with 
the  author's  ideas  and  suggestions  did  not  result,  and  I  venture  to  direct 
attention,  first,  to  the  class  of  failures  described  as  "Broken  Rails,"  and 
second,  to  some  matters  under  the  general  heading  of  "Remedies." 

In  Mr.  Wickhorst's  opinion,  "broken  rails,"  i.  e.,  those  failures  show- 
ing a  vertical  or  angular  fracture  throughout  the  section,  are  intimately 
associated  with  seams  existing  in  the  base  of  the  rails.  While  such  a 
condition  is  without  question  a  common  one,  still  it  is  entirely  too  gen- 
eral an  explanation  and  certainly  fails  to  account  for  a  great  many  fail- 
ures in  rails,  the  bases  of  which  are  free  of  seams.  "Broken  rails"  are 
sometimes  hard  to  detect  from  others  whose  ultimate  failure  is  due,  as 
Mr.  Wickhorst  saj-s,  to  a  piece  of  flange  breaking  out.  Therefore,  con- 
fusion of  two  different  kinds  of  square  or  angular  cross-section  breaks 
easily  results,  and  records  showing  the  number  of  "broken  rails"  are 
probably  the  most  inaccurate  of  any  of  the  types  usually  reported.  But 
ascribing  "broken  rails"  as  generally  due  to  seams  eliminates  entirely 
any  consideration  of  brittle  metal,  that  is,  steel  lacking  in  sufficient  duc- 
tility. The  very  essence  of  good  steel  making  requires  a  certain  purifica- 
tion of  the  molten  metal  from  various  impurities,  which,  if  present  in 
finished  rails  to  any  great  extent,  would  invite,  without  doubt,  wholesale 
failures  quite  distinct  in  every-  way  from  those  associated  with  moon- 
shaped  breaks.  Likewise,  the  heat  treatment  that  the  ingots  and  rails  re- 
ceive is  recognized  as  among  the  most  important  matters  of  manufacture 
and  have  a  decided  bearing  on  the  number  of  failures  in  service.  In  fact, 
good  steel,  whether  it  be  from  an  open-hearth  furnace  or  a  converter, 
and  its  subsequent  proper  treatment  in  the  soaking  pits  and  rolling  mill 
are  fundamental  necessities  to  insure  against  brittleness.  And  certainly 
the  quality  in  steel  called  brittleness  has  no  more  relation  to  seams,  per  se, 
than  has  the  question  of  how  many  ingots  comprised  the  heat. 

Under  the  heading  of  "Remedies,"  Mr.  Wickhorst  gives  the  minimum 
amounts  of  deoxidizers  which  should  be  added  to  molten  steel  in  order 
that  their  full  influence  may  be  attained  and  a  dead  or  quiet  setting  steel 
result.  Thus,  it  might  be  inferred  that  simply  by  specifying  the  addition 
of  these  amounts  of  silicon  or  titanium  or  aluminum,  wild  steel  would  be 
avoided  and  the  interior  segregation  of  ingots  greatly  reduced,  if  not 
practically  eliminated.     Such  is  not  the  case  at  all.     Different  conditions 
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of  furnace  charges  and  furnace  working  exert  a  tremendous  influence  on 
the  character  of  the  metal  comprising  the  bath,  so  that  different  heats 
are  widely  different  in  their  characteristics,  and  with  the  result  that 
variable  amounts  of  deoxidizers  are  necessary  to  produce  the  quiet  setting 
steel  desired  in  the  molds.  Raised  or  boiled  top  ingots  are  indicative  of 
blow  holes  resulting  in  what  can  be  termed  physical  unsoundness,  and 
while  considerable  segregation  is  no  doubt  generally  present  in  such 
cases,  still  it  is  questionable  whether  it  is  materially  minimized  by  the 
use  of  so  much  deoxidizer  as  to  make  dead  steel  and  flat  top  ingots.  It 
would  seem  decidedly  imprudent,  therefore,  in  the  light  of  present  knowl- 
edge, to  suggest  the  amount  of  deoxidizer  that  should  be  added,  especially 
when  other  conditions,  as  for  example,  temperature,  plays  so  prominent 
a  part. 

The  adoption  of  a  uniform  top  discard  of  25  or  30  per  cent,  from  the 
ingots,  or  making  the  ingots  by  a  "hot  top"  process  is  suggested  as  the 
two  courses  open  to  reasonably  insure  against  "harmful"  segregation  be- 
ing present  in  rails.  What  is  "harmful"  segregation,  or,  in  other  words, 
how  much  segregation  can  be  present  without  split  heads,  and  their  ac- 
companiments, resulting?  As  far  as  known  this  important  question  has 
not  been  settled  except  in  a  general  way  by  the  Pennsylvania  Railroad 
experiments  made  mostly,  if  not  entirely,  on  failed  rails.  Whether 
"harmful"  segregation  is  wholly  that  which  occurs  in  masses,  or  whether 
finely  divided  and  distributed  increased  amounts  of  carbon  and  phos- 
phorus is  the  more  detrimental  in  the  long  run  can  only  be  answered  at 
present  by  speculation  and  guess-work. 

The  nick  and  break  test  on  each  ingot  was  designed  for  the  express 
purpose  of  avoiding  a  uniform  top  discard  of  25  to  30  per  cent,  in  order 
to  insure  sound  rails,  and  it  is  manifestly  unjust  now  to  ascribe  that 
amount  of  uniform  top  discard  as  necessary.  The  admission  of  such 
necessity  means  that  in  almost  ten  years  of  work  by  the  Rail  Committee 
no  particular  progress  has  been  made,  either  in  testing  rails  or  in  other- 
wise obtaining  results  toward  a  cure  of  the  source  of  greatest  rail 
trouble.  It  is  just  ten  years  since  the  same  question  was  discussed  by 
the  American  Railway  Association  and  by  Mr.  William  Metcalf,  than 
whom  no  greater  steel  metallurgist  ever  lived,  suggested  considering 
each  ingot  as  a  unit  by  itself,  and,  instead  of  making  an  extreme 
and  uniform  amount  of  top  discard,  in  many  instances  of  obviously  good 
metal,  of  making  a  nick  and  break  test  on  the  top  end  of  the  top  rail 
of  each  ingot  for  the  purpose  of  proving  or  disproving  its  freedom  from 
interior  defects.  Under  such  a  method  of  testing  the  amount  of  top  dis- 
card to  insure  sound  rails  is  greatly  reduced  from  the  uniform  25  or  30 
per  cent,  mentioned,  and  becomes  entirely  dependent  upon  the  skill  of 
the  manufacturer.  Over  50,000  tons  of  rail  were  rolled  and  tested  at  one 
mill  in  1915  under  the  plan  proposed  by  Mr.  Medal f.  all  with  such 
eminent  success  in  every  detail  that  the  practicability  of  the  plan  is  well 
proven.  The  specifications  for  the  nick  and  break  tesl  on  each  ingot 
and   the   results   obtained    with    it    have   been   thoroughly   described    in   an 
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A.  R.  E.  A.  Bulletin,  and  if  further  recognition  of  the  facts  therein  cov- 
ered are  lacking  it  would  seem  as  if  the  matter  should  be  more  com- 
pletely investigated  rather  than  totally  abandoned.  It  can  only  be  re- 
gretted that  after  ten  years'  work  on  rails  the  value  of  the  nick  and  break 
test  is  so  lightly  considered  as  to  not  deserve  mention  at  all  in  Mr. 
Wickhorst's  paper. 

Author's  Closure. — Mr.  Gennet's  comments  are  an  amplification  of 
my  paper,  rather  than  a  criticism,  and  to  a  large  extent  I  endorse  his 
remarks.  As  regards  the  amount  of  deoxidizer  used,  the  figures  given  in 
the  original  paper  were  based  upon  the  results  of  extensive  experiments 
reported  to  the  Association  at  different  times  and  show  about  the  "order 
of  magnitude"  of  the  amount  required  of  the  several  deoxidizers,  which 
may,  indeed,  vary  somewhat  under  different  conditions. 

The  term  "brittleness"  is  one  that  describes  a  condition  or  symptom 
rather  than  a  cause;  that  is,  after  finding  a  condition  of  brittleness  or 
lack  of  ductility,  the  cause  is  still  to  be  looked  for,  before  a  remedy  can 
be  effected.  Where  a  rail  is  brittle  in  the  drop  test  or  other  bending 
test,  an  examination  of  the  fracture  shows  that  the  initial  point  of  the 
break  is  usually  in  the  interior  of  the  rail  and  not  at  the  surface  of 
the  section  where  the  fibers  are  stretched  most.  That  is,  brittleness 
is  an  interior  condition  of  the  rail,  rather  than  a  surface  condition. 

As  regards  top  discard  from  the  ingot,  it  is  immaterial,  as  an  ab- 
stract principle,  whether  any  discard  is  made,  so  long  as  the  proper  quali- 
ties are  produced  in  the  rails,  but  it  is  also  probably  true  that  a  large 
top  discard  is  necessary  from  rail  ingots  as  ordinarily  made,  to  produce 
rails  satisfactory  for  heavy  service. 

With  Mr.  Gennet,  I  look  favorably  on  the  nick  and  break  test  on 
every  ingot  and  rather  feel  that  the  art  of  testing  will  proceed  to  the 
point  where  a  full  destruction  test  will  be  made  of  a  sample  representing 
each  ingot,  by  the  drop  test,  or  preferably  by  some  quicker  method;  for 
example,  the  hydraulic  bender. 


Appendix  G. 

INHIBITED  OR  DELAYED  TRANSFORMATIONS  IN 
RAIL  HEADS. 

ASSOCIATED   WITH   TWO    OR   MORE   CONDITIONS    OF   THE 
STEEL,  INDICATED  BY  CORES  OR  ZONES. 

By  Dr.  P.  H.  Dudley, 
Consulting  Engineer,  New  York  Central  Lines. 

I  mentioned  cores  and  gave  one  illustration  in  "Report  No.  59  to 
Rail  Committee,"  American  Railway  Engineering  Association,  November, 
1916.  The  zones  have  been  disclosed  in  the  individual  work  of  cutting 
and  breaking  into  small  fragments  the  drop  test  pieces  of  the  heads  of 
rails  in  which  interior  transverse  fissures  of  rails  have  developed  in  the 
track. 

I  have  not  found  in  any  of  the  numerous  publications  on  metallog- 
raphy or  those  on  steel,  a  word  in  reference  to  the  practical  difficulties 
the  steel  for  rails  must  undergo  on  the  hot  beds  to  complete  all  of  the 
complex  transformations  as  rolled  from  the  hot  set  ingots  through  the 
critical  range  of  temperatures  for  Austenite,  and  cool  through  those  for 
Martensite,  Troostite,  Sorbite  and  Pearlite  on  the  hot  beds. 

Troosite  and  Sorbite  while  minor,  yet  essential  transformations  in  the 
rail  steel,  have  less  ductility  than  Pearlite  and  increase  in  volume  during 
transformation  to  Pearlite.  Therefore,  when  traces  of  either  Troostite 
or  Sorbite  remain  as  a  core  or  in  a  zone  in  the  interior  of  the  surround- 
ing envelope  of  Pearlite,  which  has  transformed  and  expanded,  the  core 
or  zone  may  be  under  sufficient  initial  strain  to  become  physically  non- 
ductile  metal,  as  is  found  to  be  the  case  in  rail  heads. 

When  the  normal  chemical  composition  for  rail  is  above  the  eutectic, 
I  i  nil  utile  will  be  precipitated  as  the  metal  recalesces  with  loss  o!"  duc- 
tility in  the  steel. 

Austenite  is  the  designation  for  the  condition  of  the  metal  as  Gamma 
iron  at  a  temperature  of  about  900°  C,  in  which  the  carbon  is  in  solu- 
tion,  but  the  steel  as  Austenite  cannot  be  held  by  quenching  in  the  car- 
bon content  for  rails.  The  metal  requires  from  1.10  to  1.80  carbon  and 
then  quenched  at  1000°  C. 

Austenite  is   secured   in   Manganese   rails  with  a  carbon   content    o 
1.00  to  1.35  and  10  to  14  per  cent,  manganese  to  cause  a  lag  in  the  trans- 
formations   and    then    quenched    at    about    1000°    C.      It   can   l>r   scratched. 
yet  it  is  so  tough  that  it  cannot  be  drilled  and  is  abraded  slowly,  though 
readily  deformed  on  account  of  its  low  elastic  limit. 

Rail   steel   can   he  quenched   at    a   proper   temperature   and   held   as 
Martensite,  and  then  tempered  Fpr  Troostite  or  Sorbite,  or  lower, 
one  texture—  the  basis  of  beat  treatment  lot  nils. 
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The  transformation  in  steel  from  Austenite  to  Martensite  is  so  in- 
stantaneous and  complete,  a  general  impression  prevails  that  the  other 
three  transformations  in  rail  steel  on  the  hot  beds  to  Pearlite,  must  be 
equally  as  complete.  This  may  have  been  found  true  in  laboratory  speci- 
mens of  small  forged  or  rolled  bars  of  similar  carbon  steels,  but  it  is 
not  found  true  in  the  head  of  an  occasional  rail  as  it  cools  upon  the 
hot  beds,  for  something  has  inhibited  the  transformations,  as  are  now 
found  to  be  the  fact. 

The  hot  open-hearth  steel  is  rolled  in  bars  of  3  to  5  rail  lengths  and, 
when  sawed,  each  rail  goes  through  the  cambering  machine,  which  curves 
the  head  around  the  base  to  induce  them  to  cool  low  or  nearly  straight 
on  the  hot  bed.  The  rails  do  not  cool  as  intended,  for  some  leave  the 
hot  beds  low,  in  irregular  curves,  with  side  sweeps,  while  others  are 
high,  and  some  are  low  on  one  end  and  high  upon  the  other.  The  hot 
bed  work  at  present  does  not  receive  the  attention  basic  open-hearth  rails 
require. 

The  sections  of  present  rails  have  from  8  to  13  square  inches  of 
metal,  and  even  when  distributed  in  equal  weight  for  the  base  and  head, 
the  latter  from  its  form,  is  more  massive,  while  the  base  of  any  section 
is  the  first  to  start  recalescence  on  the  hot  beds.  This  causes  the  base 
to  expand  and  curve  around  the  head,  which  straightens  the  rail,  and 
continues  to  curve  until  the  rail  is  low  upon  the  hot  bed,  then  the  head 
undergoes  the  effect  of  its  recalescence,  restraightens  the  rail  and  con- 
tinues to  curve  around  the  base,  more  than  the  original  camber. 

The  cooling  of  the  rails  on  the  hot  beds  takes  from  30  to  35  minutes, 
while  the  distinct  recalescence  of  the  base  and  then  of  the  had,  occupies 
from  6  to  15  minutes,  and  produces  movements  back  and  forth  for  the 
entire  rail  length,  causing  irregular  spacing  of  the  rails.  (See  Table 
No.  1.) 

Something  in  this  period  of  cooling  and  decalescence  may  inhibit  or 
delay  the  requisite  transformations  in — 

First,  an  occasional  cold  rolled  rail  head. 

Second,  in  an  occasional  rail  head  which  contains  traces  of  slag 
inclusions. 

These  two  causes  have  been  found  to  inhibit  the  transformations  on 
the  hot  beds  so  far  in  the  investigations,  and  others  may  be  disclosed  as 
the  research  proceeds. 

These  inhibited  or  delayed  transformations  cause  a  loss  of  ductility 
of  the  metal  in  the  interior  of  the  head,  which  may  be  located  in  some 
rail  heads  in  almost  a  continuous  longitudinal  line  near  the  central  por- 
tion, while  in  others  it  may  only  be  in  a  core  nearer  the  outside,  and  then 
change  to  the  other  side  in  a  few  inches.  This  seems  to  depend  upon 
the  practice  of  turning  the  rails  on  the  hot  beds. 

The  rail  heads  in  which  interior  transverse  fissures  have  developed 
in  the  track  after  two  to  six  years  of  service  are  now  tested  under  a  drop 
for  brittleness  or  ductility.     Brittle  pieces  of   rail  heads   on  being  par- 
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tially  cut  by  a  hack  saw  and  the  interior  broken  as  a  transverse,  or  split 
as  a  longitudinal  section,  often  disclose  cores  or  zones  in  the  metal  of  a 
different  macroscopic  and  microscopic  appearance  from  that  of  its  sur- 
rounding steel. 

The  zones  are  sometimes  Y%  to  Y%  of  an  inch  wide,  and  three-fourths 
of  the  width  of  the  interior  portion  of  the  rail  head. 

These  cores,  due  to  initial  strains,  with  the  enclosing  metal,  may 
become  in  effect,  physically  non-ductile  or  heterogeneous  metal  in  the 
rail  heads,  as  stated  in  my  first  descriptions.  These  zones  are  sometimes 
associated  with  striated  longiiudinal  layers  of  more  than  the  average 
phosphorus  of  0.02  or  0.03  content  and  minute  inclusions  of  slag.  Such 
layers  have  been  found  in  the  nuclei  of  both  the  Intergranular  and 
Coalescent  types  of  transverse  fissures,  and  appear  in  etchings  or  sulphur 
prints  as  a  white  band  in  the  rail  heads.  This  tentative  description  will 
doubtless  require  elaboration  and  revision  as  the  investigation  proceeds. 

The  entrained  slag  in  small  globules  in  the  ingots,  is  extended  20  or 
more  times  in  length  in  the  rail  heads  and  is  due  to  the  reactions  of  the 
metal  in  the  ladle  where  the  time  allowed  was  too  short  for  the  slag  to 
collect  in  masses,  and  escape  from  the  bath  before  the  steel  was  teemed 
into  the  ingot  molds.  The  molten  steel  after  being  recarburized  or  resili- 
conized,  should  stand  at  least  ten  minutes  before  teeming  the  ingots,  to 
permit  the  reactions  in  the  steel  to  complete  themselves  and  the  slag 
escape. 

These  white  bands  seem  to  be  due  to  checking  the  falling  tempera- 
tures of  a  small  zone  of  interior  molten  metal  in  the  ingots  when  they 
are  charged  into  the  reheating  furnaces.  This  permits  a  short  period  of 
selective  freezing  to  occur  in  the  zone  before  setting,  and  the  initial  heat 
equalized  for  blooming  and  rolling.  These  white  bands  have  not  been 
found  in  rail  heads  of  ingots  properly  treated  with  0.1  per  cent,  of  me- 
tallic titanium,  which  causes  a  quiet  and  rapid  setting  of  the  steel. 

The  ingots  for  rail  steel  must  be  stripped  and  charged  into  the  re- 
heating furnace  before  the  interior  metal  has  set  sufficiently  to  form  a 
shrinkage  cavity  and  pipe  below  the  usual  discard. 

The  recent  work  on  these  cores  or  zones  in  the  metal,  is  to  take 
pieces  of  the  rail  heads  in  which  they  arc  included,  and  heat  them  in  an 
electric  furnace  to  910°  C,  for  25  or  more  minutes,  and  then  cool  in  tin- 
air  to  simulate  hot  bed  conditions. 

One  piece,  No.  268-1-A-B,  L.,  rolled  12-29-10,  Heat  No.  3811,  '!  V 
fail,  which  had  been  sawed  and  broken  transversely  and  raised  to  910 "  C, 
for  25  minutes  and  cooled  in  the  air,  the  core  of  the  characteristic  texture 
of  the  nuclei  of  the  Intergranular  type  of  interior  transverse  fissure,  did 
not  complete  its  transformation,  while  its  surrounding  steel  was  co 
in  texture    a  more  advanced  degree  of  transformation. 

A  second  pie,,  No.  274-1-1-:,  rolled  1111  10,  Heat  No.  20584,  "IT 
rail,  of  another  brand,  was  put  into  the  electric  furnace  and  raised  t'- 
910°  C,  then  maintained  for  40  minutes  and  the  specimen  cooled  in  the 
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air  between  two  similar  hot  rail  heads  of  the  same  temperature.  It  re- 
quired 13  minutes  for  the  metal  to  lose  its  red  color. 

The  dimensions  of  the  core  were  reduced  in  spots,  but  not  completely 
effaced.  Some  of  the  distinctive  texture  persisted  in  places.  The  longer 
time  of  heating  and  cooling  was  effective  to  produce  transformations  in 
portions  of  the  core. 

This  procedure  has  been  applied  to  many  other  specimens  with  like 
results.  Heating  and  cooling  curves  on  numerous  specimens  of  cold- 
rolled  rails  and  those  containing  slag  inclusions  all  show  inhibited  or 
delayed  transformations. 

Two  different  rails  from  the  same  melt  of  steel  in  which  interior 
transverse  fissures  of  the  Intergranular  type  developed  in  the  track,  the 
nuclei  were  well  defined  crystals  or  grains  as  checked  between  them  by 
the  gag,  while  the  growth  of  the  fissure  from  the  checked  periphery  of 
the  nuclei  was  through  the  grains. 

This  feature  of  the  checked  nuclei  between  the  grains  before  the 
fissure  starts  to  develop  from  its  periphery,  distinguishes  it  from  the 
so-called  "fatigue  fracture"  produced  by  gagging  beyond  the  elastic 
limits  of  the  steel,  along  the  length  of  the  rail,  first  on  the  base,  and 
then  on  the  head  or  vice  versa.  Associated  in  the  metal  of  the  heads  of 
the  two  rails  in  which  sharply  defined  crystals  were  found  in  the  nuclei 
of  the  fissures,  were  single  or  groups,  of  two  or  more  crystals  interspersed 
in  a  small  central  area  of  the  head,  and  a  few  at  the  junction  of  the  head 
and  web. 

This  suggests  the  queries :  What  were  the  conditions  in  the  metal 
and  of  the  heating  of  the  ingots  which  would  germinate  single  crystals 
or  groups  of  two  or  more,  in  the  hot  set  steel?  Why  was  not  the  entire 
mass  of  the  metal  affected  at  the  same  time?  The  other  rail  from  the 
same  melt,  the  crystals  near  the  junction  of  the  head  and  web  were  heat 
tinted  in  what  was  a  slight  longitudinal  check  in  the  metal. 

These  observations  of  facts  in  the  manufacture  of  rails  are  important 
to  be  noted. 

60-Inch  Supports  in  the  Straightening  Presses. 

Comparative  tests  of  the  pressure  on  my  105-lb.  rail  on  42  and  60 
inch  supports,  were  about  50,000  lbs.  less  for  the  longer  span,  with  a 
reduction  of  the  shearing  stresses  over  the  supports. 

One  mill  has  used  a  press  with  60-inch  supports  for  several  months 
and  like  it  so  much  that  a  second  press  with  similar  supports  has  been 
constructed.  Another  mill  has  tried  54-inch  supports  on  two  presses,  and 
expect  to  go  to  60-inch  supports  for  heavy  sections.  The  supports  will 
be  made  adjustable  for  both  heavy  and  light  sections,  for  the  tonnage 
of  such  rails  is  still  an  important  item  in  manufacture. 

Experience  and  Co-operation. 
The   Manufacturers   and  the   Railroad   Companies   have  had   several 
years'  experience  with  basic  open-hearth  steel   rails  to   replace  those  of 


DELAYED  TRANSFORMATIONS.  497 

Bessemer  of  0.10  phosphorus.  The  breakages  of  open-hearth  rails  are 
several  times  less  than  Bessemer  in  the  latitudes  where  cold  winters  occur. 

It  is  the  conclusion  of  some  Manufacturers,  as  well  as  the  Railroad 
Companies,  that  the  small  percentage  of  interior  transverse  fissures  in 
open-hearth  rails,  is  still  too  large,  and  must  be  eliminated. 

The  function  of  the  rail  as  a  girder  in  manufacture,  as  well  as  in 
service  in  the  track,  is  being  recognized,  and  manufacturers  who  once 
recommended  about  1  per  cent,  of  carbon  as  the  upper  limit  for  wear, 
no  longer  do  so,  and  Engineers  who  still  wish  chemical  compositions  in 
rails  which  will  precipitate  Cementite  on  cooling,  are  advised  that  such 
practice  is  no  longer  desirable. 

The  New  York  Central  Lines,  to  check  the  rapid  deformation  of  the 
rail  heads  by  the  contours  of  the  present  cast  iron  wheels,  have  returned 
to  a  contour  of  1  in  38  for  the  full  width  of  the  tread,  except  a  ^-inch 
radius   for  the   sand  chill. 

This  is  essential  to  establish  proper  relations  between  the  wheel  con- 
tacts on  the  rails  and  distribute  the  wheel  loads  to  more  metal  in  the 
rail  heads  and  wear  the  bearing  surface  its  full  width,  as  occurred  be- 
fore the  present  narrow  width  of  contour  was  adopted  for  cast  iron 
wheels. 
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TABLE  1. 


COOLING    AND    RECALESCENCE    OF   OPEN-HEARTH    RAILS    ON    HOT 

BEDS. 
(Time  in  minutes  and  seconds.) 


Date 

Mill 

Section 

Rail 

Starting 
Straight 

Straight 

Low 

Straight 

High 

Remarks 

2-10-16 

No.  1 

6*-105# 
Dudley 

D 

E 
F 

1:35 
5:25 
4:55 

2:35 
6:50 
6:00 

4:15 
7:20 
7:20 

7:00 
9:35 
8:05 

10:10 
13:15 
10:10 

Turned   6:15 

Spacing  bei. 

bars   12'. 

2-17-16 

No.  1 

90# 
A.R.A.  "A" 

H 
G 
F 
E 

4:40 
5:50 
3:35 
1:30 

5:20 
6:15 
6:25 
2:20 

6:00 
6:35 
7:00 
4:45 

7:45 

9:05 
9:55 
7:10 

9:35 
12:15 
13:45 
11:25 

Bare  spaced 

12' 

2-24-16 

No.  1 

85# 
A.  S.  C.  E. 

A 
B 
C 
D 

1:50 
5:20 
5:20 
3:50 

4:10 
5:40 
5:40 
4:45 

5:05 
7:00 
7:00 
5:20 

6:48 
9:45 
8:55 
7:20 

9:40 
12:10 
11:40 

8:20 

Bars  spaced 
12'. 

2-25-16 

No.  1 

80# 
A.  S.  C.  E. 

A 
B 
C 
D 

1:20 
5:05 
4:45 
4:25 

2:35 
5:30 
5:20 
5:10 

6:00 
6:25 
6:25 
6:15 

7:05 
8:20 
8:05 
7:15 

9:45 
11:25 
10:55 

9:10 

Turned  5:25 

Bars  spaced 

12'. 

1-24-16 

No.  2 

7*-120# 
Dudley 

A 
B 
C 

2:10 
3:40 
3:20 

4:05 
6:55 
6:25 

6:10 

7:40 
7:20 

6:45 
9:25 
7:55 

10:55 
14:00 
12:10 

First  Bar  No. 
4  Bed. 

1-25-16 

No.  2 

125# 
P.  S. 

A 
B 
C 

5:10 

3:30 
2:20 

6:45 
7:40 
3:10 

7:50 
8:25 
4:45 

8:45 
10:30 
7:50 

11:00 
15:00 
14:30 

Center  #3  Bed 
BarsspacedlS' 
Turned  10:45. 

1-7-15 

No.  2 

6*-105# 
Dudley 

A 
B 
C 
D 

1:45 

4:10 
5:00 
4:05 

3:02 
6:10 
6:20 
5:45 

6:30 
8:58 
8:58 
7:30 

7:15 
10:05 
10:00 

7:45 

16:30 
16:40 
17:30 
17:45 

#4  Bed-Middle 

12-19-14 

No.  3 

6'-105# 
Dudley 

2 

1 

1:40 
4:38 

5:15 

6:48 

7:30 
7:20 

8:45 
9:18 

11:35 
11:35 

#4  Bed. 

12-19-14 

No.  3 

6"-105# 
Dudley 

2 
1 

1:40 
5:45 

5:57 
6:30 

7:10 
7:20 

7:53 
8:27 

10:30 
10:30 

-1  Bed. 

Appendix  H. 

INTENSITY  OF  PRESSURE  ON  RAILS. 

REPORT  ON  RATIONAL  RELATION  BETWEEN  INTENSITY  OF 
PRESSURE  DUE  TO  WHEEL  LOADS  AND  RESIST- 
ANCE OF   RAIL   STEEL  TO   CRUSHING 
AND  DEFORMATION. 

J.  R.  Onderdonk,  Chairman;  A.  W.  Gibbs, 

Dr.  P.  H.  Dudley,  M.  H.  Wickhorst, 

Sub-Committee. 

The  following  is  a  report  of  a  Sub-Committee  of  the  Rail  Committee 
of  the  American  Railway  Engineering  Association  on  Subject  8,  assigned 
by  the  Board  of  Direction. 

The  most  obvious  effects  of  the  pressure  are,  of  course,  the  well- 
known  crushing  of  the  heads,  particularly  at  the  ends,  the  flow  of  metal 
in  the  soft  heads,  and  the  deep  vertical  splitting  of  the  heads  in  so  many 
cases  of  failure.  Of  course,  there  are  many  variants  of  these  typical 
failures,  with  which  we  are  all  entirely  too  familiar. 

Outline  of  Investigation. 
After  a  full  discussion  of  the  most  promising  methods  of  attacking 
the  problem,   it  was  decided   that   the   investigation   should   include  both 
laboratory  and  field  tests. 

Laboratory  Tests. 

1.  To  attempt  an  exploration  of  the  interior  of  the  head  of  the  rail 
after  subjecting  it  to  definite  repetitions  of  rolling  loads. 

2.  So  far  as  possible,  to  define  the  area  of  contact  between  the  rail 
and  the  wheel  at  different  periods  throughout  the  test. 

3.  To  determine  the  hardening  effect  of  the  rolling  load  on  the  con- 
tact and  adjacent  surfaces. 

Field  Tests. 

To  be  made  with  regular  locomotive,  tender,  and  car  equipment 

1.  To  determine  as  far  as  possible  the  areas  of  contact  between 
rails  and  wheels  whose  contours  were  known. 

2.  To  determine  the  distribution  of  the  intensity  of  prettUffc  within 
the  area  of  contact. 

The  Field  Tests  were  undertaken  1»\    Dr.  P.  H.   Dudle\ 
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The  data  upon  which  this  report  is  based,  and  from  which  the 
graphics  have  been  prepared,  are  very  full  and  in  good  shape.  They  are 
too  voluminous  to  be  printed,  but  will  be  available  to  anyone  interested 
in  the  subject. 

The   Committee  wishes   to  acknowledge  the  valuable  assistance   of : 

M.  A.  Knapp,  Assistant  to  Dr.  Dudley. 

C.  B.  Bronson,  Mechanical  Engineer  for  Dr.  Dudley. 

VV.  H.  Tapman,  Mechanical  Inspector  for  the  Baltimore  &  Ohio 
Railroad  Test  Bureau. 

J.  R.  Fetterly,  Inspector  for  the  Pennsylvania  Railroad  Test  De- 
partment. 

Also,  its  thanks  are  due  F.  W.  Wood,  General  Manager  of  the  Mary- 
land Plant  of  the  Bethlehem  Steel  Company,  for  his  co-operation  and 
kindness  in  furnishing  the  use  of  the  reciprocating  machine  for  the 
Sparrows  Point  tests. 

CONCLUSIONS. 

For  the  present,  the  only  conclusions  that  can  be  drawn  from  the 
tests  which  have  been  made  are  but  indications : 

Field  Tests. 

1.  That  for  this  section  and  composition  of  rail  initial  loads  of 
30,000  pounds  or  more  per  wheel  of  cast  iron  and  chilled  tread,  of  33 
inches  in  diameter,  were  too  great  for  the  transverse  holes,  and  produced 
flow  or  closure  at  least  2^-inch  below  the  bearing  surface. 

2.  That  loads  of  25,000  pounds  produced  but  slight  flow  or  closure 
in  the  three  uppermost  transverse  holes,  and  this  extending  not  more 
than  j4-inch  in  depth. 

3.  That  preliminary  light  loads,  by  cold-rolling  the  surface,  may 
adapt  the  material  to  subsequent  heavier  loads. 

Laboratory  Tests. 

4.  The  diagrams  of  the  plotted  tables  show  that  the  stresses  in  the 
metals  are  locally  less  severe  than  we  had  expected  to  find  in  the  surfaces 
of  the  pressure  zone  contacts  of  the  wheel  tread  and  the  rail  head. 

5.  It  is  important,  as  the  theory  and  evidence  show,  that  the  metal 
of  the  circumjacent  layer  of  each  pressure  zone  of  contact  for  the  wheel 
tread,  also  that  of  the  rail  head,  is  in  position  not  only  to  utilize  the 
elasticity  of  the  metal  to  help  carry  a  given  load,  but  to  increase  in  area. 
within  the  elastic  limits  of  the  metals  nearly  in  proportion  to  the  loads 
applied. 

6.  The  action  of  the  rolling  wheels  on  the  rail  heads  is  a  gradually 
applied  load  from  zero  to  the  maximum,  then  reducing  again  to  zero, 
both  for  a  unit  length  in  the  wheel  tread  or  rail  head,  and  is  not  a  sud- 
denly applied  load,  even  for  a  mile-a-minute  or  faster  trains. 

7.  The  round  type  of  area  of  contact  shows  the  greatest  average 
unit  intensity  of  pressure. 
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8.  The  longitudinal  oval,  or  the  transverse  oval  type  indicates  the 
lowest  average  unit  intensity  of  pressure. 

9.  The  longitudinal  elliptical  or  transverse  elliptical,  in  which  the 
major  axis  is  two  or  more  times  the  width  of  the  minor  axis,  indicates 
also  a  favorable  average  unit  of  intensity  of  pressure. 

10.  The  transverse  oval  or  elliptical  under  steel  or  cast-iron  wheels 
is  more  favorable  for  the  rail  heads  than  the  round. 

11.  The  reciprocal  relations  of  the  loads  carried  on  the  metal  of 
the  wheel  treads  to  the  metal  of  the  rail  heads,  should  be  studied  from 
the  voluminous  service  tests  now  available. 

PART  I— LABORATORY  TESTS. 

Testing   Machines. 

For  this  work  the  Committee  availed  itself  of  the  kind  offer  of  the 
Bethlehem  Steel  Company  of  the  rolling  test  machine  at  its  Sparrows 
Point  plant. 

This  machine  is  shown  in  Figs.  1,  2  and  3,  and  consists,  briefly,  of  a 
heavy  bedplate  on  which  is  reciprocated  a  very  strong  steel  platen  on 
roller  bearings.  The  rail  to  be  tested  is  secured  to  the  reciprocating 
platen,  to  which  motion  is  given  by  a  motor  driven  crank  shaft  and  pit- 
man. The  machine  is  run  at  the  rate  of  10  to  14  double  passes— 20  to  28 
passes — per  minute.  The  load  is  applied  by  linkage  of  multiplying  levers 
and  weights  through  a  chilled  iron  car  wheel  running  on  roller  bearings. 
Your  Committee  did  not  calibrate  this  machine. 

Note. — If  further  work  is  done  on  a  reciprocating  machine,  it  will 
be  desirable  to  load  the  machine  by  direct  weights,  eliminating  the  com- 
bination of  levers.  While  this  will  be  cumbersome,  it  will  avoid  the 
necessity  of  such  careful  shimming  as  was  required  in  the  tests  already 
made. 

Rail. 

The  rail  selected  was  a  new  100-pound  P.  S.  section,  open- 
hearth  steel,  made  by  the  Cambria  Steel  Company  for  the  Pennsylvania 
Railroad,  its  chemical  composition  and  physical  characteristics  being  given 
in  the  reports  of  tests,  Figs.  3A  and  3B  and  illustrations,  Figs.  3C  and  3J  > 

The  drop  tests  made  by  the  Pennsylvania  Railroad  Company  at  the 
mill,  and  the  drop  tests  made  by  the  Baltimore  &  Ohio  Railroad  Com- 
pany on  their  rail  testing  machine,  showed  that  the  rails  in  both  cases 
stood  the  same  number  of  blows,  they  breaking  on  the  fifth  blow,  and 
the  total  elongation  on  the  fourth  blow  was  the  s.une  in  each  cage. 

The  analyse-  are  shown  as  made  bj  the  Manufacturer,  by  tl'e  l-alti 
more  &  Ohio  Railroad  and  by  the  Pennsylvania  Railroad  at  Altoona,  l'.' 
These  all  check  quite  closely,  and  in  connection  with  the  sulphur  prints, 
sclcroscopc  readings  and  Brinncll  readings  indicate  that  the  rails  were  ol 
uniform  quality  and,  I  111  tlurmore,  that  the  inanni.ietui  ei  \  tests  i  h.  rk 
very  closely  with  the  results  of  the  rail   received. 


502  RAIL. 

It  was  believed  that  if  this  rail  were  drilled  in  different  directions 
under  the  surface,  the  load  deformation,  if  any  occurred,  could  be  meas- 
ured. It  was  decided  that  the  rail  should  be  drilled  transversely  at  dif- 
ferent distances  from  the  upper  running  surface  with  holes  parallel  to 
the  base,  the  holes  to  be  of  the  smallest  practicable  diameter  and  fitted 
with  tapered,  turned  and  ground  steel  plugs.  Also,  for  the  purpose  of 
investigating  lateral  flow,  as  well  as  the  behavior  of  the  metal  immedi- 
ately under  the  tread,  that  holes  upwardly  inclined  should  be  drilled  in 
the  lower  corner  of  the  head  and  similarly  fitted  with  plugs.  Finally, 
that  each  test  piece,  of  which  there  were  two,  should  be  drilled  ver- 
tically from*  base  to  head  with  a  similar  small  hole,  by  means  of  which 
it  was  hoped  that  the  depth  of  the  rail  under  contact  could  be  measured 
by  micrometer  depth  gage  placed  below,  to  develop  the  form  of  the 
dished  surface  within  the  area  included  in  the  contact  spot. 

The  section  of  the  rail  used  and  the  locations  of  the  different  holes 
are  shown  by  Figs.  4,  5,  6  and  7. 

The  centers  of  the  horizontal  holes  were  placed  below  the  surface 
of  the  tread  approximately  Y%,  &,  *4,  ifc  and  Y%  inch,  the  actual  depths 
being  shown  by  Figs.  8  and  9,  in  the  belief  that  the  flow,  if  any,  would 
be  within  this  range  of  depth.  The  holes  were  #s-inch  diameter,  reamed 
to  standard  taper. 

Each  hole  was  fitted  with  its  own  headed  and  lettered  taper  plug. 
Each  plug  was  divided  by  marking  rings  approximately  ^£-inch  apart, 
so  that  the  difference  in  diameter  at  each  ring  was  approximately  .001 
inch.  Each  plug  (nine  in  all)  was  carefully  calibrated  and  the  calibra- 
tion recorded.     (See  Figs.  10  and  11). 

The  preparation  of  the  test  pieces  and  the  plugs,  through  the  kind- 
ness of  Mr.  J.  T.  Wallis,  General  Superintendent  of  Motive  Power,  Penn- 
sylvania Railroad,  was  entrusted  to  the  Tool  Room  at  the  Juniata  Shops, 
Altoona,  Pa.  This  preparation  called  for  a  very  high  grade  of  work- 
manship, and  was  very  excellently  accomplished,  which  aided  materially 
in  obtaining  satisfactory  results. 

In  making  the  tests  the  rail  was  placed  on  the  machine,  resting  di- 
rectly on  an  oak  liner  less  than  one  inch  in  thickness,  special  care  being 
taken  that  the  running  surface  of  the  rail  should  be  as  nearly  as  prac- 
ticable parallel  with  the  base  of  the  platen,  so  that  the  weights  imparting 
the  load  would  remain  as  nearly  as  possible  stationary. 

At  stated  intervals  the  machine  was  stopped  and  the  plug  gages  in- 
serted and  deviations  from  the  original  depth  of  penetration  of  the 
tapered  holes  recorded.  In  addition  to  the  record  of  any  closure  of  the 
holes  as  revealed  by  the  taper  plugs,  data  was  recorded  of  the  width  of 
contact  as  shown  on  the  rail,  as  well  as  the  distance  between  the  bound- 
ary of  the  line  of  contact  and  the  gage  side  of  the  rail. 

To  determine  the  effect  of  any  surface  hardening  of  the  rail  due  to 
the  contact  on  the  head,  scleroscope  readings  were  taken  across  the  head 
at  the  ends,  entirely  outside  of  the  travel  of  the  rail,  and  at  four  other 
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points  transverse  to  the  head,  within  the  length  of  travel  of  rail,  and 
hardness  readings  were  made  within  and  without  the  area  of  contact. 
The  total  length  of  the  rail  specimens  was  5  feet,  and  the  total  travel  of 
the  rail  approximately  4  feet.     (See  Figs.  12  and  13.) 

Observers  were  detailed  from  the  Test  Departments  of  the  Balti- 
more &  Ohio  and  the  Pennsylvania  Railroads,  so  as  to  check  on  one 
another. 

RESULTS  OF  THE  TESTS. 

First  Test. — The  first  test  was  made  beginning  with  a  wheel  load  of 
30,000  pounds,  which  was  maintained  during  the  first  110,000  passes  of 
the  rail  under  the  wheel.  The  load  was  then  increased  to  35,000  pounds, 
with  which  load  120,000  additional  passes  were  run. 

To  the  surprise  of  the  Committee,  the  first  fifty  passes  of  the  wheel 
indicated  that  all  of  the  horizontal  holes  were  closing,  and  by  the  time 
500  passes  had  been  run  all  of  the  horizontal  holes  had  closed  by  amounts 
varying  from  .001  to  .003  inch  in  diameter.  From  this  point  the  closure 
of  the  deeper  holes  became  very  slow.  After  the  application  of  the 
35,000-pound  load  the  closure  of  all  of  the  holes  became  more  marked. 
This  is  shown  graphically  in  Fig.  14. 

The  width  of  the  area  of  contact  of  the  wheel  is  shown  graphically 
by  Fig.  15,  and  the  location  from  the  gage  side  is  shown  by  Fig.  16. 
The  area  of  contact  of  the  wheel  resting  on  the  rail  was  also  taken  at 
intervals,  beginning  at  5,000  passes,  then  at  10,000,  and  after  that  at  each 
20,000  passes  throughout  the  test.  The  result  is  shown  graphically  by 
Fig.  17.  The  width  of  contact  apparently  diminished  during  the  first 
few  passes,  after  which  it  steadily  increased  as  the  wheel  tread  and 
rail  head  conformed.  The  diminution  was  probably  caused  by  the  break- 
ing down  of  the  mill  scale.  For  the  same  reason  the  area  of  contact  be- 
tween the  wheel  and  the  rail  increased,  as  indicated  by  Figs.  18  to  26, 
inclusive,  showing  the  form  of  the  spot  at  the  beginning  of  the  test,  at 
the  end  of  the  30,000-pound  loading,  and  at  the  end  of  the  run  with 
35,000  pounds. 

Second  Test. — As  the  initial  passes  of  the  wheel  over  the  first  rail 
specimen  indicated  an  immediate  closure  of  the  holes,  this  closure  ex- 
tending so  as  to  include  even  the  deepest  hole — 5^-inch  below  the  sur- 
face— it  was  decided  to  start  the  test  of  the  second  specimen  with  a  light 
load  of  but  15,000  pounds,  and  increase  the  loading  to,  successively,  20, 
000,  25,000  and  30,000  pounds,  or  more.  This  was  done  and  the  same 
data  taken  as  with  the  first  rail. 

With  the  15,000-pound  load  25,000  passes  wore  run,  DO  closure  w  Ii.»t 
ever  being  observed.  The  load  was  then  increased  t<»  20,000  pounds, 
with  which  26,000  passes  were  run  without  producing  any  closure.  Dur- 
ing this  period  of  a  total  of  51,000  passes,  however,  the  width  of  con- 
tact constantly  increased  and  the  path  ol  runt. let  gradually  extended  to 
ward  the  gage  side  of  the  head.  The  load  was  then  increased  to  25,0(X> 
pounds,  with  which   110,000  passes  were   run,  very  slow  closure  oi    from 
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.0005  to  .0015  being  noted  in  the  holes  nearest  the  tread.  The  load  was 
then  increased  to  30,000  pounds,  with  which  105,000  passes  were  run,  the 
result  being  an  additional  closure  of  from  .0005  to  .0012  inch  in  the  holes 
nearest  the  top  of  the  rail,  but  no  closure  of  the  deeper  holes,  namely, 
those  -fff  inch  and  Y%  inch  from  the  tread,  was  measurable  during  the 
entire  test. 

At  this  point  the  machine  test  had  to  be  discontinued,  owing  to  the 
pressure  for  shop  room  for  other  machine  tools. 

The  salient  point  is  that  with  an  initial  load  of  30,000  pounds  an  im- 
mediate closure  or  flow  of  metal,  penetrating  at  least  Y$  inch  from  the 
tread,  was  noted  within  the  first  tew  passes,  and  that  by  the  time  110,000 
passes  had  been  run  all  of  the  holes  had  closed  by  amounts  varying  from 
.0035  inch  in  the  deeper  holes  to  .0085  inch  for  the  holes  nearer  the  sur- 
face; while,  on  the  other  hand,  as  already  stated,  in  the  case  of  the 
preliminary  light  loads  very  little  effect  was  noted  until  the  application 
of  the  30,000-pound  load,  and  the  closure  under  that  load  never  reached 
the  deeper  holes,  and  in  the  shallower  ones  produced  not  over  one-fifth 
of  the  closure  noted  during  the  same  service  in  the  first  test. 

This  would  seem  to  have  a  direct  bearing  on  the  statement  so  often 
made,  that  the  light  rails  rolled  many  years  ago  are  better  than  the 
present-day  rails,  because  they  are  still  in  service,  carrying  the  present- 
day  loads  with  fewer  failures  than  we  experience  with  the  new  and 
heavy  rail.  It  has  been  suggested  by  Maintenance  of  Way  engineers 
that  the  early  light  service  has,  by  cold  rolling,  prepared  the  surface  of 
the  rail  for  subsequent  heavier  service. 

The  scleroscope  readings,  as  tabulated  and  shown  graphically,  clearly 
indicate  an  immediate  hardening  of  the  surface  under  the  wheel,  and  that 
this  hardness  gradually  increased  during  the  test;  and  there  is  no  proof 
that  the  maximum  hardness  due  to  cold  rolling  had  been  reached  at  the 
termination  of  either  test. 

Other  Deformation. — The  measurement  of  the  test  holes  other  than 
those  parallel  to  the  base  indicates  hardly  any  perceptible  flow ;  the  maxi- 
mum closure,  that  of  hole  *'M,"  first  test,  being  but  .00036  inch. 

While  the  method  of  investigation  described  affords  a  delicate 
method  of  measuring  the  depth  at  which  the  material  is  flowing  under 
load,  there  is  the  open  question  whether  the  flow  occurred  because  ihere 
was  an  unoccupied  hole  into  which  the  metal  under  load  could  flow. 
This  method  does  not  measure  the  direction  in  which  the  flow  moves — 
it  may  be  radial  closing  of  the  hole,  or  it  may  be  a  crushing  down  of  the 
roof.  Nor  does  it  show  clearly  at  what  point  in  the  length  of  the  hole 
the  closure  occur.?,  though  this  might  be  accomplished  by  a  number  of 
short  taper  sections  of  gage,  each  of  which  would  explore  part  of  the 
hole. 

It  is  expected  that  these  test  rails  will  be  placed  in  a  freight  track 
carrying  a  heavy  coal  tonnage,  and  that  in  time  they  will  give  further 
information. 
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Fig.  2.— End  View  of  Reciprocating  Machine. 


INTENSITY    OF   PRESSURE. 


507 


508 


RAIL. 


Results  of  Physical  and  Chemical  Teste  of  100#  P. S. Section 
Rail,   Cambria  Steel  Co.,   1916,  being  part  of  rail  used 
by  A.  R.  E.  A.   Sub-Committee  to   determine  the  in- 
tensity of  pressure  due  to  wheel  loads  at 

Sparrows  Point,  V.  d. 


TEUSILE   TSS1 . 
MADE  BY   P.R.R.    LABORATdteY^.T-" ALTO  OKA,    PA. 


T.D. 

Position 

Load  in  Lbs. 

Elong. 

Reduction.     Character  of 

Ho.  • 

in  Rail 

Per  Sq.   In. 

5b  in  2 

"     of 

'  Area, 

,% 

Fracture 

E7. Limit     Ultimate 
53,000          122,300 

1 

"0" 

15 

25.79 

Gran.  4  Silky 

■ 

"M" 

53,560          123,800 

12 

17-08 

n           n           n 

" 

Average 

53,250          123,050 

15.5 

21.43 

HARDNESS      TEST 

T.D. 

Kind  of 

Aver-     Teste 

Ho. 

Test 
Brine 11 

1            2 
257        259 

3 
249 

4   "   . 
251    - 

5 
247 

6 
257 

7 
247 

age.       Kade  By 

1 

252          P.R.R. 

*■ 

Scler. 

30          32 

31 

.  32 

33 

33 

33 

32          P.R-R. 

n 

Brinell 





--. 



:.■ 



244          B.&  0- 

" 

Scler. 













32         B-&  0.- 

CHEMICAL  ANALYSIS 

T.D. 

Chen.   Location       C.        Vz.. 

P. 

Si. 

S. 

ITi. 

Or. 

I'jade  by 

i;o. 

Ho.        in  Rail 

24684  Head"0"      .642    .78 

.020 

.179 

.025 

Hone 

Bone 

l 

P.R.R. 

n 

24685  Wen 

"H"      -691    -80 

-022 

.176 

-026 

■ 

r 

,n  , 

" 

24636  Base              -664   .79 

-022 

.177 

-025 

n 

n 

n 

Ave 

rage        .'666    .79 
.60      .60 

.021 

.177 

:io 

-025 

n 

) 

•to      -to 

.04 

to 







1   P.R.R. Specn, 

"  .75      .90 

, 

.30 

1 

Head  "0"      -684   .'82 

.020 

.175 

.030 

i 

m 

B.4  0. 

Web 

"¥"      .678    .82 

.020 

-175 

.031 

" 

* 

" 

Ave 

rage       .-681   .82 

-020 

.175 

.031 

■ 

w 

it 

1'anf.Anal.    .680    .78 

.022 

.170 

.024 

t 

n 

Test   Ingot 

.■62      -60     • 
to       to    .040    .20 
.75     .90 


) 

)  B.&O. Specn. 

) 


3o, 


^UICK  BEEP  TESTS 


36"   SPAH 


.: . 


Load  in  Pounds  at 
El. Limit 


Deflection  in  in. at     Sum  of  Type     Tise     Work. Done 
Ultimate     El. Limit       Ultimate     Elong.     of       Sees.    Irsctarfcjg 

in  %       Prac.  Rail  in  in. 

Lbs 
10       952,776 


76,032  251,856  .12  4.46  103  1 

Fig.  3A. — Laboratory  Tests  of  Rails. 
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DROP   TEST 
AT  MANUFACTURER'S  PLANT  AT  TIME  OP  INSPECTION 


Test  Ingot  Blow  Per. 
No.   No.    No.   Set 


Elongation  Each  Inch 

i — s~^j — ? — 


Total     Frac-     Remarks 
5"     Elong.   ture 


Bk. 


1 

2 

1 

1.3 

3 

4 

5 

5 

4 

4-25 

O.K. 

N.  &  B. 

2 

11 

1 

1.3 

3 

4 

4 

5 

5 

4 

£5 

O.K. 

N.   &  B. 

3 

I 

1 

1.3 

2 

4 

5 

5 

4 

3 

23 



... 

N 

n 

2 

2.2 

4 

6 

8 

7 

6 

5 

36 



... 

n 

n 

3 

3.7 

3 

9 

12 

18 

14 

10 

65 



— 

■ 

n 

4 

4.1 

e 

13 

17 

18 

16 

13 

85 



... 

O.K.        Twisted 


DROP       TEST 
ON  PIECE  OP  TEST  RAIL  ON  BALTIMORE  &  OHIO   TEST  MACHINE 


Test     Ingot  '  Blow     Per.     Elongation  Each  Inoh       Total     Prao-     Remarks 


lo. 

No. 

No. 

4 

- 

1 

it 

- 

2 

?i 

- 

3 

•- 

- 

4 

it 

_ 

5 

Bet  12       3  4  5  6     Elong.  ture 

1.00  4        5       4  4  3  6       25  

1.95  8        9        9  8  7  9       49  

2.85  U     13     12  10  10  13     69         

3.65  13     15     16  14  11  16     86  

Bk.  14     Bk.    16  14  11  16     --  O.K. 


TEST  PIECE  TAKEN  PROM  "B"  RAIL  OP  INGOT. 

ALL  DROP   TESTS  MADE  WITH  2,000  Lbs.   WEIGHT  PALLING  18-JT. 
A.R.E.A.    TESTING  MACHINE. 

Fig.  313. — Drop  Tests. 
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.    .    -;    fine  ferftin-.-i  hypc-*uteotol>i  atructiire.pearlite 
■Hh  an  Irregular  forrlto  new.;** 


Fig.  3C. — Etching  and  Photomicrographs. 


INTENSITY    OF   PRESSURE. 


511 


Fig.  3D  — Reproduction  from  Sulphur  Print. 
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Diagram  Showing  Position  of  Holes   VJ.MAR. 

Fig.  5. 
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OU6RAM   SHOWING     POSITION     OF    HOLES    J,H#F,    llgR. 
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RAIL. 


DIAGRAM    OF 

MAXIMUM    LENGTH 

PLUG   GAUGE. 


T 


I  I  I   I  I  I  I  l  l  I  I  i  i  iT-n 


plug  gauge:  letter 

M 

N 

O 

p 

R 

S 

T 

V 

W 

NUMBER    OF   WHOLE     DIVISIONS 
ON   PLUG   GAUGE 

12 

19 

19 

19 

II 

19 

12 

II 

18 

DIAMETER  AT    SMALLEST    RING 
(.  RING  -B") 

.096 

.094 

.09< 

.095" 

.09  g" 

.095 

.096" 

.095" 

.094 

DIAMETER  AT   LARGEST  RING 
(  RING   "A") 

.107" 

.113" 

.1  14-'' 

.114 

-IOs" 

.iia" 

.IOS 

.io4" 

.113" 

DIFFERENCE    IN  DIAMETERS 

.on" 

.019" 

.019" 

.OI9" 

.009 

.OI9" 

.Ol  2 

.009" 

.OO" 

TOTAL   LENGTH  OVER    DIVISIONS 

1.50" 

2.39 

2375 

2.36" 

1.368 

2.36 

1 .50" 

1.375  2.243 

DISTANCE  BETWEEN  EACH  DIVISION 

.125" 

.1257 

.125" 

.1242 

.1344 

.1242 

.125" 

.125" 

.124-6 

DIFFERENCE    IN    DIAMETER    PER 
LENGTH   OF  EACH    DIVISION 

000917" 

.001000 

.001000 .001000" 

.000818 

.001000 

.00100c  oooeie  ootoco 

z-iz-rr 

Fig.  10. — Plug  Gage  Data. 
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DIA&RAM        OC 

MAXIMUM     LtHlTH 

PLVC,      &AU4C 


Plug 
gauge 

LETTER 

NUMBER 

OF 
SPACES 
CNPLUG 

DIAMETER 

AT 
LARGEST 

RING 

DIAMETER 

AT 
SMALLEST 

RING 

DIFFERENCE 

IN 
DIAMETERS 

LENGTH 

BETWEEN 

EACH 

SPACE 

TOTAL 
LENGTH 

OVER 
SPACES 

DIFF.     IN 
DIAMETER 
PER  LENGTH 
OF  DIVISION 

A 

12 

.1082" 

.0  9  63" 

.OII9" 

.125" 

1  .50O" 

.OOO  9  9  a" 

B 

32 

.1155" 

.0842" 

.0313" 

.125" 

A.  OOO" 

.000978" 

C 

32 

.1155" 

.08-46" 

.0309" 

.125" 

A.  0OO" 

.000966" 

D 

32 

•  U55" 

.0  84-0" 

.0  315" 

.125" 

4-.000" 

.0OO985 

F 

12 

.109  8" 

.  09-7T" 

.0»2t" 

.125" 

I.500" 

.000100" 

O 

32 

.1155" 

.084-8" 

.0307" 

.135" 

4- .OOO" 

.000959" 

H 

12 

.1098" 

.09  60" 

.OI38" 

.125" 

I.50O" 

.001150" 

K 

32 

.1157" 

.  OS4£" 

.03»5" 

.125" 

-4-.0  OO" 

.000985*' 

J 

12 

.I08G" 

.0965" 

.  0 1 2. 1 " 

.125" 

1.5  OO" 

.OOIOOO" 

4-n-ir 

Fig.  11. — Plug  Gage  Data. 
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Sketch  Showing  Positions    1,2,3  and -4- at    which  "Width   of 
Contact  "/'Location  of  Contact"  and  "Area  of  Contact"  are  taken. 


0 

H 

III 

_i 
Li  o 

UJ  < 

IS 

*8* 

dig5 

WID7 

rACT 

M  OF  CON" 

LOCATIO 

FROM  SUASE  SIDE. 

POSITION  OF  HOLES. 

1 

2 

3 

A- 

1 

2. 

3 

-* 

M 

_N_ 

O 

_P 

a 

R 

s_ 

T 

U 

V 

w. 

X 

2-6-rr 
1 

o 

o 

o 

O 

O 

O 

o 

o 

O 

O 

1.2 

14 

1-6 

2.4 

0.9 

23 

1.6 

1.2 

2.1 

2-«-n 

3COM 

50 

- 

1.2 

2.0 

2-8 

3.7 

0.9 

3.8 

1.6 

1.2 

44 

2t«-I7 
3 

30000 

500 

I.OOO 

* 

.875 

£iao 

1*1 

.8125 

■to 

.6875 

A 

.625 

.G2S 

* 

£875 

13 

44 

52 

5.8 

0.9 

4.0 

1.6 

1.2 

5.1 

2-8-IT 

3O0OO 

iooo 

.6437 

.6125 

.656 

593 

.625 

.656 

.6875 

.750 

1.3 

4.4 

5.2 

5.8 

0.9 

4.9 

1.4 

1.2 

5.7 

a-6-i7 
5 

3000C 

1500 

.8437 

.8125 

.750 

.593 

.625 

.656 

.656 

.7  50 

1.3 

4.3 

52 

5.8 

0.9 

AS 

16 

1.2 

66 

2-9-IT 
6 

30000 

35CO 

.SCO 

.  6£0 

.8125 

.625 

.625 

.593 

£564 

.735 

1.3 

4.4 

5.2 

57 

0.3 

5.5 

1.5 

1-2 

6.7 

e-io-n 

7 

30000 

5500 

.64  4 

.90G 

.796 

.625 

.625 

.593 

.656 

.735 

1.3 

46 

5.3 

5.7 

0.9 

5.8 

1.5 

1.2 

ea 

2-t2-n 
e 

30000 

10500 

£903 

.890 

4125 

.G40 

.625 

.656 

.656 

.719 

1.3 

4.8 

5.3 

5.6 

0.9 

5.9 

1.6 

1.2 

84 

e-1317 

9 

30000 

15600 

.937 

.906 

.844 

.735 

.583 

.593 

.625 

.625 

1.3 

4.6 

52 

5.8 

0.9 

6.0 

t.6 

1.2 

86 

IO 

30000 

ZO50O 

.970 

.922 

.844 

.750 

.593 

.593 

.625 

.625 

1.4 

4.8, 

5.2 

5.8 

0.9 

5.8 

1.6 

1.2 

86 

2-13-17 
II 

30000 

25500 

.970 

.906 

.844 

750 

.593 

.57,7 

•625 

.625 

1.4 

AA 

5.2 

5.9 

0.9 

6.8 

1.6 

1.2 

8.7 

2-IG-tT 

IS 

3O0C0 

35500 

i.oce 

.992 

.844. 

.750 

.577 

.577 

.625 

.625 

1.4 

4.6 

5.3 

5.9 

0.9 

6.9 

15 

13 

3.5 

2-2C47 

13 

30000 

50000 

1.125 

-969 

-906 

.761 

.531 

.57  7 

.625 

.625 

1.5 

4.7 

5.2 

5.9 

0.9 

7.6 

1.5 

1.2 

S.5 

2-23-^ 

300W 

7000C 

I.I40 

385 

.985 

.844 

.531 

.577 

.625 

.593 

1.5 

4fl 

5  5 

6  r> 

0.9 

8.6 

1.5 

1.2 

as 

15 

30O0C 

9000< 

1.156 

I.OOO 

1.000 

.860 

.531 

.562 

593 

■533 

1.5 

477 

5.6 

6-1 

03 

9.1 

1.6 

1.2 

10.0 

3-2-rr 
16 

30000 

IIOOCX 

1.167 

1.031 

1.031 

369 

.515 

.562 

.625 

.578 

1.5 

4.8 

5.7 

6.2. 

0.9 

9.5 

1.6 

1.2 

10.0 

S-7-lV 

55000 

I3000C 

1.261 

1.062 

1.045 

1.015 

.500 

.562 

.CIO 

.578 

1.8 

4.9 

b.9 

6-2 

0.9 

10.4 

1.5 

1.2 

10? 

18 

3500C 

1500a 

1.327 

1.156 

1X93 

1-031 

.469 

.531 

.593 

.562 

i.e 

4.9 

5.9 

G.7 

0.9 

II. 1 

1.5 

1.2 

10.7 

HW1 
19 

35000 

noooo 

1.375 

1.172 

1.156 

1.077 

AG9 

.50O 

577 

.515 

I.G 

4.9 

6.3 

7.1 

o.e 

11.2 

I.G 

1.8 

jo.  a 

3-15-fr 
20 

35000 

190001 

139  C 

1.218 

1.202 

I.I  10 

.437 

.468 

.531 

.515 

1.6 

5.1 

6.3 

7.3 

0.9 

11.5 

1.5 

I.2I11.C 

*NOTt:THE6E  DIMENSIONS  ARE  IRREGULAR  AND  NOT  IN  LINE  WITH  THE 
SUCCEDING  READINGS  DUE  TO  THE  CRUSHING  DOWN  OF  THE 
MILL    SCALE    ON    THE     HEAD     OF    THE     RAIL. 


FM.  12. — Data  of  Tksts,  February  6  ro  bIakcb   15,  1917. 
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Sketch  Showing  Positions    1,2,3  and -4  at   which  "Width  of 
Contact  "/'Location  of  Contact"  and  "Area  of  Contact"  are  taken. 


w5 

WIDTH  OF  CONTACT 

LOCATION  OF  C0NTAC1 

PLUG  SAUSE  READINGS 

FROM  GAUGE  6I0E. 

POSITION  OF  HOLES. 

1 

2 

3 

4- 

1 

2 

3 

A 

A 

_B 

C_ 

_D 

F 

J^ 

H 

J 

J< 

4-20-17 

1 

I500O 

0 



1.6 

2.0 

».9 

24 

3.3 

2.5 

i.g 

3.3 

2: 

4-21-17 

2 

I5ooo 

50 

.327 

.343 

.343 

.593 

1.093 

1.093 

.907 

.6875 

1.6 

2.o 

1.9 

24 

3.3 

2.5 

1.5 

3.3 

z: 

4-23-17 

3 

15000 

500 

.4375 

.281 

.390 

.4375 

.968 

1.12.5 

3375 

.781 

1.6 

2.0 

1.9 

2.4 

33 

2.5 

1.5 

3.3 

z: 

4-23-n 

15000 

IOOO 

.4375 

.261 

.39  O 

.4375 

.968 

1.140 

.9375 

.781 

1.6 

2.0 

1.9 

2.4 

33 

2.5 

1.5 

3.3 

2; 

4-24-17 

5 

15000 

1500 

.4375 

.281 

.390 

A375 

968 

1.140 

322 

.781 

1.5 

13 

IB 

2.3 

3.3 

2.5 

1.5 

3.3 

2. 
2. 

4--24-I7 
6 

15000 

3500 

4375 

.281 

.390 

453 

.968 

1.140 

.922 

.781 

1.5 

(.8 

1.9 

2.3 

33 

25 

1.5 

3.3 

4-2517 

7 

15000 

5500 

4375 

.297 

.4375 

^453 

.968 

U40 

.890 

.781 

1.5 

1.8 

1.9 

£.3 

3.3 

2.5 

1.5 

3.3 

2. 

•4*26-17 

8 

l5ooo 

10500 

.485 

.297 

4375 

453 

.953 

1.140 

.890 

.781 

15 

1.8 

1.9 

2.2 

3.3 

2.5 

1.5 

3.3 

2. 

4--27-I7 
9 

15000 

15500 

.4-85 

.297 

4375 

.453 

J953 

1.140 

.890 

.781 

1.5 

1.8 

1.9 

2.2 

3.3 

2.5 

1.5 

33 

2. 

4-30H7 

15000 

20500 

.515 

.422 

4375 

.485 

.953 

1.078 

.890 

.750 

1.5 

1.8 

1.9 

2.3 

3.3 

2.5 

1.5 

3.3 

2. 

5-1-17 

II 

15000 

255O0 

.515 

XV22 

J5000 

.5000 

553 

1.078 

.844 

.735 

1.5 

1.8 

1.9 

2.2 

33 

2.5 

1.6 

3.3 

2 

5-T-I7 

12 

20000 

25550 

.515 

A2.Z 

.500 

.500 

.953 

1.078 

.844 

735 

1.5 

1.8 

t.9 

2.2 

33 

2.5 

1.5 

3.3 

2: 

5-1-17 

13 

20000 

26000 

.5(5 

.422 

.500 

.500 

.953 

1.078 

.844 

.735 

1.5 

1.8 

1.9 

2.3 

3.3 

2.5 

15 

3.3 

2. 

5-1-17 

14 

20000 

2£500 

.625 

.422 

.500 

.500 

.907 

1.078 

.844 

.735 

1.5 

1.9 

1.9 

2.2 

33 

£.5 

1.5 

3.3 

2. 

5-2H7 
IS 

20000 

27O00 

.625 

.4-22 

.500 

.500 

J907 

1.078 

.844 

735 

1.5 

1.9 

1.9 

2.2 

3.3 

2.5 

1.5 

3.3 

2 

5-2- h 
16 

20OOO 

29000 

.640 

4375 

.531 

.500 

.892 

1.062 

.8125 

735 

1.5 

1.8 

1.9 

2.3 

3.3 

2.5 

1.5 

3.3 

2 

5-3-17 
17 

20000 

31000 

.656 

4375 

.546 

.610 

.892 

1.062 

.8125 

735 

1.5 

1.9 

1.9 

23 

3.3 

2.5 

1.5 

3.3 

2 

18 

2.0000 

36000 

.TI9 

.500 

.64  O 

.640 

.843 

1.015 

.781 

719 

1.5 

1.8 

1.9 

2.3 

3.3 

2.5 

1.5 

33 

2 

5-4- n 

19 

20000 

4-IOOO 

.713 

.50O 

.640 

.656 

.843 

1.0  IS 

.781 

719 

1.5 

1.9 

1.9 

2.2 

33 

25 

t.5 

3.3 

2 

B-7-17 
20 

2O0O0 

46000 

7343 

.5625 

.640 

.6718 

.843 

5843 

.781 

7156 

1.5 

1.9 

1.9 

22 

3.3 

2.5 

1.5 

3.3 

2 

Fig.  13. — Data  of  Tests,  April  20  to  May  7,  1917. 
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Areas  of  Contact 


DIRECTION   OF  RAIL 


READING    NO.  I 
WHEEL    LOAD    30000  LB. 
3-21- IT 


w5 


AREA  0. 2 6  AREA  0. 18 


READING    NO.  I 

WHEEL    LOAD    35000  LB. 

3-  2 1  - 17 


* 


% 


AREA    O.  2-4-  AREA  0. 15 

Fig.  18. 
(Two-thirds  Natural  Size.) 
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RAIL. 

Areas  of  Contact. 

DIRECTION  OF  RAIL. 


READING    NO.3 
2-7-17. 


f         I         #         # 


*t    POSITION    NO.  I 
AREA     0.28 


*  POSITION  NO.2         ^   POSITION  NO-3 
AREA  0.24  AREA    0.33 

AVG.AREA   O.  290  SG..IN. 


POSITION    NO.  I 

AREA   0.3O 


POSITION    NO.  I 
AREA  0.27 


POSITION     NO.I 
AREA     0.27 


•*    POSITION    NO.4- 
AREA   O.31 


READING    NO.4 
2-8-17 

I         ♦  *         * 


POSITION  NO. 2  POSITION    NO.  3 

AREA    0.30  AREA  0.27 

AVG.  AREAO.275  SQ.IN. 


POSITION   NO.2  POSITION    NO.3 

AREA    0.£6  AREA     0.39 

AVG.  AREA   O.a70  SO..  IN. 


POSITION    NO. a  POSITION    HO.3 

AREA     0.30  AREA     0.28 

AVG.  AREA  0.2  SO  SQ.  IN. 


POSITION    NO.A 
AREA  0.23 


READING    NO.  5 
2-9-17. 

*     t     *    • 


POSITION    NO.A 
AREA     0.£6 


READING    NO.G 
2-3-17. 

t    ft     4    • 


POSITION    NO.4 
AREA     0.£7 


note  i  these  areas  are  too  lar6e  and  not  ini  line  with  the 
succeeding  areas  due  to  the  crushing  down  of  the 
mill    scale   on  the    head    of"  the    rail.. 

Fig.  19. 
(Two-thirds  Natural  Size.) 


POSITION    NO.I 
AREA  0.28 


POSITION    NO.I 
AREA    0.33 
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DIRECTION     OP     RAIL. 


READING     NO.7 
2-IO-I7. 


#       4        §        ♦ 


POSITION    NO.E  POSITION    NO. 3 

AREA    0.32  AREA    C2G 

AVG.  AREA    0.2875  SQ-IN. 


POSITION    N0.4 
AREA     0.29 


READING   NO.  8 
2-12-17. 

#     I     •    ♦ 


POSITION   NO.2  POSITION   NO.3 

AREA  0.33  AREA    0.26 

AVG.  AREA  0.2975  SOi.lN. 


POSITION   NO. A 
AREA   0.27 


READING  N0.9 
2-13-17. 

%    •    i    t 

POSITION    NO.I  POSITION    NO.2        POSITION    N0.3         POSITION   NO.4 

AREA   0.28  AREA    0.32  AREA    0.33  AREA    0.28 

AVG.  AREA  0.3025S6IN. 

READING    NO.  IO 
2-I4--I7 

|        ♦        •        ♦ 


POSITION    NO.I 
AREA    0.35 


POSITION    NO.2         POSITION    NO.3 
AREA     0.31  A.REA     0.35 

AVG.   AREA   O.3I5OS0LIN. 

l'"i.;.  20. 
i  I  wo  tim  da  Natui  al  S 


POSITION    NO.4 
AREA     0.25 
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Areas  or  Con t ac t 


direction  or  rail 


READING    NO. I  I 
2-15-17 


4         1* 

SK'SIa1?'       BSP«JP*      rtSSP^as**     KS'Z'^S0* 

AVG.  AREA    0.3275S0.1H.  9 


READING    NO.  12 


«2-.C-,T. 
it* 

aoS«I-TJ0^   ^o''  POSITION    NO.2  POSITION    NO.  3  POSITION    NO  A 

AREA    O.AZ  AREA      0.34  AREA    C.33  AREA     O  3^ 

AVG.  AREA    O.S575SQ.IN. 


READING   NQI3 
2-20-I7. 


♦        lit 

KSsres^1  sse°s.£*  ssreiy*  ss^s" 

AVG.  AREA    C3225SO..IN.  °*Z8 


READING    NO.I4. 
2- £3-17. 


♦  £-£3-17. 

t    §    * 

IrI'Z's^0-'  :^t,oon3n7°2    sfiT*oisra 

aJ,AP3E7A      0.3^0RfQA,N°-3^  APEA      °^ 


Fig.  21. 
(Two-thirds  Natural  Size.) 
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DIRECTION   OF  RAIL 


READING    NO.I5. 


|     •     *     ♦ 


POSITION     NO 
AREA    O^J-O 


POSITION     NO.a  POSITION    N0.3 

AREA  0.33  AREA    0.3-4- 

AVG.  AREA  0.330SGL1N. 


READING    NO.IG. 
3-3-17. 


POSITION   NO.  A 
AREA    0.25 


POSITION    NO.I 
AREA     0.-4-5 


POSITION    NO.a      POSITIONI  NO.3 
-AREA     0.-4-O  AREA    0.39 

AVG.  AREA     0.39O  SQ.IN. 


POSITION    NO-4 
AREA    0.32 


WHEEL   LOAD     INCREASED    FROM   30,000    LB.  TO    35.QOO    LB. 


REAOING   NO.  17 
3-7- 17. 


POSITION    NO.I 
AREA    0.-4-3 


*    I 

POSITION   NO.2  POSITION    NO.3 

AREA     0.36  AREA     0.3-4- 

AVG.  AREA  0.3G75  SQ.IN. 


POSITION    NO.4 
AREA    0.34- 


READING    NO. 18 
3-3-17. 


I 


POSITI0NN0.I 
AREA    0.-4-5 


POSITION    NO.2      POSITION    NO.3 
AREA     0.37  AREA    0.3-4- 

AVG.  AREA   0.3650  SQ.IN 

Fig.  22. 

(Two  thirds   Natural   Size") 


POSITION    NQ-4 
AREA   0.30 
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RAIL. 


POSITION     NO.I 
AREA  0..5-4 


POSITION     NO-I 
AREA     0.4-T 


POSITION  NO.I 
AREA  0.52 


POSITION    NO. » 
AREA    0.62 


DIRECTION    OF  RAIL 


REAOING  NO.I9 
~  3-1  3 "IT. 


I         •        ft 


POSIT  I  ON   NO.a      POSITION     NO.  3 
AREA  O.^-A-  AREA  O.ST 

AVG.  AREA.  O.AI75  SQ.IN- 


READING   NO.  20 
3-15-17. 


POSITION   NO. A 
AREA  0.32 


* 


POSITION     NO.£ 
AREA    0.46 

AVG.  AREA  0.4-30SG.IN 


positTon  no.3 

AREA  0.43 


POSITION    NO.4- 
AREA  0.36 


READING   NO.21 
3-19-17 


f3-i9-iT Si — 


POSITION    1^0.2 
AREA    0.-4-3 

AVG.  AREA   0.4-10  SQ  IN 


POSITION    NO.3 
AREA  0.38 


POSITION    N0.4 
AREA  0.31 


READING    NO.22 
3-21-17 


1 


POSITTON  NO.2      POSITION    NO.  3 
aoea   0.50  AREA    O.-4-O 

AVG.AREA  0.4675  SQ.  IN. 

Fig.  23. 
(Two-thirds  Natural  Size.) 


POSITION    NO.4- 
AREA   0.35 
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Areas  of  Contact 

DIRECTION    OF  RAIL.    


READING    NO. 13 
E-ao-lT. 


POSITION    NO.I. 
AREA    0.38 


POSITION    NO.  a         POSITION    NO.3 
AREA     0.2.5  AREA    0.29 

AVO.  /kREAO.SL  875  SQ.  IN. 


POSITION     NO.4 
AREA    0.23 


READING    N0.I4 
2-2.3-IT. 


POSITION    NO.I 
AREA   0.28 


POSITION     NO. E        POSITION    NO.3 
AREA     0.32  AREA     0-28 

AVG.  APEA    0.2625  SO.  IN. 

Fig.  24. 
(Two-thirds  Natural  Size.) 


POSITION   N&4 
AREA     0.25 


RAIL. 


Areas  of  Contact. 

DIRECTION    OF  RAIL.  


READING    NO.I5 
£-28-17. 


POSITION  NO.  I  POSITION    NO.  2.         POSITION    NO.  3 

AREA    0.33  AREA     O.30  AREA    0.33 

AVG.  AREA     0.30S5  SOt.lN. 


POSITION  NO.^t 
AREA    0.2.5 


READING    NO.16 
_3-3-l7L 


POSITION    NO.I 
AREA    0.36 


POSITION    NO. E  POSITION    NO.3 

AREA    0.34-  AREA    0.3I 

AVG.  AREA    0.3275  SO.  IN 


POSITION     NO.4 
AREA    0.2-8 


WHEEL     LOAD    INCREASED    FROM    30,000  LB.  TO    35,000  LB. 

READING   NO.  17. 
3-7-17. 


POSITION    NO.I 
AREA    0.38 


POSITION    NO.2         POSITION  NO.3 
AREA     0.34-  AREA    0.31 

AVG.  AREA  O.  31 5  0  SQ.  IN. 


POSITION    NO.4 
AREA  0-23 


READING    NO. 18 
3-9-17 


POSITION    ON.  I 
AREA     0.-4-3 


POSITION    NO.2         POSITION    NO.3     POSITION    NO.4 
AREA      0.35  AREA    0.33  AREA    0.2.9 

AVG.  AREA    0.350  SQ.  IN. 

Fig.  25. 
(Two-thirds  Natural  Size.) 


intensity  of  pressure. 
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DIRECTION   OF   RAIL 


POSITION   NO.I 
AREA  0.-46 


READING    NO.  19 
3- 1 3- IT 


POSITION    NO.8      POSITION     N0.3 
AREA    0.-41  AREA    0.36 

AVS.AREA  0.3Q0  SQ.  IN. 


POSITION    NO.4. 
AREA     0.3  3 


POSITION    NO.I 
AREA    0.4& 


READING  N0.2 
3-15-17. 


POSITION     N0.2       POSITION   N0.3 
AREA   0.-4-6  AREA  0.39 

AVG.AREA    0.4125    SQ.IN. 


POSITION     N0.4 
AREA  0.35 


POSITION     NO.I 
AREA  0.4-9 


READING    NO.21 
3-19-17. 


POSITION     NO.E.       POSITION    N0.3 
AREA  O.  A-2.  AREA  0.33 

AVG.  AREA  0.3825  SG.  IN. 


POSITION    NO.4 
AREA  0.29 


POSITION    NO.I 
AREA  0.55 


READING    N0.22 
3-21-17 


POSITION    N0.£  POSITION     NO.3 

AREA   O. -41  AREA   0.38 

AVG.AREA    0.4175  SfilN. 


POSITION    NO  A 
AREA    0.33 


( Two  thirds  Natural 


PART  II— FIELD  TESTS. 

Area  of  Contact  Between  the  Rail  Head  and  the  Wheel  Tread. 

1.  The  roadbed  in  the  right  of  way  between  terminals  must  be 
graded  to  provide  the  foundation  support  for  the  track  and  the  wheel 
loads  of  the  equipment. 

2.  The  wheel,  a  tread  of  uniform  radius,  is  the  primary  mechanism 
for  the  mobile  support  of  itself  and  superimposed  loads  on  the  rails  in 
the  track.  A  pair  of  wheels  are  mounted  per  axle  and  two  or  more 
pairs  are  assembled  in  trucks  or  wheel  base  for  the  locomotives,  coaches 
or  cars. 

3.  The  wheels  roll  the  bearing  surface  of  their  treads  lengthwise 
across  the  radius  of  the  bearing  surface  of  the  rail  heads.  This  forms 
between  the  metal  of  each  to  support  the  moving  loads  the  pressure 
zones  of  contact,  which  become  an  area  of  contact,  instead  of  a  line 
contact,  owing  to  the  elasticity  of  the  metal  of  the  wheels  and  rails, 
and  of   both  as   structures. 

4.  Due  to  the  principle  of  mobility  of  the  wheel  on  the  track  for  its 
own  support  and  superimposed  loads,  the  areas  of  contact  must  become 
continuous  succeeding  pressure  zones  of  contact  between  the  wheel 
treads  and  rail  heads  for  the  distance  to  be  run.* 

5.  Due  to  the  principle  of  configuration  for  the  bearing  surface  of 
the  rail  head  and  the  bearing  surface  of  the  wheel  tread,  each  pressure 
zone  of  contact  has  a  circumjacent  larger  zone  of  bending  metal.  This 
general  condition  is  common  to  all  of  the  several  full  contours  of  the 
rail  heads  and  the  wheel  treads,  but  for  a  given  load  on  the  various 
radii  and  contours  of  the  rail  heads,  does  not  insure  or  produce  the 
same  square  inches  in  the  areas  of  contact.  Each  design  of  rail  head 
modifies  the  size  of  the  areas  of  contact  and  average  unit  intensity  of 
pressure  for  a"  given  contour  of  wheel  tread,  and  conversely  for  each 
contour  of  wheel  tread  on  the  same  rail  head. 

6.  The  bending  metals  in  the  circumjacent  larger  zones  of  the  areas 
of  contact  from  the  laws  of  mechanics  of  materials  must  become  greater 
areas  than  the  visual  areas  of  contact  to  carry  the  wheel  loads.  The 
distribution  of  strains  to  the  greater  areas  of  metal  should  moderate 
the  average  unit  intensity  of  pressure  as  usually  computed,  for  the  sur- 
faces in  contact  are  not  columns,  though  the  abrasions  are  limited  to 
the  areas  of  contact.  The  curves  of  the  bending  metals  in  the  greater 
areas  have  been  impressed  on  the  copper  sheets  under  the  wheels  on  the 
rails  in  the  track  for  the  small  areas  of  contact  of  high  unit  intensity 
of  pressure. 

7.  The  pressure  zones  of  contact  for  support  are  formed  by  the 
radii  of  the  rail  head  and  wheel  tread  in  juxtaposition,  and  each  is 
reinforced  by  the  circumjacent  larger  zone  of  metal  of  the  same  contour. 


*N0TE:  To  study  what  occurs  in  service  between  the  wheel  trea«ls 
and  rail  heads,  rolling  contacts,  as  well  as  areas  of  contacts,  were  taken 
on  thin  copper  sheets.  I 
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The  pressure  zone  contacts  are  neither  sharp  points  nor  knife  edges, 
but  are  surfaces,  which  by  their  elasticity  within  the  elastic  limits  of 
the  steel  of  the  rail  and  the  wheel,  can  enlarge  to  form  the  areas  of 
contact  in  proportion  to  the  loads  applied.  This  is  a  favorable  condition 
of  construction  and  action  which,  with  well  conformed  contours  of  rail 
heads  and  wheel  treads  as  the  loads  arc  augmented,  enlarges  automat- 
ically the  areas  of  contact  in  like  ratio.  There  are  a  number  of  labor- 
atory tests  on  72  and  80-inch  drivers  on  smooth  worn  rails  which 
indicate  this  fact  for  the  same  rail  head  and  wheel  tread,  and  also  is 
confirmed  nearly  by  Mr.  Onderdonk's  tests  on  the  old  rail.  Such  tests 
indicate  that  within  the  volume  of  elasticity  of  the  metals,  the  average 
unit  intensity  of  pressure — the  load  divided  by  the  square  inches  of  the 
area  of  contact — expresses  an  empirical  constant  for  multiple  loads  on 
72  to  80-inch  drivers.      (See  Table  27.) 

Table  27. 

Result  of  Static  Tests  showing  Areas  of  Contact  between  12  to  80 
inch  drivers  for  four  increasing  loads  and  five  decreasing  areas 
of  contact,  though  in  the  latter  a  larger  range  occurs  in- 
SERVICE. 

Load  in         Ar 
Pounds.       in  i 

15,000 

20,000 

25,000 

30,000 

15,000 

20,000 

25,000 

30,000 

15,000 

20,000 

25,000 

30,000 

15,000 

20,000 

25,000 

30,000 

15,000 

20,000 

25,01)0 

30,000 

It    ni.i\    be   possible   thai    an   empirical    constanl    For   multiple    ' 
will  h<    found  by  laboratory  I   33-inch  cast   iron  wheels  and  .*(> 

null  steel  wheels,    The  required  is  nol  possible 

under  tin    wheel  loads  on  tin-  deformed  rails  in  the  track,    The  a> 
unit  mini  mi  the  siualli  i  wheels  will  have  a  high 

than  those  for  drv 

A   high  iJ    accuracy   must  obtain   in   loading  .mil   measuring 

the  ai  ontacl   t"  secure  within   1000  pound!  below  the 

probable   valu<    of   each    re  nit,   while  the  errors    ■■:    tin    observations  >>t 


F  Contact 

Average  unit  intensity 

>-e  Inches. 

of  Pressure  in  Pounds. 

0.24 

62,500 

0.32 

62,500 

0.40 

62,500 

0.48 

62,500 

0.21 

71,429 

0.28 

71,429 

0.35 

71,420 

0.42 

71,429 

0.18 

83,333 

0.24 

83,333 

0.30 

N.U33 

0.36 

83,333 

0.1? 

100,000 

0.20 

100,000 

0.25 

100.0110 

0.30 

100,000 

0.12 

125,000 

0.0. 

1 25,000 

0.20 

125,000 

0.24 

125,000 
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each  kind,  should  also  he  adjusted.  New  rails  with  the  mill  scale  on 
the  bearing  surface  of  the  heads  as  rolled,  or  rusty  rails,  should  not  be 
used  for  such  tests  as  formerly  was  the  case. 

8.  The  pressure  zones  of  contact,  to  be  more  easily  comprehended, 
can  be  considered  as  momentary  abutments  on  the  rail  heads  and  on 
the  wheel  treads  to  receive  the  running  wheel  loads,  and  transmit  their 
strains  for  support  to  a  larger  foundation  of  metal. 

9.  The  rolled  metal  layers  of  the  supported  and  the  circumscribed 
area  of  contact  both  of  the  rail  head  and  the  wheel  tread,  seem  to  be 
put  in  condition  to  exercise  their  greater  modulus  of  compression — vol- 
ume of  elasticity — which  is  about  three  times  greater  than  their  lesser 
modulus  of  linear  elasticity. 

10.  The  rolled  layers  of  metal  ih  to  iV  of  an  inch  thick  in  the 
wheel  treads  and  in  the  bearing  surfaces  of  the  rail  heads,  exercise 
several  useful  functions  in  and  near  the  pressure  zones  of  contact  to 
sustain,  modify,  and  distribute  the  wheel  load  effects.  The  rolled  layer, 
by  its  increased  firmness,  enlarges  the  zone  of  the  surface  distribution 
of  the  contact  strains,  protects  the  softer  metal  underneath  and  lessens 
the  rate  of  abrasion. 

The  rolled  layer  in  the  bearing  surface  of  the  rail  head  or  the  steel 
wheel  triad,  becomes  important  for  service  conditions.  It  wears  down 
by  abrasion,  thickens  underneath  at  about  the  same  rate,  and  in  the 
broad  heads  of  good  metal  by  tests  never  loses  all  of  its  ductility. 

These  useful  functions  in  a  general  way  were  observed  in  the  early 
service  of  Bessemer  steel  rails  between  the  several  widths  of  heads  and 
radii  of  the  bearing  surface.  The  different  interpretations  of  the  results 
by  railroad  officials  led  to  the  establishment  of  two  distinct  systems  of 
practice : 

1.  Thin   broad   beads   of   long  radii. 

2.  Deep  narrow  heads  of   short   radii. 

Areas  and  Rolling  Contacts  Under  Drivers  and  Wheels  o'.i  the  Track. 

The  areas  and  rolling  contacts  were  taken  on  copper  sheets  of 
about  0".0015  inch  in  thickness  under  the  wheels  of  locomotive  No.  3362, 
Pacific  type,  which  had  just  passed  through  the  ■-hops;  therefore  the 
lulled  layer  of  metal  in  the  treads  was  of  little  thickness. 

Tin  wheels  under  the  locomotive  for  the  Front  truck  and  tender  are 
36-inch  solid  steel  wheels.  The  drivers  are  79  inches  in  diameter  with 
steel  tires  3*/  inches  thick.  The  pair  of  trailers  are  50  inches  in  diam- 
eter with  steel  tires  3l/>  inches  thick.  The  contours  for  all  of  the 
wheels,  the  inclination  of  the  tread  is  1  in  38,  width  2^4  inches,  with  a 
chamfer,  \  jj  -inch  to  the  rim. 

;kc  the  areas  of  contact,  each  wheel  was  raised  by  itself,  then 
the  copper  sheel  was  inserted  between  it  and  the  rail,  the  wheel  lowered. 
and  again  raised  to  remove  the  copper  sheet  with  its  impression. 

The  thin  copper  sheets  require  to  be  so  delicate  for  the  work  that 
in  handling   them   under  the   wheels   on   the   rails,   wrinkles   occurred  in- 
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dependent  of  the  area  of  contact.  Several  of  the  static  contacts  had  to 
be   repeated. 

Fig,  28  is  a  halftone  reproduction  of  the  areas  and  the  rolling  con- 
tacts. The  impressions  of  the  metal  in  the  wheel  treads  due  to  its  elas- 
ticity and  that  of  the  lower  part  of  the  wheel  as  a  structure  are  convex 
on  top,  and  concave  on  the  underside,  for  the  rail  head.  Steel  tires  of 
more  mileage  and  with  a  firmer  rolled  layer  in  the  tread,  or  those  of 
cast  iron  wheels,  do  not  show  as  much  convexity. 

The  central  depression  of  several  of  the  contacts  in  the  reproduc- 
tion is  due  to  the  pressure  of  the  glass  plate  under  which  they  were 
held  to  be  photographed. 

The  static  load  of  construction  of  a  given  wheel  is  the  product  of 
the  average  pressure  by  the  square  inches  in  the  area  of  contact  in- 
scribed on  Fig.  28  for  that  wheel. 

The  pressure  zone  contacts  produce  three  distinct  types  of  the  areas 
of  contact  in  the  track. 

1.  When  the  major  axis  is  coincident  with  that  of  the  rail,  a 
longitudinal,  oval  or  elliptical  contact. 

2.  When  the  major  axis  is  across  the  rail,  a  transverse  oval,  or 
elliptical  contact. 

3.  When  the  axes  are  equal,  forming  a  round  contact,  the  pressure 
zones  seem  to  be  transformed  into  two  spheroids. 

Contours  of  the    Rail   Heads  and   Wheel   Treads. 

The  contours  of  the  rail  heads  and  wheel  treads  were  taken  and 
reproduced  in  the  relative  positions  they  occupied  in  the  track.  The  gage 
side  of  the  rail  head  is  depressed  and  worn  below  its  contour,  while  the 
outside  corner  is  built  up  square.     (See  Fig.  29.) 

The  rails  were  the  New  York  Central  former  standard  6-inch,  100-lb., 
of  Bessemer  steel,  rolled  in  1907.  The  rails  therefore  had  a  worn,  rolled 
and  deformed  bearing  surface  to  distribute  the  wheel  loads.    (  See  Fig.  29.) 

The  static  and  rolling  contacts  under  33-inch  cast-iron  wheels  were 
from  a  New  York  Central  R.  R.  loaded  coal  car,  No.  341278  I  sec  Fig.  31). 
in  which  three  show  that  the  major  axes  are  across  the  tread.  (See  Fig. 
35.)  These  wheels  had  been  in  service  four  to  seven  years  and  the  treads 
worn  slightly  hollow,  which  often  would  produce  the  Transverse  Oval, 
or  Elliptical  type  of  contact,  while  new  cast-iron  wheel  treads  would  be 
limited  to  the  round  type  for  the  majority  of  Contacts. 

The  contours  of  the  rail  heads  and  the  wheel  treads  as  taken  in  the 
track-  with  the  rolling  contacts  are  shown  in  their  relativ*    position 
age  side  of  the  head,  and  arc  reproduced  in   Fig,  30.    The  .r 
unit  intensity  of  pressure  for  one  hall  ol  the  wheel-  figures  over  100,000 
pounds  apiea  , 
Rolling  Contacts  Under  the  Wheels  on  the   Rail   Heads. 

cure  thi    rolling  contacts,  the  coppci   sheet-  wen    placed  ; 
•  .ii  h   wheel,  then  the   locomotive    run  ovei    then  and  stopped,  and  the 
noved       I'h'    thin  coppei    duel-  are  bo  low   in  clastic  hunt  that 
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in    the    pressure    zone    contacts,    they    retain    most    of    their    impression, 
either  of  the  elliptical  or  round  form,  when  the  wheels  arc  raised  from 
the  rail. 
Measurements  for  the  Uniformity  of  Pressure  in  the  Rolling  Contacts. 

Some  of  the  thin  copper  sheets  used  to  obtain  the  areas  of  contact 
and  all  of  the  rolling  contacts,  have  been  mounted  between  two  pieces 
of  prepared  brass  and  united  by  solder,  then  the  pieces  sawed  in  two  or 
more  parts,  and  the  transverse  edges  polished.  The  technique  is  diffi- 
cult, as  would  be  expected,  but  is  being  mastered  as  skill  and  experience 
are  acquired  in  the  preparation  of  the  mounts. 

The  minute  pits  in  the  steel  of  the  rail  head  or  the  wheel  tread 
may  be  partially  filled  with  copper,  but  unless  continuous,  become  dis- 
tinct protuberances,  and  need  not  be  included  in  measurements  by  a 
Filar  micrometer.  These  protuberances,  as  well  as  scale,  rust  or  dust 
from  either  the  wheel  tread  or  the  rail  head,  are  included  by  the  or- 
dinary contact  micrometer,  and  therefore  cannot  be  used. 

The  measurements  of  the  copper  mounts  have  been  made  under  the 
Filar  micrometer  on  the  microscope  stand  designed  by  Dr.  Dudley  to 
be  free  from  tremors,  and  had  especially  constructed  to  measure  the 
•  unit  strains  in  the  base  of  rails  under  moving  trains,  autographically 
recorded  by  his  Stremmatograph  on  phosphor  bronze  slides.  One  space 
of  the  micrometer  head  reads  to  one  micron,  and  a  reading  to  one-half 
space  or  less,  is  usually  possible.  The  reduction  of  the  measurements 
often  carric-  them  out  to  0.00001  of  an  inch  for  comparison,  "but  the 
last  decimal  is  only  the  nearest  approximation.  The  areas  and  rolling 
contacts  on  the  thin  copper  sheets  under  steel  wheels  and  tires  show  a 
little  more  intensity  of  pressure  near  the  center  of  the  contact  by  the 
greater  reduction  in  thickness  of  the  copper,  though  the  measurements 
are  more  uniform  over  a  central  area  than  generally  expected,  particu- 
larly the  79-inch  drivers.  The  contacts  under  new  cast  iron  wheels 
show  the  greatest  intensity  of  pressure  at  and  around  the  center  of  the 
contact,  while  worn  cast  iron  wheels  show  more  favorable  types  of 
contacts. 

The  static  areas  of  contact  taken  upon  the  rail  in  the  track  under 
the  wheel  treads,  the  major  axis  is  generally  lengthwise  of  the  rail  ex- 
cept for  some  of  the  33-inch  cast  iron  wheels  which  were  worn  slightly 
hollow  in  the  tread.  The  ellipses  arc  oval  or  pointed  whether  the  major 
axis  is  longitudinal  or  transverse.  The  contacts  on  the  Sparrows  Point 
machine  show  the  major  axes  are  across  the  head  of  the  rail,  which 
would  be  the  ease  with  only  one  wheel  passing  Eorward  and  backward  on 
the  same  rail.  This  differs  from  track  conditions  by  the  same  wheel 
and  rail  being  used  for  the  wear  of  the  successive  areas  of  contact.  The 
ellipses  are  not  as  oval  or  pointed  in  the  major  axes  as  those  taken  on 
the  track. 

The  wheel  treads  of  service  are  shaped  by  thousands  of  rails,  some 
partly  worn  and  others  nearly  ready  to  be  removed  from  the  track, 
while  the  contour  of  the  rail  head  is  also  worn  by  thousands  of  wheels, 
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and  service  conditions  should  be  studied  to  maintain  or  improve  them. 
The  rolling  contacts  measure  wider  under  the  Filar  micrometer  than 
the  estimate  of  the  visual  contact,  for  the  reason  that  traces  of  the 
circumjacent  zone  are  included  and  the  gradual  reduction  in  thickness 
of  the  copper  sheet  is  more  readily  found  under  magnification  than  by 
the  eye.  The  mounts  are  measured  on  the  stage  to  each  one-half  milli- 
meter of  length. 

The  measurements  of  the  thickness  of  the  copper  sheets  placed 
under  wheels  of  railroad  equipment  are  the  first  ever  made  so  far  as 
we  know,  either  for  static  or  rolling  contacts  on  rail  heads,  and  the 
technique  for  the  research  had  to  be  developed. 

The  results  indicate  the  favorable  relations  which  do  and  can  exist 
between  the  wheel  treads  and  rail  heads  much  better  than  words  can 
express,  therefore  are  of  practical  and  scientific  value. 

The    tables    of    the   measurements    of    the    rolling   contacts    at    right 
angles  to  the  rail  lengths,  differ  in  size  per  wheel,  as  would  be  expected 
from  a  study  of  the  forms  and  fractions  of  a  square  inch  in  the  differ- 
"ent  types  of  the  areas  of  contact  in  Fig.  28,  and  their  plotted  illustra- 
tions in  Fig.  32. 

Some  of  the  variations  per  wheel  are  due  to  the  treads  just  turned 
in  the  shop  before  they  had  worn  smooth  over  their  width  excluding 
the  chamfer.  The  major  portion  of  the  variations  are  due  to  the  worn 
and  deformed  bearing  surface  of  the  rail  heads  in  combination  with  the 
important  factor  that  the  two  wheels  on  the  same  axle  arc  mounted 
with  three-fourths  of  an  inch  play  between  the  flange  and  that  of  the 
gage  of  the  track. 

One  flange  mav  be  near  the   rail  head  while  the   opposite   wheel  on 

the  same  axle  must  be  off  and  the  two  contacts  arc  not  equally  centered 

over  the  rail  head.     The  curve  of  the  wheel  tread  and  the  curve  oi  the 

rail  head,  which  between  them  form  the  point  of  osculation   for  contact 

and  support,  may  be  on  opposite  sides  of  the  tangent  common   to  both 

curves  and  produce  the  type  of  area  of  contact  of  a  small  longitudinal 

al.     (  See  Fig.  33.) 

The   opposite    wheel    tread    with    flange    off    from    the    rail    bead,    its 

curve  and  that  of  the   rail  head,  which  between  them   t'orm   the  point  oi 

osculation,  may  be  on  the  same  side  of  the  common  tangent  oi  both  and 

luce  either  the  type  of  area  of  contact  of  a  large  longitudinal  oval  or 

transverse  oval     <  Sec  Fig.  34.) 

The  wheel   tread  and   the   rail   head   separated  by  the  thin  copper 

»hee1      lertd  possible  the  impressions  of  the  bending  metals  in  the 

imjacent  larger  ion*  oi  the  ana  oi  contact.    The  impressions  were 

by  the  measurements  of  the  copp<  i    '"   '     ""  Tables  L  and  H, 

and   indicated  on  one  Bide  or  both  in  several   others,  and  confirm  the 

which   we  considered  and   stated   as  a   theory    from   th     I 
Median*     oi    Material    bi  Section        and  6     Thi    makes  the  di 
h,    plotted  Table  L  interesting  and  instructive. 
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It  was  not  expected  to  obtain  in  the  track  indications  as  complete  a> 
these  where  dust  and  scale  on  the  wheel  treads  and  rail  heads  often  ar< 
abundant  and  contacts  of  uniform  pressure  on  the  worn  and  deformed 
bearing  surface  of  the  rail  heads  arc  so  difficult  to  secure. 

The  deformed  rail  heads  arc  those  in  which  the  metal  of  the  bear- 
ing surface  is  depressed  and  worn  on  the  gage  side  below  its  proper 
contour,  yet  the  outside  corner  builds  up  square  from  the  great  variety 
of  the  wheel  contours.  This  concentrates  the  wheel  loads  on  a  narrow 
bearing  surface  of  one- fourth  to  one-half  of  an  inch  in  width  on  the 
head  between  the  gage  side  and  the  center  of  the  head.  The  unit  stresses 
in  the  base  of  the  rail  arc  often  larger  in  the  outside  flange  than  in  the 
inner  flange. 

The  rail  heads  which  are  worn  uniformly  over  the'  entire  contour 
of  the  head  arc  uninjured,  while  the  wheel  load  pressures  are  dis- 
tributed to  nearly  an  inch  or  more  in  width  of  the  bearing  surface,  there- 
fore to  a  greater  mass  of  metal  with  less  average  unit  intensity  of 
pressure.  The  unit  stress  in  both  flanges  of  the  base  of  the  rail  is 
more  nearly   uniform   under   this   favorable   loading. 

The  curves  have  been  plotted  from  the  respective  tables  on  tin- 
assumption  of  an  equal  reduction  of  the  thickness  of  the  copper  sheets 
above  and  below  the  median  line  of  the  illustration.  The  upper  and 
lower  surfaces  of  the  figure  by  this  method  show  in  the  measured  line 
of  the  rolling  contacts  the  outline  of  the  reduced  thickness  of  the  copper 
in  hundred-thousandths  of  an  inch,  indicating  the  uniformity  of  pressure- 
to  carry  and  support  the  wheel  loads.  It  may  be  possible  in  the  future 
to  assign  to  each  metal  of  the  wheel  tread  and  rail  head  its  portion  of 
contributed  elasticity. 

The  median  line  in  the  area  of  contact  of  the  illustration  is  used 
to  represent  approximately  the  metal  surfaces  of  the  pressure  zones  of 
contact  of  the  wheel  tread  and  the  rail  head,  which  form  the  area  of 
contact  due  to  their  elasticity.  This  represents  only  a  part  of  the 
elasticity  of  the  metals  of  the  wheel  tread  and  rail  head  and  their 
structures  exercised  to  support   the  wheel  loads. 

To  help  the  mind  grasp  the  minute  reduction  of  the  copper  sheets 
to  carry  the  wheel  loads,  the  illustration  of  the  plotted  Table  L  will  be 
used  for  an  explanation.  This  was  a  small  longitudinal  oval  0.14  square 
inches  of  the  area  of  contact,  the  major  axis  was  one-half  inch  long 
and  the  minor  axis  three-eighths  of  an  inch  wide.  The  minor  axis  oi 
the  circumjacent  zone  of  bending  metals — including  that  of  the  area 
of  contact — is  seven  tim<  s  wider  than  the  original,  but  the  minor  axis 
of  the  area  of  contact,  eight  times.  The  draughtsman's  median  line  od 
the  illustration  is  five  hundred  and  four  hundred-thousandths  (0". 00504) 
of  an  inch  thick,  thirty-six  times  the  fourteen  hundred-thousandths  of 
an  inch  (0".00014),  for  the  measured  reduced  thickness  of  the  copper 
at  the  rent-  r  of  the  contact  to  carry  the  wheel  load  as  plotted  in  the 
scale  for  the  Illustrations. 
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We  are  dealing  in  these  measurements  with  smaller  fractions  of 
an  inch  than  can  be  measured  by  ordinary  micrometers  and  between  the 
pressure  zones  of  contact  of  the  wheel  tread  and  rail  head,  one  hun- 
dred-thousandth of  an  inch   (0".00001)   is  divided  several  times. 

The  plotted  curves  on  such  a  large  scale  will  often  appear  irregular 
from  dust  or  scale  on  the  wheel  tread  or  rail  head  which  cannot  be 
avoided  in  a  track  which  is  but  one  of  a  series  of  tracks  with  trains 
passing  nearly  every  minute. 

Table  A  is  given  herewith  as  a  sample  of  the  numerous  tables  of 
measurements  from  which  the  graphics  were  made. 

Sample  Table  A. 

Measurements  of  the  Thickness  of  the  Copper  Sheet  for  Rolling  Contact. 

Cast  Iron  Wheel,  R.  1-B,  Coal  Car  No.  341278,  Date,  1-15-18. 

Type  of  Area  of  Contact,  Round.     0.16  Sq.  Inches. 


Stage  Position 
in  mms. 

Micrometer  Readings 

Remarks 

Microns 

Reduced  to 

Decimals  of 

an  Inch 

Reduction  in 

Thickness 
From  Normal 

17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
20.5 
21.0 
21.5 
22.0 
22.5 
23.0 
23.5 
2l.ll 
24.5 
25.0 
25.5 
26.0 
26:5 
27.0 
27.5 
28.0 
28.5 
29.0 
29.5 
30.0 
30.5 
31.0 
31.5 
32.0 

38.0 

38.0 

38.0 

38.0 

36.0 

35.5 

35.5 

35.0 

35.0 

35.0 

35.0 

35.0 

34.5 

34.5 

34.5 

34.5 

35.5 

35.5 

35 . 5 

35.5 

35.5  " 

35.5 

35.5 

35.6 

35.5 

36.5 
37.5 

88.0 

38.0 
38.0 

ll  ".001 52 
0'. 00152 
0'. 00152 
0'. 00152 
0'. 00144 
0'. 00142 
0". 00142 
D". 00140 
0". 00140 
D'.OOMO 
0'. 00140 
O'.OOWO 
ii". 00138 
ii  00138 
01^8 
o'.oows 
0'. 00142 
0*. 00142 
0'. 00142 
0'.Q0142 

0';00 

0*. 00142 

142 

n'  00142 
0*. 00142 
n"  00142 
0146 
o'  00150 
0*. 00152 
0'. 00162 
0'. 00162 
O'.OO 

0'. 00000 

0'. 00000 

0*. 00000 

0*.  00000 

0'. 00008 

0'. 00010 

0*. 00010 

0'. 00012 

0*. 00012 

0'. 00012 

0'. 00012 

•  0'. 00012 

0'. 00014 

0'. 00014 

0'. 00014 

0'. 00014 

0'. 00010 

0'. 00010 

0*. 00010 

0'. 00010 

0'. 00010 

O'.eooio 

0*. 00010 

ii  1010 

0'  00010 

0'. 00010 

0'. 00006 

O'.OO 

0'. 00000 

0'. 00000 

0'. 00000 

0'. 00000 

Note. — Copper  sheet   somewhat   rouph  due  to  Irregularities  in  the  wheel 
tread,  0.1  to  0.2  of  mm.  In  length. 


538 


RAIL. 


i  <i  i   i  mm  ■  1 1  <  i  >     — 


■ 


......   *;*fc*  *Mm*y 

HI 

*4  tenter            &M6i    ' 

Fig.   28,-AheAS    and   Rolling    Contacts   of   Locomotive   and  Tender 

Wheels. 
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CW7WX5  Of  CAST  fflQV  /Y//2L5  OY  ffiEL  MILS 
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Fig.  30. — Contours  of  Rails  and  Wheels,  Car  341278. 
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*1eo5unrrnenfs  of    rhe   ffo//ing  Contacts   Under    A/  YCffR  Locomotive  JJ52 
P/o/ted    /b  5nort  fibOuced    fhicliness  or  Copper   jheet   for  ri/ieel 

Table  a  Table  k 

u/t /*>  /  Ent/me  Trtx*-/i/pec/Q>r*xtSmatl  /found  Arte-O/Jsc  in  f*}hf At>  /  Engine  true* -  Type at Confix/  long  Oval  ■  Anx>-0l6  so  to 


Tabu  8  CABLE  L 
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In;    32. — Reduction  of  Thickness  of  Copfeb  Sheets  i\  Rolling  Con- 
tacts, Locomotive  3362. 
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d  j&nc&n?  /rra<?  /r/>/c/>    /orma    //*r  aa/t/  o/  &5<t/jbf*an 
tefncen    //*•  /v/ey  fctxt  a/&  /if//  Ao&  m/h   /V  a&nmon   Jbrtgcn? 
AeAmr/r  for  sur&ass    //>   opn/ac/ 

Fig.  33.— Diagram  Showing  Point  of  Osculation  of  Rail  and  Wheel. 
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I' 14.    Diagram  Showing  Poini  of  Osculation  oi    Rati    uto  Wheei 
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Fig.  35.  -Reduction  of  Thickness  of  Copper  Sheets  in  Rolling  Con- 
tacts, Car  341278. 


Fig.  36. — Showing  the  Method  of  Mounting  the  Copper  Strips  of  the 

Area  of  Contact  or   Rolling  Contacts   Between  the  Two 

I'n  ces  of  Brass  in  Which  All  of  the  Surfaces 

Are  United  by  a  Matrix  of  Solder. 


REPORT  OF  COMMITTEE  XVIII— ON  ELECTRICITY. 

Edwin  B    Katte,  Chairman;  A.  G.  Shaver,  V ice-Chairman; 

A.  H.  Armstrong,  George  W.  Kittredge, 

H   M.  Bassett,  C  E-  Lindsay' 

Z.  M.  Briggs,  W.  L.  Morse, 

D   J.  Brumley,  W.  S.  Murray, 

R.  D.  Coombs,  J-  A-  Peabody, 

A.  O.  Cunningham,  Frank  Rhea, 

Walt  Dennis,  J-  R-  Savage, 

R   H    Ford  M-  Schreiber, 

W.  F.  Graves.  H.  U.  Wallace, 

Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  presents  herewith  its  report  for  the  year  1917. 
The   following  outline  of   work  was  assigned  to  this   Committee  by 

the  Board  of  Direction: 

1  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and  submit  definite  recommendations  for  changes. 

2  Keep  up  to  date  all  statistical  data  relative  to  clearances  of  third 
rail  and  overhead  structures.  „ 

3.  Report  on  the  study  of  electrolysis  and  insulation  and  its  effect 
on  reinforced  concrete  structures.  .,.„    .n 

4.  Report    on    study   of    maintenance    organization,    and    relation    ,o 

track  structures  •  •  i 

5  Report' on  proper  type  of  overhead  catenary  construction,  with 
particular  reference  to  the  consideration  oi  providing  clear  vision  tor 
signals,  co-operating  with  the  Committee  on  Signals  and  Interlocking. 

6  Report  on  utilization  of  water  power  for  electrical  railway  op- 
eration, in  collaboration  with  the  Committee  on  Conservation  oi   Natural 

7  Report  recommended  practice  for  eliminating,  as  far  as  prac- 
ticable, the  interference  with  telephone  and  telegraph  lines  caused  by  the 
use  of  propulsion  circuits.  . 

8  Report  on  the  interference  with  telegraph  and  telephone  circuits, 
caused  by  th  a   direct   current    propulsion  circuit   and   methods 
eliminating  this  eflfecl  as  Ear  as  is  practicable.         _ 

9  Continue  co  operation  with  the  National  Joint  (  ommitte<  on  biec- 
trolysis  and  the  National  Joint  Committee  on  Overhead  and  I  nderground 
Line  Construction.  .  .       . 

10.  Study  and  make  report  on  any  desirable  changes  in  the  National 
Electrical  Safetj  Code  issued  by  the  Bureau  of  Standards. 

COMMITTEE   Mil  TINGS. 
Three  mi  etings   were  n<  Id  during  th<    y<  ar,  as  Eollows: 
Tlir  tir  i   meeting  was  held  al   Niagara  Falls,  Augusl   17th.  1917,  the 
following  members  being  present: 

Edwin    B.    Katte,   I  hairman;    H.    M     Bassett,   Z.    M  '    J 

Brumley,  R    H    Ford,  Walt  Dennis,  C  E    Lindsay,  W.  L    Morse,  I    R 
Savage,   M.   Si  hreibt  l 
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At  this  meeting,  sub-committees  were  appointed  and  the  work  for 
the  year  outlined. 

The  second  meeting  was  held  in  Buffalo,  N.  Y.,  December  12th.  1917, 
the  following  members  being  present : 

Edwin  B.  Katte,  Chairman ;  A.  H.  Armstrong,  W.  L.  Morse,  M. 
Schreiber. 

This  meeting  was  preceded  by  a  heavy  snowstorm  which  prevented 
many  members  of  the  Committee  from  attending.  The  work  of  the  day 
consisted  in  a  review  of  the  reports  of  Sub-Committees  on  Electrical 
Definitions,  Third  Rail  and  Overhead  Clearances,  Electrolysis  and  In- 
sulation, and  Water  Power. 

The  third  meeting  was  held  in  New  York  City,  December  20,  1917, 
the  following  members  being  present: 

Edwin  B.  Katte,  Chairman;  A.  H.  Armstrong,  H.  M.  Bassett,  R.  H. 
Ford,  George  W.  Kittredge,  \V.  L.  Morse,  M.  Schreiber,  L.  S.  Wells, 
representing  J.  R.  Savage. 

At  this  meeting  the  reports  of  the  sub-committees  were  read,  revised 
and  ordered  submitted  to  the  Association,  as  follows : 

(ITEM  1)     REVISION  OF  MANUAL. 

SUB-COMMITTEE   NO.    1. 

A.  H.  Armstrong,  Chairman;  C.  E.  Lindsay, 

R.  D.  Coombs,  W.  F.  Graves. 

George  W.  Kittredge, 

The  following  definitions  are  submitted  for  publication  in  the  Pro- 
ceedings with  a  view  of  their  final  adoption  for  the  Manual  after  a  year's 
trial.  These  definitions,  so  far  as  possible,  conform  with  those  adopted 
by  the  U.  S.  Bureau  of  Standards,  printed  in  the  National  Electrical 
Safety  Code,  and  those  of  the  American  Institute  of  Electrical  Engi- 
neers. It  is  recommended  that  the  definitions  be  adopted  tentatively,  with 
the  understanding  that  they  will  be  reconsidered  in  the  light  of  sugges- 
tions which  may  be  received  during  the  coming  year. 

It  will  be  noted  that  the  definitions  are  arranged  in  alphabetical 
order,  rather  than  in  logical  sequence.  This  has  been  done  with  a  view 
of  conforming  to  the  common  usage  in  the  Manual.  Words  in  paren- 
thesis after  each  definition  indicate  new  definitions  by  the  word  "pro- 
posed" or  the  source  of  existing  definitions. 

Electrical  Definitions. 

Bond. — A  metallic  means  for  connecting  two  rails  to  permit  of  passage 
of  electric  current.     (A.  R.  E.  A.  Manual.) 

Bonder. — An  employe  qualified  to  install  or  maintain  bonds  and  their  ap- 
purtenances.    (Proposed.) 

Bracket  Support. — An  arm  supporting  the  trolley  wire  or  catenary. 
(Proposed.) 
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Bridge  Support. — A  rigid  overhead  structure  upheld  at  each  end,  support- 
ing the  trolley  wire  or  catenary.     (Proposed.) 

Cable. — Wires  bound  together,  acting  as  a  conductor.     (Proposed.) 

Catenary  Suspension. — All  forms  of  overhead  trolley  construction  in 
which  the  trolley  wires  are  attached  to  one  or  more  supporting  cables, 
which  in  turn  are  attached  to  the  main  supporting  system.  (Pro- 
posed.) 

Clearance  Line  (Equipment). — Lines  beyond  which  no  part  of  the 
equipment  shall  project.  Allowance  must  be  made  by  equipment 
manufacturers  for  new  equipment  for  wear  on  journals  and  brasses 
on  axle  collars,  on  rails,  on  wheels,  compression  of  springs,  sagging 
of  center  of  car,  constructional  variations,  end  play,  broken  springs, 
etc.     (A.  R.  E.  A.  Manual.) 

Clearance  Line  (Third  Rail). — Lines  beyond  which  no  part  of  the 
third  rail  structure  shall  project.     (A.  R.  E.  A.  Manual.) 

Conductor. — A  continuous  metallic  path  for  the  flow  of  electricity.  (Pro- 
posed.) 

Contact  Conductor. — That  part  of  the  distribution  system  other  than 
the  traffic  rails  which  is  in  immediate  electrical  contact  with  the  cir- 
cuits of  the  cars  or  locomotives.     (A.  I.  E.  E.  706.) 

Contact  Rail. — A  rigid  contact  conductor.     (A.  I.  E.  E.  767.) 

Contact  Rail  (Overhead). — A  contact  rail  above  the  elevation  of  the 
maximum  equipment  line.     (A.  I.  E.  E.  768.) 

Cross  Span  Support.— Flexible  overhead  wires  or  cables  upheld  at  each 
end,  supporting  the  trolley  wire  or  catenary.     (Proposed.) 

Direct  Suspension. — All  forms  of  overhead  trolley  construction  in  which 
the  trolley  wires  are  attached  by  insulating  devices  directly  to  the 
main  supporting  system.     (A.  I.  E.  E.  780.) 

Distribution  System. — That  portion  of  the  conductor  system  which 
carries  current  of  the  kind  and  voltage  received  by  the  cars  or  loco- 
motives.    (Proposed.) 

Duct  Line. — A  structure  consisting  of  one  or  more  pipes  laid  up  in  banks 
in  which  may  be  placed  wires  or  cables.     (Proposed.) 

Electrical  Supervisor. — An  official  of  the  division  staff,  qualified  to 
supervise  the  maintenance  of  the  electrical  transmission  and  working 
conductors,  outside  of  the  power  stations  and  sub-stations.  (A.  R. 
E.  A.  Manual.) 

Jumper. — A  cable  used  to  connect  the  ends  of  two  contact  conductors. 
(A.  R.  E.  A.,  Vol.  18,  page  145.) 

Patkoi.mi:n. — Employes  qualified  to  inspect  and  make  minor  repairs  to 
trade  and  third-rail  structure,  cables  ami  wires,  and  to  use  hand 
signals  for  the  protection  <>i  trains.     (A.  R.  E.  A.  Manual.) 

Pulling  Chamber. — A  chamb<  r  similar  to  hut  smaller  than  the  splicing 
chamber,  ami  used  primarily  For  pulling  cables  ami  wires  into  ducts. 
(A.  R.  V..  A,  Vol.  IS,  page  145.) 

Splicing  Chamber. — A  chamber  in  a  dud  line  where  cables  arc  spliced 
and  inspected    (A,  R.  !•'.   V,  Vol,  is,  page  144.) 
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Sub-Station. — A  group  of  apparatus  or  machinery  which  receives  cur- 
rent  from   a   transmission   system,   changes   its  kind  or  voltage   and 

delivers  it  to  a  distribution  system.     (A.  I.  E.  E.  762.) 
Third  Rail. — A  contact  conductor  placed  at  either  side  of  the  track,  the 

contact  surface  of  which  is  a  few  inches  above  the  level  of  the  top 

of  the  track  rails.     (A.  I.  E.  E.  769.) 
Third  Rail  Gage. — Distance  measured  parallel  to  plane  of  top  of  both 

running  rails  between  gage  of  nearest  running  rail  and  inside  gage 

line  of  third  rail.     (A.  R.  E.  A.  Manual.) 
Traction    Linemen. — Employes    qualified    to   maintain    wires    and   cables 

and    their   appurtenances    for    all    railroad   voltages.      (A.    R.    E.    A. 

Manual.) 
Transmission  System.— That  portion  of  the  conductor  system  carrying 

current  of  a  kind  or  voltage  different  from  that  received  by  the  cars 

or  locomotives.      (Proposed.) 
Transmission  Line. — A  system  of  towers  or  poles  and  cables  or  wires 

carrying    current    from    the    source    of    power    to    the    sub-stations. 

(Proposed.) 
Trolley  Wire. — A  flexible  contact  conductor  customarily  supported  above 

the  cars.     (A.  I.  E.  E.  777.) 

(ITEM   2)     CLEARANCES— THIRD-RAIL    AND    OVERHEAD. 

sub-committee  no.  2. 

H.  M.  Bassett,  Charrman;  W.  F.  Graves, 

A.  O.  Cunningham,  J.  A.  Peabody. 

A.  G.  Shaver, 

The  Committee  has  during  the  past  year  communicated  with  officers 
of  railroads  operating  electrically,  either  by  third  rail  or  overhead  con- 
ductors. No  radical  changes  have  been  adopted  with  the  exception  of 
broadening  the  number  of  inquiries  and  the  replies  cover  a  larger  num- 
ber of  railroads  this  year  than  formerly. 

Tabular  statement  No.  1,  page  549,  shows  data  covering  third  rail 
clearances  on  various  roads  in  the  United  States  brought  up  to  date  as 
of  November  1st,  1917. 

Tabular  statement  No.  2,  sheets  1,  2,  3,  4,  5  and  6,  on  pages  550-555. 
shows  data  covering  overhead  clearances  on  electrified  railroads  brought 
up  to  date  as  of  November  1st,  1917. 
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(ITEM   5)     TRANSMISSION  LINES   AND  CROSSINGS. 

SUB-COMMITTEE    XO.    3. 

R.   I).  Coombs,  Chairman;  Frank  Rhea, 

II.  M.  Bassett,  J.  R-  SavagBj 

I).  J.  Brumley,  A.  G.  Shaver, 

J.  A.  Peabody,  H.  U.  Wallace. 

There  has  been  assigned  to  this  Sub-Committee  that  portion  of  the 
National  Electrical  Safety  Code  prepared  by  the  U.  S.  Bureau  of  Stand- 
ards, issued  as  Circular  No.  54  (Second  Edition,  November  15th,  1916) 
which  prescribes  the  requirements  for  the  crossings  of  overhead  and 
underground  wires  and  cables  over  railroad  company's  rights  of  way. 
The  Committee  has  prepared  a  comparison  of  the  requirements  of  the 
A.  R.  E.  A.  crossing  specifications  and  the  provisions  of  the  code,  and 
this  comparison  will  be  found  under  the  Committee's  report  on  the 
National  Electrical  Safety  Code. 

There  has  been  no  meeting  of  the  National  Joint  Committee  on 
Overhead  and  Underground  Line  Construction,  to  which  your  Committee 
formerly  sent  delegates,  since  July  16th,  1915,  and  the  work  of  this  Com- 
mittee has  virtually  been  absorbed  by  the  U.  S.  Bureau  of  Standards  and 
is  reflected  in  the  wire  crossing  requirements  of  the  National  Electrical 
Safety  Code. 

There  was  also  assigned  to  this  Committee,  Item  5,  on  the  proper 
type  of  overhead  catenary  construction,  with  particular  reference  to  the 
consideration  of  providing  clear  vision  for  signal  and  co-operating  with 
the  Committee  on  Signals  and  Interlocking.  Mr.  J.  A.  Peabody,  Chair- 
man of  the  Committee  on  Signals  and  Interlocking,  and  Mr.  A.  G. 
Shaver  of  that  Committee,  both  members  of  this  Committee,  served  as 
co-operating  representatives.  The  following  illustrations  are  presented 
as  typical  of  catenary  construction  in  actual  service  and  offering  the 
least  obstruction  to  the  view  of  signals: 

Single  track,  using  zvood  pole  supports: 

Fig.  1  and  Fig.  2 — A  light  signal. 
Fig.  3  and  Fig.  4— Semaphore  signals. 

Two  or  more  tracks,  using  sled  supports: 

Fig.  5 — Supported  semaphore  on   curve. 

Fig.  6 — Position  light  signal. 

Fig.  7— Suspended  semaphore  on  curve. 

)'ard  tracks,  using  steel  supports: 

Fig,  S — Supported  semaphores  on  a  catenary  bridge. 
Cutler  bridge  or  subway  tracks: 

Fig.  9 — Light  signal. 

It  must  be  emphasized  that  it  is  difficult  by  photographs  or  other 
illustration^,  to  clearly  or  accurately  show  the  real  effect  of  ihe  back- 
ground or  other  structures  on  the  view  of  signals.     However,  it  is  hoped 
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that  the  accompanying  illustrations  will  indicate  the  approximate  aver- 
age condition   for  the  different  classes  of  construction. 

In  situations  such  as  shown  in  Figs.  7  and  9,  i.  e.,  on  sharp  curves 
or  where  overhead  streets  arc  frequent,  it  is  difficult  to  arrange  an  en- 
tirely satisfactory  view  of  signals. 

In  Fig.  10  is  shown  diagrammatically  the  span  wire — guyed  pipe  post 
type  of  catenary  construction,  while  Fig.  11  is  typical  of  an  anchor 
bridge  to  be  used  in  conjunction  with  the  construction  shown  in  Fig.  10. 

Good  practice  requires  that  anchor  bridges  should  be  located  at  point- 
suitable  for  the  location  of  signals,  in  order  that  they  may  be  used  For 
combined  service. 
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Fig.    10. — Four-Track    Main    Line   Cross    Catenary    Span. 
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Fig.  11.— Four-Track  Main    Lini    Anchor  Bridge, 
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(ITEM  3)     ELECTROLYSIS  AND   INSULATION. 

SUB-COMMITTEE    NO.    4. 

E.  B.  Katte,  Chairman;  R.  H.  Ford, 

J.  D.  Brumley,  W.  S.  Murray, 

R.  D.  Coombs,  M.  Schreiber, 

A.  O.  Cunningham,  H.  U.  Wallace. 

There  will  be  no  report  this  year  on  the  subject  of  Electrolysis  for 
the  reason  that  your  Committee  has  confined  its  activities  to  representa- 
tion on  the  American  Committee  on  Electrolysis.  The  latter  committee 
has  'adjourned  all  meetings  and  discontinued  its  sub-committee  work 
for  the  duration  of  the  war  in  accordance  with  the  recommendation  of 
its  Chairman,  Mr.  B.  J.  Arnold,  contained  in  his  circular  letter  of 
October  5th,  1917. 

The  Committee  has  no  report  to  offer  on  the  subject  of  "Insulation," 
and  requests  further  instruction  from  the  Board  of  Direction  regarding 
their  desires  in  connection  with  a  report  on  this  subject. 

Electrolytic  Effect  on  Concrete  in  Salt  Water. 

Perhaps  the  most  popular  theory  of  the  failure  of  concrete  struc- 
tures, particularly  reinforced  concrete  in  salt  water,  is  that  it  is  caused 
by  electrolysis  action.  As  a  matter  of  fact,  the  failure  of  any  such 
structure  may  be  due  to  a  combination  of  causes.  There  is  little  real  or 
reliable  information  on  this  subject  up  to  this  time.  A  member  of  the 
Committee,  Mr.  Schreiber,  had  the  occasion  to  investigate  the  effect  of 
salt  water  on  concrete  in  connection  with  a  report  on  a  proposed  vehicu- 
lar tunnel  across  the  Hudson  River  at  New  York,  the  early  part  of  this 
year,  and  the  information  on  record  at  that  time  in  this  respect  was  very 
meager.  Since  then,  a  number  of  articles  have  appeared  in  the  technical 
press,  notably  the  Engineering  Xews-Record,  that  have  clarified  the 
proposition  considerably.* 

Concrete  properly  mixed  and  placed  without  construction  seams  and 
with  a  dense  surface  will  undoubtedly  successfully  resist  sea  water  action. 
In  extreme  cases  it  may  be  necessary  to  protect  the  exposed  surface  of 
the  concrete  with  facing  material  in  order  to  prevent  any  physical  abra- 
sion. On  the  other  hand,  when  physical  abrasion  appears,  the  concrete 
disintegrates,  due  to  the  chemical  action  of  (he  salt  on  the  lime  in  the 
tit.  It  has  been  shown  through  laboratory  experiments  by  the  U.  S. 
Bureau  of  Standards,  that  salt  solutions  will  percolate  through  hollow 
cylinders  resulting  in  the  destruction  of  the  cement  mortar  when  a 
sufficient    amount    of    salt   accumulates    and    crystallizes   out.      In    actual 


♦Engineering  X.ws-Record,  Sept.  20,  Oct.  4,  Oct.  11,  Oct.  18,  Oct.  25th. 
i  '*1 7  Ergineering  News,  Vol.  53,  p.  345,  and  Vol.  fio.  p.  453.  Engineering 
Record,  Vol.  63,  p.  655.  Also  see  the  proceedings  of  the  Franklin  Institute. 
November,    1917,   paper   by  Prof.   J.   M.   Craighton. 
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practice,  when  green  concrete  is  installed,  the  lime  in  the  cement  at  or 
near  the  surface  is  in  a  form  which  will  readily  combine  with  the  carbon 
dioxide  in  the  atmosphere.  So  there  is  formed  at  the  surface  and  for  a 
slight  depth  into  the  mass,  lime  carbonate  (limestone),  which  is  prac- 
tically insoluble  in  sea  water.  This  layer  or  skin  of  insoluble  material 
acts  as  an  armor  to  the  uncarbonate  cement  in  the  interior  of  the  con- 
crete mass.  If  the  concrete  is  deposited  in  water  it  does  not  get  carbon 
dioxide  from  the  air,  but  a  sufficient  amount  of  carbon  dioxide  is  ob- 
tained from  the  water  to  get  this  protective  coating.  It  appears  that  if 
this  is  true,  then  the  lime  in  the  cement  in  the  interior  of  the  concrete 
would  carbonate  when  exposed  to  accidental  abrasion.  But,  the  reason 
this  does  not  take  place  is  the  fact  that  as  the  cement  hydrates  over  a 
period  of  months  in  the  interior  of  a  mass  of  concrete  where  not  ex- 
posed to  carbon  dioxide,  the  lime,  which  is  freed  as  the  cement  ages,  is 
changing  from  the  amorphous  to  the  large  crystalline  form  which  is 
soluble  in  sea  water. 

When  a  concrete  surface  is  abrased  by  the  action  of  waves,  ice,  or 
floating  debris,  the  destruction  of  coating  allows  the  salt  water  to  soften 
the  cement  by  its  action  on  the  lime,  and  disintegration  starts.  The  water 
washes  away  the  softened  section  and  a  new  area  is  exposed  ready  for 
further  disintegration. 

Now  in  the  case  of  reinforced  concrete,  we  have  an  additional  effect 
to  consider — the  action  of  salt  water  on  iron  or  steel  reinforcing  ma- 
terial. Iron  ordinarily  contains  carbon,  sulphur  and  other  ingredients. 
Their  presence  cause  a  difference  in  potential  so  that  there  exists  here 
and  there  throughout  the  mass  a  sort  of  auto  or  galvanic  electrolysis. 
Moreover,  even  when  fresh  water  seeps  through  the  concrete,  an  elec- 
tric current  may  be  set  up,  the  water  acting  as  an  electrolyte  that  finally 
results  in  the  disintegration  of  the  iron  or  steel,  which  is  replaced  by  iron 
oxide  (ordinarily  called  rust).  As  the  iron  oxide  occupies  a  larger 
volume  than  a  corresponding  amount  of  iron,  there  will  be  developed 
an  enormous  expansive  force  which  is  sufficient  to  crack  the  strongest 
concrete  and  force  it  away  from  the  reinforcing  rods. 

However,  when  you  place  the  reinforcing  concrete  in  salt  water  you 
have  a  much  better  electrolyte  than  plain  waUT,  50  that  tin-  rusting 
effect  on  iron  is  accelerated  Once  this  process  begins,  it  is  easily  under- 
stood  how  the  disintegration  will  be  hastened  with  the  opening  of  cracks, 
allowing  more  salt  water  to  seep  through  the  concrete  along  the  rods, 
not  mentioning  the  effect  of  freezing  and  the  chemical  action  o\  --alt 
water  on  the  lime  of  the  cement  in  the  concrete  proper. 

It  is  not  strange  that  tin-  deterioration  of  both  the  plain  and  rein 
forced  concrete  always  occurs  above  the  water  line  when  you  considei 
that  below  the  water  line  tin    limestone  or  armor  coating  of  tin-  concrete 
is  seldom  or  evef  disturbed,  either  by  mechanical  or  aerial  agents.    Above 

the    water    line    salt    accumulates    by    Capillarity    and    evaporation    and    tin 

absorption  of  the  concrete  of  .m  carrying  \>i\  minute  particles  of  sea 
water.    The  chlorine  and  oxygen  coming  from  tin   sea  aii  and  sail  watei 


570  ELECTRICITY. 

form  a  very  active  corroding  agent,  and  the  salt  air  is  now  known  to 
penetrate  unprotected  concrete  to  a  considerable  depth. 

So  it  seems  that,  although  the  disintegration  of  concrete  may  be  laid 
at  the  door  of  electrolytic  action  to  some  extent,  it  is  possible  to  design 
and  install  the  work  so  as  to  reduce  the  disintegration  to  a  minimum. 
The  concrete  should  be  made  dense,  the  mixture  richer  and  the  quality 
of  the  work  better  than  would  otherwise  be  necessary.  A  good  method 
of  determining  the  proper  mixture  to  give  the  greatest  density  is  to  take 
trial  batches  of  concrete.  The  concrete  should  be  just  dry  enough  to 
permit  of  light  tamping.  There  should  not  be  too  little  or  too  much 
water.  Sharp  corners,  feather  edges  and  construction  seams  should  be 
avoided  so  that  there  will  not  be  an  opportunity  for  the  starting  of 
abrasion  or  the  interference  with  the  protective  coating.  Likewise,  the 
reinforcing  steel  or  iron  should  be  free  from  impurities  as  far  as  it  is 
practicable  and  should  not  be  placed  too  near  the  surface.  It  is  not 
well  to  put  any  dependence  on  plastering  a  structure  after  it  is  completed. 
A  face  of  precast  blocks,  cut  stone  or  any  masonry  material  that  is  tough 
and  dense  will  protect  the  concrete  against  any  abrasion  and  will  go  a 
long  way  toward  making  an  invulnerable  structure. 

I 

(ITEM  4)      MAINTENANCE   ORGANIZATION   AND   RELATION 

TO  TRACK  STRUCTURES. 

SUB-COMMITTEE    NO.    5. 

C.  E.  Lindsay,  Chairman;  W.  L.  Morse, 
Z.  M.  Briggs,  J.  R.  Savage. 
Walt  Dennis, 

Owing  to  the  fact  that  this  Committee  reported  quite  fully  last  year 
and  the  desire  of  the  Board  of  Direction  that  the  number  of  subjects 
to  be  reported  on  by  each  committee  be  restricted,  there  will  be  no  re- 
port this  year  on  Maintenance  Organization  and  Its  Relation  to  Track 
Structures.  The  Committee,  however,  is  keeping  in  touch  with  the  gen- 
eral development  of  the  art  and  the  assembling  of  data  for  the  prepara- 
tion of  a  future  report. 

(ITEM  6)     WATER  POWER. 

SUB-COMMITTEE  no.   6. 

W.  S.  Murray,  Chairman;  M.  Schreiber, 

Z.  M.  Briggs,  Frank  Rhea, 

D.  J.  Brumley,  H.  U.  Wallace. 
R.  H.  Ford, 

Your  Committee  is  of  the  opinion  that  all  water  power  develop- 
ments, both  from  the  point  of  view  of  generation  and  utilization,  are 
subject  to  such  wide  variations,  both  physical  and  operative,  that  even- 
situation  is   individual   to  itself;   and   it  is  your   Committee's  conviction 
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that  now,  as  never  before,  there  is  reason  for  railroads  to  investigate 
anew  the  financial  possibilities  to  be  gained  by  the  development  of  some 
of  the  water  powers  within  their  territories,  which,  under  past  condi- 
tions, may  have  been  considered  unprofitable. 

The  Committee  reports  progress  and  suggests  the  following  under- 
lying principles  as  governing  a  choice  between  steam  and  water  power 
developments,  or  the  use  of  combined  water  and  steam  plants. 

1. — The  increased  cost  of  coal,  being  the  largest  single  factor  of 
cost,  outside  of  fixed  charges,  in  the  production  of  steam  generated 
power,  places  such  higher  values  upon  hitherto  undeveloped  water  powers. 

2. — Water  power  on  rivers,  the  average  stream  flow  which  can  be 
increased  by  storage,  may  now  figure  attractively  against  steam  generated 
power  in  some  locations. 

3. — Water  powers  on  rivers  from  which  continuous  flow  cannot  be 
obtained  may  now  figure  attractively  in  combination  with  steam  plants 
against  steam  development  alone. 

In  connection  with  Water  Power  Developments,  and  their  relation  to 
steam  auxiliary  plants,  reference  is  made  to  the  two   following  papers : 

"The  Economic  Capacity  of  Combined  Hydro-Electric  and  Steam 
Power  Plants,"  by  Cary  T.  Hutchinson,  Part  I,  Vol.  33,  page  138,  Ameri- 
can Institute  of  Electrical  Engineers,  and  "Economical  Combination  of 
Water  Power  and  Steam  Plants  and  a  Convenient  Method  of  Solution," 
by  H.  St.  Clair  Putnam,  presented  at  the  Thirty-fourth  Annual  Conven- 
tion of  the  American  Institute  of  Electrical  Engineers,  Hot  Springs,  Va. 
(Will  later  be  published  in  the  A.  I.  E.  E.  Transactions.) 

The  Committee  recommends  that  the  subject  be  continued  and  studied 
during  the  coming  year  in  collaboration  with  Committee  XIX,  having  in 
charge  the  matter  of  Conservation  of  Natural  Resources. 

(ITEMS    7   AND   8)      ELECTRICAL   INTERFERENCE. 

SUn-COMMlTTEF.   NO.    7. 

R.  H.  Ford,  Chairman;  J.  R.  Savage, 

W.  S.  Murray,  M.  Schreiber, 

J.  A.  Peabody,  A.  G.  Shaver. 

Two  subjects  were  referred  to  this  Committee  by  the  Board  of  Di- 
rection as  follows : 

(Item  7)  Report  recommended  practice  for  eliminating,  as  far  as 
practicable,  interference  with  telephone  and  telegraph  lines  caused  by 
the  use  of  propulsion  circuits. 

(Item  8)  Report  on  the  interference  with  telegraph  and  telephone 
circuits  by  the  use  of  direct  current  propulsion  circuits  and  methods  of 
eliminating  the  effect  as   far  as  practicable. 

Your  Committee  has  given  the  subject  consideration  and  since  the 
Subject    is    an    important    one    and    is    n<>\\    a    matter    of    investigation    by 

specialists  employed  by  the  telephone  and  telegraph  interests,  as  well  as 
l>y  the  manufacturers  of  electrical  appliances,  jrout  Committee  has  ,te 
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cided  to  make  no  report  this  year,  but  to  recommend  that  the  subject  be 
continued  for  further  consideration  during  the  coming  year. 

CONTRACT    FORM    ON    LOCATION    OF    POWER    LINES    AND 
WIRES  ON  RAILROAD  COMPANIES'  RIGHTS  OF  WAY. 

SPECIAL  SUB-COMMITTEE. 

R.  H.  Ford,  Chairman;  T.  A.  Peabody. 

C.  E.  Lindsay, 

There  has  been  referred  to  this  Committee  by  the  Secretary,  Mr. 
E.  H.  Fritch,  a  form  of  contract  prepared  by  the  General  Managers' 
Association  of  the  Southeast,  relative  to  terms  upon  which  power  lines 
may  be  permitted  to  locate  poles  on  railway  rights  of  way. 

The  General  Managers'  Association  of  the  Southeast  is  an  organiza- 
tion composed  of  fifty-six  railroads  operating  in  the  territory  east  of  the 
Mississippi  and  south  of  the  Ohio  rivers.  It  appears  that  this  form  was 
adopted  by  that  association  as  recommended  practice  on  November  12th, 
1914,  as  to  the  terms  of  occupancy,  and  on  April  26th,  1917,  as  to  form 
of  contract. 

It  is  recognized  by  the  Committee  that  there  are  presented  many 
problems  in  the  preparation  of  a  general  form  of  this  character  which 
will  be  sufficiently  elastic  to  comply  with  the  manifold  conditions  exist- 
ing on  railroads  which  may  be  widely  separated  and  with  whom  condi- 
tions may  be  vastly  different,  and  unless,  in  their  preparation  forms  of 
this  and  like  character  are  considered  from  every  angle  and  prepared 
with  great  care,  they  may  at  times  cause  embarrassment  and  result  in 
complications  with  public  or  private  bodies,  due  to  the  fact  that  their 
approval  by  one  railway  may  be  used  as  a  reason  that  they  should  like- 
wise be  approved  by  another  railroad  where  conditions  may  be  quite 
different. 

It  is  believed  by  your  Committee  that  it  would  be  unwise  to  suggest 
changes  therein,  which  appear  desirable  to  this  Committee,  because  it  is 
recognized  that  there  does  not  now  exist  any  proper  source  to  which 
such  matters  may  be  referred  for  final  revision. 

Your  Committee  recommends  that  this  subject  be  referred  to  a  com- 
mittee composed  of  members  from  the  proper  standing  committees  of  the 
American  Railway  Association  and  of  the  American  Railway  Engineer- 
ing Association. 

/ 
(ITEM     10)       PROPOSED     NATIONAL     ELECTRICAL     SAFETY 

CODE. 

The  preliminary  edition  of  the  proposed  National  Electrical  Safety 
Code  was  issued  April  29th,  1915,  and  submitted  for  criticism  by  Dr.  E.  B. 
Rosa,  Chief  Physicist,  U.   S.  Bureau  of   Standards,  Department  of  Com- 
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merce,  Washington,  D.  C.  Since  that  time  the  Code  has  been  the  sub- 
ject of  discussion  by  the  officers  of  the  Bureau  of  Standards  and  by  the 
Code  is  to  prescribe  good  electrical  practice  for  all  industries,  including 
representatives  of  the  national  engineering  societies.  The  object  of  the 
railroads,  and  will  be  recommended  by  the  Bureau  of  Standards  to  the 
various  Public  Service  Commissions  and  other  State  legislative  bodies 
for  adoption  as  mandatory  law. 

The  second  edition  of  the  Code  was  issued  November  15th,  1916,  for 
examination,  trial  and  constructive  criticism.  On  July  16th,  1917,  your 
Secretary  wrote  to  the  members  of  the  Association,  advising  them  of  the 
desire  of  the  Bureau  of  Standards  for  the  co-operation  of  steam  rail- 
roads in  the  perfection  of  this  Code,  and  inviting  comments  or  criticisms. 
In  the  same  circular  you  were  advised  that  the  Committee  on  Electricity 
had  been  charged  with  the  duty  of  collecting  such  comments  and  cri- 
ticisms from  steam  railroad  officials  and  transmitting  them  to  the  Bureau 
of  Standards  with  its  recommendations.  You  were  requested  to  have 
your  criticisms  in  the  hands  of  the  Committee  not  later  than  Decem- 
ber 1st,  1917. 

Your  Committee  has  had  the  benefit  of  the  comments  and  sugges- 
tions of  21  railroad  officials  and,  in  most  instances,  these  comments  reflect 
the  advice  of  a  staff  of  technical  assistants.  Generally,  the  comments 
are  favorable  and  the  need  of  a  unified  code  for  all  states  is  recognized. 
However,  the  present  code  has  been  criticized  as  being  cumbersome  and 
difficult  to  follow  because  of  the  many  cross  references.  The  most  seri- 
ous defect  in  the  code  relates  to  the  requirements  for  the  crossing  of 
foreign  wires  and  cables  over  railroad  company's  right  of  way.  The 
standards  used  for  many  years  by  the  railroad  companies  have  been  re- 
duced in  some  important  details,  as  will  be  shown  in  the  comparison  of 
the  A.  R.   E.  A.  specifications  for  overhead  transmission  line  crossings. 

The  Code  is  divided  into  an  Introduction  and  Four  Parts.  The 
Introduction  describes  the  purposes  of  the  Code,  gives  a  brief  history 
thereof  and  defines  the  meaning  ol   the  electrical  terms  used. 

Part   I   defines  the   rules    for  the   installation   of   machinery,    switch 
boards,   wiring,   etc.,   in   central   power   stations   and   sub-stations. 
Committee  is  of  the  opinion  that  none  of  the   requirements  of  this  part 
of  the  Code  will  prove  objectionable. 

Part  II   defines  the  rules   for  the  construction  of   overhead   and  un- 
derground lines  for  the  transmission  and  distribution  of  electrical  < 
and  intelligence.     Comments  in   detail  will   follow. 

Part  III  defines  the  rules  for  the  installation  of  electrical  apparatus 
in  factories  and  residences  and  wherever  electricity  IS  utilized  mm  beat, 
light  and  power.  Your  Committee  is  of  the  opinion  1  li.it  none  of  the 
requirements  of  this  part  of  the  Code  will  prove  objectionable. 

Part  IV  defines  the  rules  for  safeguarding  employes  when  working 
on  or  near  electrical  machines  and  lines.     No  adverse  criticisms  of  this 
portion  of  the  Code  have  been  received  bj  youi  Committee,  except  with 
!  to  its  legality  as  more  fully  noted  below. 
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The  features  of  the  Code  which  your  Committee  desire  especially 
to  bring  to  your  attention  are  briefly  described  under  the  following 
headings : 

(A)  Legal  Aspect. 

(B)  Electrical  Features. 

(C)  Structural  Features. 

(D)'    Transmission  Crossing  Requirements. 
(E)     General  Conclusions. 

(A)     Legal  Aspect  of  the  Code. 

The  proposed  Safety  Code  is  open  to  debate  in  three  essential  legal 
aspects,  namely : 

Inspection. — There  has  been  found  no  record  of  any  instance  where 
inspection  has  been  made  compulsory  by  the  affirmative  force  of  law. 
Where  government  has  thought  it  imperative  to  require  inspection,  it 
has  usually  taken  upon  itself  that  duty.  In  this  way,  fire  escapes,  boilers, 
explosives,  etc.,  are  inspected. 

Authority  of  a  Public  Service  Commission. — The  legal  opinion  is 
expressed  that  it  is  doubtful  whether  the  statutes  will  permit  the  adop- 
tion of  general  rules,  such  as  proposed,  by  the  Public  Service  Commis- 
sion. The  making  of  laws  is  a  legislative  function  and  the  statutes  do 
not  especially  grant  commissions  the  power  to  adopt  such  laws.  There 
seems  to  be,  however,  no  doubt  but  that  a  uniform  code  would  be  more 
desirable  than  separate  and  conflicting  regulations  in  the  various  states. 

Validity  of  Part  IV. — The  opinion  has  been  expressed  that  in  its 
present  form,  it  is  extremely  doubtful  whether  Part  IV  can  be  made  valid 
law  as  a  statute  or  as  an  administrative  order.  It  is  probable  that  the 
provisions  of  the  Code  are  generally  reasonable  and  there  can  be  no 
objection  because  of  its  tendency  to  promote  the  safety  of  employes,  but 
valid  objections  to  Part  IV  may  be  based  upon  the  inflexible  nature  of 
the  language  and  its  interference  with  the  private  management  of  busi- 
ness to  an  extent  not  justified  in  the  interests  of  safety. 

(B)     Electrical  Features  of  the  Code. 

In  detail  the  criticisms  of  the  electrical  portion  of  Part  II  are  as 
follows : 

Rule  151,  Mechanical  and  Thermal  Protection. — There  has  not  been 
found  in  the  Code  any  clause  covering  the  installation  of  wires  and 
cables  where  they  are  subjected  to  excessive  surrounding  temperatures. 
The  following  is  suggested  to  follow  Clause  151d: 

"Wherever  insulated  conductors  are  exposed  to  ex- 
cessive surrounding  temperatures,  a  special  protection 
shall  be  provided  if  the  maximum  temperature  exceeds 
the  maximum  safe  limiting  temperatures  adopted  in  the 
Standardization  Rules  of  the  A.  I.  E.  E.   (Article  677)." 
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Rule  221,  Conductor — Materials  and  Minimum  Sizes. — A  minimum 
size  No.  8  wire  is  permitted  by  the  Code.  Nothing  smaller  than  No.  6 
should  be  used. 

Rule  223,  Recommended  Normal  Sags. — The  Code  recommends  for  a 
given  size  of  wires  and  for  Grades  A,  B  and  C,  sags  varying  from  22  in. 
to  27  in.  at  60  deg.  Fahr.,  for  150-ft.  spans.  For  the  same  size  and  spans 
the.  A.  R.  E.  A.  specifications  requirement  is  36  in.  at  60  deg.  Fahr., 
which  is  more  conservative  and  should  be  adhered  to. 

Rule  231,  Cross  Arms  and  Conductor  Fastenings. — The  Code  per- 
mits the  use  of  wooden  pins  for  over  5000  volts.  This  is  not  permitted 
by  the  A.  R.  E.  A.  specifications.  Double  cross  arms  at  crossings  poles 
are  not  required  by  the  Code,  but  are  called  for  in  the  A.  R.  E.  A. 
specifications. 

Rule  240,  Clearances  Over  Railroad  Tracks. — This  is  one  of  the  most 
important  points  wherein  the  Code  proposes  to  reduce  the  A.  R.  E.  A. 
requirements.  The  Code  clearances  are  based  on  60  deg.  Fahr.,  no  wind 
and  for  spans  not  greater  than  150  ft.  The  A.  R.  E.  A.  specifications 
are  for  clearances  under  the  most  unfavorable  conditions.  The  compari- 
son is  as  follows : 

Clearance  Between  Top  of  Rail  and  Crossing  Wire. 

Variation  in  Voltage.  Code.  A.  R.  E.  A. 

For-  wires  of  less  than  300  volts  to  ground 27  ft.  30  ft. 

For  wires  of  300  volts  to  15,000  volts 28  ft.  30  ft. 

For  wires  of  15,000  volts  to  50,000  volts 30  ft.  30  ft. 

Above  50,000  volts  add  y2-in.  per  1000  volts,  inc 30  ft. 

The  Code  permits  a  reduction  of  the  above  clearances  to  25  ft.  for 
wires  carrying  voltages  up  to  15,000  when  paralleling  contact  conductors. 
The  A.  R.  E.  A.  specifications  permit  this  reduction  in  clearance  for  con- 
stant potential,  direct  current  circuits  not  over  750  volts.  The  require- 
ments of  the  A.  R.  E.  A.  specifications  should  not  be  reduced. 

Rule  241,  Minimum  Values  for  Conductor  Clearances  and  Separa- 
tions.— In  the  Code  the  conductor  separations  are  for  conductors  whose 
sags  do  not  exceed  3  ft.  The  separation  specified  in  the  A.  R.  E.  A. 
specifications  are  for  the  conductors  carrying  a.  c.  current  and  spans 
not  exceeding  150  ft.     Following  is  a  comparison: 

Separation  Between  Conductors. 

Variation  in  Voltage.                               Code.  A.R.E.  A. 

0-7500  Volts.                                                      12  In.  12  In.  up  to  7000  v. 

7500-14000 12     to  14.6  20 

14000  27000 14.6  to  19.8  30 

27000  35000 19.8  to  23.0  36 

350(10  47000 i 23.0  to  27.8  45 

47000-70000 27.8  to  37.0  60 

70000-and  Up 4-in.  per  1000  v. 

The  clearance   from   the   supporting  itructun  pi    insulators) 

are  compared  below: 
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Clearances  Between  Conductors  and  Structures. 

Variation  in  Voltage.  Code.  A.  R.  E.  A. 

0-7500  Volts.  3  In.  9  In.  up  to  10000  v. 

Above  7500  volts  the  code  requires 

an  addition  of  .25-in.  per  1000 

excess. 

10000-14000 3.625  to    4.624  12 

14000-27000 ...4.624  to     7.875  15 

27000-35000 7.875  to    9.875  18 

35000-47000 9.875  to  12.875  21 

47000-70000 12.875  to  18.625  24 

70000-and  up 25-in.  per  1000  v. 

Rule  267,  Protection  Against  Conductor  Breakage. — The  Code  per- 
mits splices  in  spans  adjacent  to  the  crossing  span,  whereas  such  splices 
are  prohibited  by  the  A.  R.  E.  A.  specifications.  The  grounding  of  poles 
is  not  required  in  the  Code  and  is  a  protection  afforded  by  the  A.  R.  E.  A. 
specifications. 

(C)     Structural  Features  of  the  Code. 

Rule  222,  Loads  Assumed  in  Determining  Stresses  in  Conductors. — 
The  minimum  resultant  loading  specified  is  equal  to  1.25  times  the 
weight  of  the  conductor.  This  has  the  effect  for  large  cables  of  elimi- 
nating the  difference  between  medium  and  light  loadings,  so  far  as  the 
longitudinal  stresses  are  concerned.  (See  Table  22,  page  173.)  It  is 
recommended  that  the  rule  be  changed  to  make  the  medium  and  light 
loading  vary  from  the  heavy  loading  by  varying  assumptions  of  ice  and 
wind.  The  requirements  would  be  simplified  as  regards  the  loading  re- 
quirements, whether  in  conductors  or  supports,  for  a  designated  grade  of 
construction,  by  specifying  the  same  ice  and  wind  loads  for  the  calcula- 
tion of  all  stresses.     (See  also  Rule  230.) 

Rule  232,  Calculation  of  Loads  Upon  Line  Supports— Section  B. — 
This  section  should  be  omitted,  since  any  pole,  tower  or  cross  arm  should 
be  designed  for  its  loading  conditions  and  not  for  some  average  obtained 
from  a  group. 

Rule  234,  Strength  of  Steel  Poles  and  Tozvers  and  Other  Metal 
Supports.- — With  permissible  unit  stresses  for  tension  of  27,000  lbs.  per 
sq.  in.,  the  shear  should  be  20,000  lbs.,  both  in  structural  steel  bolts,  rivets 
and  pins.  The  bearing  should  be  made  40,000  lbs.,  and  the  bending  on 
bolts  or  pins,  30,000  lbs.  The  minimum  thickness  of  metal  should  be 
J4-in.  For  compression  members  the  1/r  should  not  exceed  180.  With 
these  changes,  it  will  be  satisfactory  to  accept  the  other  provisions  of 
this  clause. 

Section  B.  Provision  for  the  combined  action  of  the  pole  and  the 
guys  involves  consideration  of  the  deflection  of  the  pole  and  the  accom- 
panying elongation  of  the  guys  in  order  to  determine  the  proportion  of 
the  load  carried  by  each.  This  seems  to  be  inconsistent  with  Rale  232 
(C),  which  specifies  that  no  allowance  shall  be  made  for  deflection,  de- 
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formation,  etc.  It  is  suggested  that  the  latter  part  of  Clause  B,  reading 
as  follows,  be  omitted: 

"When  guys  are  necessarily  used,  steel  supports  or  towers  shall  be 
regarded  as  taking  all  of  the  stress  in  the  direction  in  which  the  guys 
act  up  to  their  safe  working  loads,  and  the  guys  shall  have  sufficient 
strength  to  take  the  remainder  of  the  assumed  maximum  stresses  unless 
capable  of  considerable  deflection."     (See  Rule  251d.) 

Rule  235,  Strength  of  Wood  and  Concrete  Supports. — The  Code  per- 
mits a  factor  of  safety  of  2  for  wooden  poles  and  cross  arms  and  rein- 
forced poles  and  cross  arms.  The  A.  R.  E.  A.  specifications  require  6  for 
wood  poles  and  cross  arms  and  4  for  reinforced.  The  Code  permits  a 
minimum  top  diameter  of  wooden  poles  of  7  in.,  whereas  the  A.  R.  E.  A. 
specifications  require  a  minimum  of  8  in.  The  requirements  of  the 
A.  R.  E.  A.  specifications  should  not  be  reduced. 

Rule  250,  Poles  and  Tozvers. — The  Code  does  not  require  encasing 
base  of  wood  poles  in  concrete. 

(D)     Transmission  Crossing  Requirements  of  the  Code. 

COMPARISON   OF   THE  WIRE   CROSSING   REQUIREMENTS   OF   THE   NATIONAL   ELEC- 
TRICAL   SAFETY    CODE    AND    THE    A.    R.    E.    A.    SPECIFICATIONS    FOR 
OVERHEAD  CROSSINGS  OF  ELECTRIC  LIGHT  AND  POWER 
LINES    (ADOPTED    1912). 

The  tendency  of  the  proposed  Code  is  to  reduce  the  standard  re- 
quirements of  the  A.  R.  E.  A.  specifications.  Specially,  20  of  the  require- 
ments have  been  reduced  and  27  provisions  have  been  omitted.  In  gen- 
eral, the  proposed  Code  prescribes  less  clearance  and  allows  structures  of 
less  strength. 

The  difference  in  detail  is  shown  in  the  comparison  below: 

A.  R.  E.  A.   Safety  Code 

Remarks: 

Grade  B  construction  allowed  for  sidings 
not  exceeding  4  tracks,  spurs,  branches, 
or  "other  unimportant  railways." 

Omitted. 

Omitted. 

No  change. 

Omitted. 

No  change. 

Omitted. 

Where  brakemen  are  permitted  on  top  of 
265  standard  freight  cars,  reduces  clearances 

240  from  30  ft.  under  most  unfavorable  con- 

ditions of  temperature  and  loading  vari- 
ous clearances  of  27  to  30  ft.,  depending 
Upon  voltages  and  taken  at  (4)  deg.  Fahr. 
instead  of  unfavorable  condition. 

Where  brakemen  are  not  permitted  on  top 

of  standard  freight  ears  a  further  redne 
tion  to  16  to  22  ft.   for  various  Cfl 


Paragraph 

Paragraph 

(1) 

211 

(2) 

(3) 

(4) 

250d 

(5) 

(6) 

210b 

(7) 

(9) 

263 
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A.  R.  E.  A. 
Paragraph 

Safety  Code 
Paragraph 

(10) 

264 
265 

(11) 

241 
242 

(12) 

242 

(13) 
(14) 

241 
242 

(15) 

267 

(16) 
(17) 

251 
233a 

(18) 

252 

(19) 

250 
267 

(20) 


(23) 


(24) 
(25) 
(26) 

(27) 


(28) 
(29) 
(See  16) 


205 


(21) 

205c 

(22) 

93 

205c 

222 


240 


222 


231c 
233 (3b) 


Remarks: 

Reduces  clearances  from  8  ft.  under  most 

unfavorable    condition    to   2    ft.    to   6   ft. 

over    signal     conductors,     depending    on 

voltage. 
Reduces    clearances    20    to    40    per    cent. 

Amounts  variable   depending  on   size  of 

wire,  span,  sag  and  voltage. 
Omits  mandatory  dead-ending  and  provides 

additional  clearances. 
Reduces  clearances  25  to  50  per  cent. 

Omits  limitation  of  change  of  length  in 
adjoining  spans. 

Splices  and  tape  permitted  in  adjoining 
spans.  A  "drop  out"  device  permitted  to 
drop  the  wire  (dead)  on  the  railroad  in 
case  of  breakage. 

Omitted. 

Guys  on  wood  poles  not  required,  and  even 
where  necessary  for  strength,  need  not 
be  placed  on  the  crossing  poles  if  line  is 
straight  and  full  guying  is  used  at  points 
500  ft    from  the  crossing  poles. 

Substantially  the  same  except  that  voltage 
limits  are  made  300  and  15,000. 

Adds  provision  against  rotten  or  overhang- 
ing tree  falling  on  crossing  and  adjacent 
spans. 

Guards  or  signs  required  outside  fenced 
right  of  way  not  required  on  structures 
within  fenced  right  of  way. 

Omitted    (grounding  optional). 

Reduces  minimum  ground  conductor  to 
No.  6  copper  and  where  other  grounds 
exist  on  same  circuit  to  No.  10. 

Reduces  loading  condition  by  raising  low- 
temperature  from  — 20  dcg.  to  0  deg. 
Fahr. 

In  West  and  part  of  South  the  low  tem- 
perature is  made  15  deg.,  and  on  the  Pa- 
cific Coast  and  the  far  South  it  is  made 
30  deg. 

Reduces  clearance  by  using  60  deg.  instead 
of   120  deg.   for  maximum  sag. 

Omitted. 

Omitted. 

Omitted. 

In  the  North  and  East  no  change.  In  the 
South  and  West,  reduced  one-third.  In 
the  far  South  and  far  West,  reduced 
five-ninths  in  addition  to  eliminating  ice 
load. 

Omitted. 

Reduces  to  an  ultimate  strength  to  with- 
stand a  pull  of  700  lbs. 
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A.  R.  E.  A.  Safety  Code 
Paragraph      Paragraph 
(30)  230 

232 


(30) 


232 


(31) 

2341" 
266a 
251 

(32) 

231 

233 (3b) 

(M) 

266b 

(34) 

233c 

231 

234 

235 

(35)  254d 

(36)  254c 


(37)  254d 
254c 

(38)  254d 
(39) 

(40) 

(41)  221a 

(42)  221 


Remarks: 
Increases  wind  on  conductors  from  8  lbs. 

to  12  lbs.  for  Grade  A,  North  and  East. 
Decreases  wind  on  conductors  five-ninths, 

Grade  A,  far  South  and  far  West. 
For  Grade  B  construction  decreased  to  7 

lbs.  for  North  and  East,  with  other  two 

regions  reduced  one-third  and  five-ninths 

on  a  7-lb.  base. 

Wind  pressure  on  poles  and  towers  ap- 
proximately similar  to  the  above  changes. 

Omitted — no  longitudinal  strength  require- 
ments, except  at  anchorages  of  special 
section  of  line. 

Reduced  to  a  tension  of  700  lbs.  Indicated 
that  a  single  wood  arm  might  be  allow- 
able. 

Indicated   indefinitely. 

Reduces  factor  of  safety  to : 

Wires  and  Cables No  change 

Pine   1 

Insulators,  etc 1 

Wood  Poles  and  Arms 2 

Structural  Steel  1 

Concrete  Poles  2 

Foundations  2 

Guys  2 

Tables  of  stresses  given  for  various  tim- 
bers, etc.,  which  do  not  agree  entirely 
with  the  present  standard  and  may  or 
may  not  agree  completely  with  the  above 
general   factor. 

If  selected,  inspected  and  maintained  to  ^ 
original  strength  wood  poles  mav  have  a 
factor  of  1.25. 

Reduced  to  about  three  times  normal  volt- 
age. 
Test    voltage    and    duration     not    specified 

merely   a   "routine   test"   or  "any   other," 

etc. 
Reduced  about  10  to  50  per  cent.     Duration 

of  test  not  specified. 
Reduced  about  5  to  30  per  cent. 
Omitted. 
Omitted. 
Unchanged-  in    general    intent     hut    not    as 

strongly  stated.      • 
No   limitation    of   solid   conductors,    except 

that     aluminum     and     "steel      reinforced 

aluminum"  shall  be  stranded 
Reduced  minimum  sizes  to : 

No.  6  soft  copper 

No.  8  hard  or  medium  copper. 

No.  9  steel. 
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A.  R.  E.  A.  Safety  Code 

Paragraph      Paragraph  Remarks: 

In  urban  districts : 

No.  1  aluminum      restricted     to      150-ft. 

spans. 
No.  0  to  be  used  over  150  ft. 
Steel  reinforced  aluminum  No.  6  for  spans 
less   than    150   ft.    and    No.   4   for   spans 
over  150  ft. 

(43)  254a  Omitted. 

Allows  porcelain  or  "other  material  giving 
equally  good  results"  for  voltages  over 
7500  instead  of  porcelain  at  5000  volts. 

(44)  252e  Reduced  from  twice  to  a  strength  equal  to 

the  guy. 
252f  No  interlocking  required. 

(45)  231  Omitted. 

234i  Single  wooden  pins  stated  as  "usually  pro- 

viding  strength   up   to    1000  lbs.   tension 
in  conductor  3.5  in.  above  arm." 
When    steel    pins    are    used    the    corrosion 
protection  requirement  is  retained. 
231c  Pins  not  required  to  have  a  strength  in  ex- 

cess of  700  lbs.  pull. 
No  minimum  size  given. 


Omitted. 

Omitted. 

Reduced  from  7-in.  top  to  6  in.  in  far 
West  and  far  South  and  universally  for 
Grade  B  construction. 

Omitted. 

Omitted. 

Omitted. 

"Unless  similar  structures  have  been  tested 
it  is  recommended  that"  10  per  cent, 
greater  strength  be  used. 

No  change. 

Increased  from  180  and  220  to  "should 
generally  not  exceed  150  and  200." 

Reduced  from  J4"in-  to  -fV-in.  for  galvan- 
ized main  members. 

No  change  for  painted  material. 

Galvanizing  or  painting  required,  but  shop 
coat  is  not  specified  as  such. 

Omitted. 

Omitted. 

General  recommendations  for  "a  consider- 
able margin  of  strength." 

Omitted. 

Omitted. 

Omitted. 

Omitted. 

Reduced  strengths  by  increasing  allowable 
unit  stresses  as  follows : 
Structural  steel — tension    ...   50  per  cent. 
Structural  steel — shearing  ..  70  per  cent. 


(46) 

234b,  i 

235a, d 

251a,  d 

(47) 

(48) 

(49) 

235c 

(50) 

(51) 

(52) 

(53) 

234c 

(54) 

234h 

(55) 

234h 

(56) 

234h 

(57) 

234i 

(58) 

(59) 

(60) 

234d 

(61) 

• 

(62) 

(63) 

(64) 

(65) 

(66) 

(67) 

234g 

220 
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A.  R.  E.  A.  Safety  Code 
Paragraph     Paragraph  Remarks: 

Structural  steel — compressed  50  per  cent. 

Rivets,  Pins — shearing  140  per  cent. 

Rivets,  Pins — bearing  140  per  cent. 

Rivets,  Pins— bending    80  per  cent. 

Bolts — shearing 180  per  cent. 

Bolts — bearing 180  per  cent. 

Bolts— bending    110  per  cent. 

(68)  .  Page  172  Practically  unchanged  when  taken  in  con- 

junction with  par.  34 — (223c). 

(69)  Page  177  Reduces  strengths  by  increasing  allowable 

unit  stresses  about  300  per  cent. 
No  distinction  in   strength  between   Chest- 
nut,    West     Red     Cedar,     Cypress     and 
Southern  Yellow  Pine. 
Specification   for  galvanizing     Omitted. 

(E)     General  Conclusions  in  Regard  to  the  Code. 

1.  That  the  general  principles  of  the  Code  are  acceptable  and  de- 
sirable as  tending  to  establish  uniform  electrical  rules  in  the  several  States 
of  the  Union. 

2.  That  the  Code  is  cumbersome  and  overburdened  with  cross  refer- 
ences and  would  be  made  more  useful  if  separated  into  several  pocket- 
size  pamphlets  to  cover  each  of  the  industries. 

3.  That  the  requirements  of  the  Code  pertaining  to  the  crossing  of 
railroad  company's  rights  of  way  by  electric  cables  and  wires  are  de- 
ficient and  below  the  specifications  of  the  American  Railway  Association, 
the  American  Railway  Engineering  Association  and  the  American  Elec- 
tric Railway  Association,  and  should  be  revised  upwards. 

4.  That  the  legality  of  the  Code  should  be  established  by  the  opinion 
of  an  authority  high  in  the  Federal  Government. 

RECOMMENDATIONS. 

1.  Your  Committee  recommends  the  tentative  adoption  and  publica- 
tion in  the  Proceedings  of  the  Electrical  Definitions  listed  in  the  Report 
of  Sub-Committee  No.  1. 

2.  Acceptance  and  publication  in  the  Proceedings,  as  information, 
the  Tabulated  Statements  Nos.  1  and  2,  showing  third  rail  clearances  and 
data  relative  to  overhead  clearances  on  railroads,  revised  up  to  Novem- 
ber 1,  1917.     Continue  the  subject  next  year. 

3.  Acceptance  and  publication  in  the  Proceeding,  as  information, 
the  Report  of  Sub-Committee  No.  3,  on  Catenary  Construction. 

4.  Acceptance  and  publication  in  the  Proceedings,  as  information, 

the  Report  of  Sub-Conunitlce  No.  4,  on  Electrolytic  Effect  on  Concrete 
in  Salt  Water,  and  a  continuation  of  the  general  subject  of  Electrolysis, 
with  the  sending  of  authorized  representatives  t"  tin-  American  Commit- 
tee on  Electrolysis;  and  asks  for  further  instructions  in  the  matter  of  a 
report  on  Insulation. 


582  ELECTRICITY. 

5.  Acceptance  of  the  progress  reports  of  the  Committees  on  Main- 
tenance Organization,  Water  Power,  and  Electrical  Interference,  with  a 
continuation  of  these  subjects. 

6.  That  the  report  on  the  National  Electrical  Safety  Code  be  ac- 
cepted and  published  in  the  Proceedings,  as  information,  and  that  the 
Committee  be  authorized  to  send  delegates  to  present  a  copy  of  this 
report  to  the  Director  of  the  U.  S.  Bureau  of  Standards,  Washington, 
D.  C,  and  to  object  to  the  provisions  of  the  National  Electrical  Safety 
Code,  which  tend  to  reduce  the  present  requirements  of  the  A.  R.  E.  A. 
specifications  for  overhead  and  underground  wire  crossings,  where  the 
safety  of  life  or  property  is  involved. 

7.  That  the  Contract  Form  on  Location  of  Power  Lines  and  Wires 
on  Railroad  Company's  Rights  of  Way  be  referred  to  a  committee  com- 
posed of  members  from  the  proper  standing  committees  of  the  American 
Railway  Association  and  of  the  American  Railway  Engineering  Asso- 
ciation. 

Respectfully  submitted  for  the  Committee  by 

Edwin  B.  Katte,  Chairman. 


REPORT  OF  COMMITTEE  VII— ON  WOODEN  BRIDGES 
AND  TRESTLES. 


E.  A.  Frink,  Chairman; 

F.  AURYANSEN, 

H.  C.  Brown,  Jr., 

A.  D.  Case, 

A.  H.  Freygang, 

E.  A.  Hadley, 

F.  F.  Hanly, 

G.  A.  Haggander, 
H.  T.  Hazen, 

C.  S.  Heritage, 


W.  H.  Hoyt,   Vice -Chair  man; 
A.  O.  Ridgway, 

F.    S.    SCHWINN, 

C.  S.  Sheldon, 
I.  L.  Simmons, 

D.  W.   Smith, 

A.  M.  VanAuken, 
W.  H.  Vance, 
D.  R.  Young, 


Committee. 


To  the  American  Railway  Engineering  Association: 


The  following  subjects  were  assigned  for  the  consideration  of  your 
Committee  during  the  past  year : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes. 

2.  Report  on  design  of  docks  and  wharves ;  coal  and  ore  wharves, 
including  various  details,  such  as  bulkheads,  cribwork,  dry  docks,  ferry 
slips,  jetties,  jetty  inclines  and  the  necessary  machinery,  conveyors  and 
fixtures  for  the  economical  operation  of  property  of  this  character. 

3.  Report  on  comparative  merits  and  economic  features  of  ballast 
deck  and  reinforced  concrete  trestles,  taking  into  consideration  the 
design  of  ballast  floors  for  timber  trestles,  and  collecting  data  as  to  costs 
of  various  types  of  each  class  of  structure. 

4.  Continue  the  study  of  the  use  of  lag  screws  in  trestle  construc- 
tion. 

In  addition,  your  Committee  presents  report  on  Subject  (5)  of  last 
year,  Classification  of  Wooden  Bridges,  report  on  which  was  not  given 
at  the  last  convention. 

The  Committee  was  divided  into  four  Sub-Committees,  which  have 
worked  during  the  year  on  the  subjects  assigned. 

A  general  meeting  was  held  in  the  Association's  rooms  in  Chicago 
on  November  24th,  at  which  meeting  ten  members  were  present. 

A  second  meeting  was  held  in  the  Association's  rooms  on  January 
19th,  1918,  at  which  nine  members  were  present : 

From  the  work  of  the  Sub-Committee  during  the  year,  and  after 
consideration  at  those  meetings,  your  Committee  has  compiled  the  fol- 
lowing report : 

(1)     REVISION  OF  MANUAL. 

In  Appendix  A  the  Committee  submits  its  recommendations  for 
changes  in  the  Manual. 
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(2)     DESIGN  OF  DOCKS  AND  WHARVES. 

Your  Committee  plans  to  have  prepared  standard  details  of  various 
parts  of  wharf  structures.  None  of  these  are  yet  ready  for  presentation 
and  the  Committee  therefore  reports  progress  on  this  subject. 

(3)     COMPARATIVE   MERITS   OF   BALLAST   DECK   AND 
REINFORCED  CONCRETE  TRESTLES. 

In  Appendix  B  the  Committee  submits  the  results  of  its  work  on 
this  topic. 

(4)     USE  OF  LAG  SCREWS  IN  TRESTLE  CONSTRUCTION. 

In  Appendix  C  the  Committee  reports  further  on  this  subject,  and 
under  the  heading  of  Conclusions  makes  certain  recommendations,  which 
are  submitted  for  adoption  and  publication  in  the  Manual. 

CONCLUSIONS. 

1.  Your  Committee  recommends  that  the  changes  in  the  Manual, 
as  given  in  Appendix  A,  be  adopted. 

2.  Your  Committee  recommends  that  the  following  conclusions  in 
regard  to  the  use  of  lag  screws  in  trestle  construction  be  adopted  and 
published  in  the  Manual : 

(a)  Lag  Screws  require  greater  care  than  ordinary  bolts  and  nuts 
to  properly  install,  but  are  cheaper  on  account  of  ease  of  application. 

(b)  Lag  screws,  where  properly  applied,  hold  ties  from  bunching 
equally  as  well  as  bolts  and  nuts,  and  better  than  daps,  in  timber  guard 
rails. 

(c)  If  the  lag  screws  are  tightened  after  timber  has  shrunk,  there 
is  less  cost  of  maintenance  than  with  bolts  and  nuts. 

(d)  Use  of  lag  screws  renders  unnecessary  the  dumping  of  guard 
timbers,  and,  therefore,  decreases  cost  of  trestles  without  impairing 
quality. 

(e)  Surfacing  (sizing)  ties  and  guard  timbers  is  better  construc- 
tion than  dapping;  makes  a  better  riding  track,  thus  decreasing  impact 
stresses,  and  is  therefore  good  practice. 

(f)  For  proper  application  of  lag  screws,  holes  in  guard  timbers 
should  be  bored  with  auger  bits  -rV  in.  less  in  diameter  than  the  nominal 
size  of  lag  screws  used. 
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RECOMMENDATION  FOR  NEXT  YEAR'S  WORK. 

Your  Committee  recommends  for  next  year's  work  the  following 
subjects: 

1.  Revision  of  Manual. — Revise  the  table  of  recommended  stresses 
on  page  244  of  the  Manual  and  enlarge  it  to  include  stresses  in  treated 
timber. 

2.  Revision  of  Manual. — Consult  with  the  Committee  on  Grading  of 
Lumber   and  prepare  changes   required  to   eliminate   duplication. 

3.  Continue  study  of  details  of  Docks  and  Wharves. 

4.  Select   the    best    types    of    timber    trestles    and    prepare    standard 

details. 

Respectfully  submitted, 

The  Committee  on  Wooden  Bridges  and  Trestles. 


Appendix  A. 

(1)     REVISION  OF  MANUAL. 

C.  S.  Heritage,  Chairman,  Sub-Committee. 

Your  Committee  recommends  the  following  revisions  in  the  Manual : 

(1)  In  the  standard  specifications  for  Southern  Yellow  Pine  bridge 
and  trestle  timber,  change  the  heading,  "Standard  heart  grade,  longleaf 
yellow  pine,"  above  paragraph  No.  4,  on  page  231,  to  read,  "Standard 
heart  grade,  dense  yellow  pine,"  and  change  the  heading,  "Standard 
grade,  longleaf  and  shortleaf  yellow  pine,"  above  paragraph  No.  10,  on 
page  232,  to  read,  "Standard  grade,  sound  yellow  pine."  This  is  to 
conform  to  the  classification  of  yellow  pine  timber  as  adopted  by  the 
Association  in  1916. 

(2)  That  all  illustrations,  tables  and  diagrams  in  the  Manual  be 
designated  by  the  number  of  the  page  on  which  they  appear,  instead  of 
being  numbered  consecutively,  using  subscripts  when  more  than  one 
reference  appears  on  any  single  page. 

(3)  On  page  246,  change  the  last  part  of  paragraph  No.  2,  "The 
inner  guard  rail  should  not  be  higher  or  over  one  inch  lower  than  the 
running  rail,"  to  read,  "*  *  *  should  not  be  higher  or  more  than  one 
inch  lower    *     *     *" 

(4)  On  page  232,  paragraph  No.  9,  and  on  page  241,  paragraph  No. 
26,  change  the  term  "guard  rails"  to  "guard  timbers"  to  conform  to  the 
definitions  given  on  page  220  and  to  the  use  of  the  term  on  page  234, 
paragraph  No.  6. 
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COMPARATIVE  MERITS   OF  BALLAST  AND  REINFORCED 

CONCRETE  TRESTLES. 

A.  O.  Ridgway,  Chairman,  Sub-Committee. 

All  conclusions  of  the  Committee's  report  of  last  year  were  adopted 
by  the  Association  except  one,  namely :  "Creosoted  Timber  Trestles 
are  more  economical  than  concrete,  except  when  the  cost  of  the  con- 
crete structure  is  less  than  one  one-half  times  the  cost  of  the  wooden 
structure." 

Upon  presentation  of  the  report  to  the  convention  considerable  dis- 
cussion occurred,  the  general  purport  of  which  was  that  this  conclusion 
should  be  reconsidered  by  the  Committee,  principally  with  respect  to  the 
method  employed  in  reaching  the  results. 

Suggestion  has  been  made  that  the  Sinking  Fund  method  is  more 
nearly  correct  in  principle  for  indicating  comparative  ultimate  economy 
than  the  method  used  by  the  Committee  and  heretofore  called  the  "Capi- 
talization Method."  Accordingly,  much  effort  and  study  has  during  the 
past  year  been  devoted  to  the  practical  effects  of  the  application  of  the 
methods  to  the  problem  at  hand,  and  the  Committee  desires  to  present 
to  the  Association  the  results  of  its  endeavors  along  this  line,  both  for 
the  specific  purpose  under  discussion  and  for  other  purposes  of  a  similar 
nature. 

Comparison  of  Methods  for  Determining  Relative  Economy. 

To  facilitate  ready  comparison  of  the  methods  to  be  discussed,  the 
Committee's  method,  or  the  "Capitalization  Method,"  used  last  year,  is 
herein  repeated  as  Analysis  No.  1,  the  Sinking  Fund  Method  as  ordinarily 
used  is  shown  mathematically  in  Analysis  No.  2  and  the  Replacement 
Method  in  Analysis  No.  5  in  Addenda  (1),  and  for  the  purpose  under 
consideration  they  may  be  defined  as  follows : 

The  Replacement  Method  consists  in  renewing  a  structure  with  new 
money  or  with  funds  taken  from  operating  income.  This  method  is  in 
practically  universal   use  in  this  country. 

The  Capitalization  Method  as  used  by  the  Committee  is  the  invest- 
ment of  a  fund  of  such  amount  and  in  such  manner  that  the  accumula- 
tion of  interest  thereon  will  periodically  amount  to  a  predetermined 
sum. 

The  Sinking  Fund  as  used  in  the  Sinking  Fund  Method  employed  by 
this  Committee  is  a  fund  accumulated  by  equal  periodical  increments 
invested  in  such  manner  that  at  the  end  of  a  certain  cycle  the  total  will 
amount  to  a  predetermined  sum. 

It  has  heretofore  been  stated  that  even  though  actual  installation 
costs  of  two  structures  under  comparison  are  lacking,  their  relative 
ultimate  economy  can  be  computed  as  a  ratio  of  the  two  costs,  regard- 
less of  the  numerical  value  thereof,  whieli  ratio  is  dependent  upon  the 
relative  lengths  of  serviceable  life.     Or  in   other  words,  a  ratio  of   costs 
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depending  only  upon  service  life  can  be  determined  and  which  will 
produce  equivalent  ultimate  economy.  These  ratios  for  different  com- 
binations of  service  life  are  found  by  substituting  for  "f"  in  the  Capi- 
talization Method  and  "F"  in  the  Sinking  Fund  Method  in  Analyses 
Nos.  1  and  2,  Addenda  (1).  Attention  is  directed  to  a  comparison  of 
the  two  formulas  given  in  Analysis  No.  3,  Addenda  (1),  where  the 
factors  involved  therein  are  represented  by  common  symbols.  It  will 
be  observed  from  this  Analysis  No.  3  that  the  two  methods  produce 
identical  results,  providing  a  common  rate  of  .  interest  is  assumed  on 
capital  invested  in  original  cost  of  structure  and  on  sinking  fund  annui- 
ties. It  is  the  contention  of  the  Committee  that  this  common  rate  should 
prevail  for  the  following  reasons : 

A  distinct  loss  accrues  to  an  individual  in  borrowing  money  for 
investment  in  a  structure  at  a  rate  of  interest  higher  than  that  carried 
by  money  loaned;  this  is  self-evident. 

The  service  use  of  a  structure  will  undoubtedly  return  profits  in 
excess  o"f  the  rate  of  interest  for  which  money  could  be  borrowed  to 
cover  its  construction  cost,  otherwise  investment  in  the  structure  would 
not  be  made.  Therefore,  capital  to  cover  that  cost,  whether  borrowed 
or  withdrawn  from  surplus,  is  worth  to  the  owner  at  least  the  price 
of  borrowed  money,  from  which  it  follows  that  the  acceptance  of  a 
lower  price  for  money  loaned  is  an  improvident  waste. 

Since  borrowed  capital  for  investment  is  assumed  to  return  to  the 
investor  a  greater  rate  than  the  cost  of  borrowing,  which  assumption 
must  be  a  fact  to  insure  any  investment  at  all,  it  would  be  more  profit- 
able for  the  investor  to  use  all  surplus  in  the  expansion  of  the  invest- 
ment and  borrow  money  for  the  unimpaired  maintenance  thereof  than  to 
accumulate  a  surplus  to  be  loaned  at  a  rate  of  interest  below  the  cost 
of  borrowing,  or  in  other  words,  the  intrinsic  worth  of  all  moneys 
used  in  the  conduct  of  a  business  is  to  the  owner  equal,  at  the  very 
least,  what  it  would  cost  him  to  borrow. 

We,  therefore,  think  a  common  rate  of  interest  proper  and  that  the 
assumed  rate  be  taken  as  the  net  cost  of  borrowing,  which,  as  we  have 
previously  stated  our  judgment  to  indicate  6  per  cent.  Then,  with  this 
common  rate  of  interest  the  Sinking  Fund  Method  resolves  itself  auto- 
matically into  the  Capitalization  Method  used  by  the  Committee  and 
resulting  in  the  basis  of  the  conclusion  in  question. 

For  the  sake  of  comparing  actual  numerical  results  of  the  two 
methods  and  to  show  how  little  divergence  really  exists  in  practical 
effect  between  them,  a  statement  of  ratios  of  installation  costs  to  pro- 
duce equivalent  ultimate  economy  computed  by  the  two  methods  at 
usual  rates  of  interest  and'  for  20  and  25  years'  service  lives  of  timber 
trestles  in  contrast  to  30  to  100  years'  service  lives  of  concrete  trestles 
appears  in  Addenda  (2).  Applying  the  ratios  derived  by  the  Sinking 
Fund  Method,  results  have  been  obtained  for  the  justifiable  expenditures 
per  linear  foot  for  the  installation  cost  of  concrete  trestles  to  produce 
ultimate  economy  equivalent  to  that  of  timber  trestles  when  the  latter 
cost  from  $10.00  to  $20.00  per  foot,  interest  being  computed  at  6  per 
cent,   and  3  per   cent.,    and  at  6   per   cent,   and  4  per  cent.     These   are 
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shown  in  the  four  tabular  statements  in  Addenda  (3)  and  should  be 
compared  with  the  two  tabular  statements  in  Appendix  A  of  last  year's 
report,  reproduced  herewith  for  convenience  in  Addenda  (4).  For  ex- 
ample, by  the  Capitalization  Method  there  would  apparently  be  justifi- 
cation in  expending  $28.98  for  a  concrete  trestle  lasting  100  years  when 
a  timber  trestle  costing  $20.00  will  last  20  years  if  interest  be  reckoned 
at  6  per  cent.,  while  by  the  Sinking  Fund  Method,  with  interest  at  6 
per  cent,  and  4  per  cent.,  the  justifiable  expenditure  for  the  concrete 
trestle  would  be  $30.78,  an  amount  still  consistent  with  the  Committee's 
general  conclusion. 

In  order  to  further  demonstrate  the  incorrectness  and  undesirability 
of  the  Sinking  Fund  Method  in  its  application  to  matters  of  this  kind, 
Analysis  No.  4,  Addenda  (1),  has  been  prepared,  and  shows  in  detail 
a  comparison  of  total  ultimate  costs  of  the  two  types  of  structures  as 
determined  by  the  two  methods  of  providing  funds  for  perpetual  mainte- 
nance. A  study  of  this  analysis  shows  conclusively  the  extravagance  of 
the  Sinking  Fund  Method,  using  lower  rates  of  interest,  as  compared 
with  the  Capitalization  Method  of  providing  for  the  renewal  of  struc- 
tures, and  proves  beyond  all  doubt  that  its  application  to  problems  of 
this  nature  is  neither  provident  nor  proper,  for  it  discloses  the  fact 
that  with  a  life  of  the  timber  trestle  fixed  at  20  years  and  with  interest 
at  6  per  cent,  and  3  per  cent.,  the  total  ultimate  cost  of  maintenance  of 
structures  by  the  Sinking  Fund  Method  is  uniformly  1.115  times  that 
computed  by  the  Capitalization  Method,  regardless  of  the  period  during 
which  the  structures  are  maintained.  Thus  the  Sinking  Fund  Method 
in  its  application  to  this  particular  case  requires  a  greater  draft  on 
surplus  or  borrowed  capital  than  the  Capitalization  Method  advocated 
by  the  Committee. 

A  singular,  but  none  the  less  important  and  pertinent  fact  in  con- 
nection with  this  particular  case,  is  that  in  event  of  an  over-estimate  in 
anticipated  length  of  life  of  the  more  permanent  structure  the  Sinking 
Fund  Method  with  lower  rates  of  interest  is  productive  of  a  greater 
deficiency  in  the  provision  of  funds  for  effecting  renewal  than  is  the 
Capitalization  Method.  The  same  line  of  reasoning  may  be  applied  in 
case  length  of  life  is  under-estimated,  in  which  event  there  would  be  a 
greater  excess  of  total  renewal  provision  in  the  form  of  annuities  than 
if  a  single  sum  had  been  placed  at  compound  interest  at  date  of  installa- 
tion. 

To  ascertain  whether  application  of  the  Sinking  Fund  Method  of 
financing  in  matters  of  the  kind  under  discussion  is  generally  used  or 
advocated  by  railway  officers,  the  Chairman  of  the  Committee  sent  out 
one  hundred  and  fifty-four  inquiries.  Out  of  a  total  of  one  hundred  and 
twenty-two  replies,  answering  fur  an  aggregate  of  218,078  miles  of 
line,  received  thus  far,  but  one,  covering  a  total  of  2085  miles,  Ot  less 
than  1  per  cent.,  reports  the  use  of  Sinking  Fund  Method;  eight,  with 
a  mileage  of  13,002,  or  6  per  c<  "I  .  while  not  using  it,  deem  it  desirable 
or  have   it   under   consideration;    one   hundred   twenty-one,   reporting    for 
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a  total  of  215,993  miles  of  line,  or  more  than  99  per  cent.,  indicate  no 
actual  application  whatever.  It  would  seem,  therefore,  improper  to 
assign  any  merits  to  the  method  on  the  grounds  of  widespread  favor 
or  extended  use  as  representative  of  good  practice. 

From  the  replies  received  to  the  Committee's  inquiry,  it  appears 
that,  with  one  exception,  all  roads  either  (a)  set  aside  a  reserve  in 
their  working  capital  to  provide  for  renewals,  or  else  (b)  replace  struc- 
tures with  money  from  current  funds  or  money  borrowed  for  the 
purpose  at  time  the  structure  needs  renewal.  Note  that  (a)  is  the  Sink- 
ing Fund  Method,  with  interest  return  not  less  than  the  cost  of  borrowed 
money,  which  method  has  been  heretofore  shown  to  be  identical  in  ulti- 
mate cost  with  the  Capitalization  Method  (see  Addenda  (1),  Analysis  3), 
while  (b)  is  the  method  in  most  general  use  and  is  herein  called  the 
Replacement  Method.  Computing  the  total  cost  by  the  Replacement 
Method,  it  "also  is  found  to  be  identical  with  the  Capitalization  Method. 
This  is  clearly  demonstrated  in  Addenda   (1),  Analysis  5. 

It  appears,  therefore,  that  the  Capitalization  Method  proposed  by 
this  Committee  is  virtually  in  use  to-day  by  practically  all  roads. 

First. — The  Sinking  Fund  Method  is  identical  with  Capitalization 
Method  when  interest  rate  on  annuities  is  same  as  interest  rate  on 
original  investment  cost,  which  equality  of  interest  rate  is  logical,  desir- 
able and  imperative  for  the  conservation  of  finance. 

Second. — There  is  not  only  improvidence  but  extravagance  in  the 
use  of  the  Sinking  Fund  Method  with  lower  rate  of  interest  in  financing 
the  recurring  renewals  of  perishable  structures. 

Third. — Wider  departure  between  actual  monetary  demands  and 
available  financial  provision  therefore  occurs  with  the  Sinking  Fund 
Method,  as  compared  with  the  Capitalization  Method,  if  an  error  has 
been  made  in  expected  length  of  life. 

Fourth. — That  the  Sinking  Fund  Method,  by  reason  of  its  extended 
use  and  general  favor,  should  be  adopted  in  comparing  ultimate  economy 
of  railway  structures  is  entirely  unwarranted. 

Fifth. — The  Sinking  Fund  Method  is  cumbersome,  complex,  and 
difficult  of  strict  application  in  practical  use,  while  the  Capitalization 
Method  is  relatively  simple  and  meets  with  equity  every  requirement 
necessary  for  comparative  purposes. 

Sixth. — The  Capitalization  Method  is  virtually  the  only  method  in 
use  to-day. 

Current  Maintenance  and  Inspection. 

As  the  Committee  has  heretofore  pointed  out,  it  is  impossible  to 
secure  reliable  figures  for  the  cost  of  repairs  to  keep  in  serviceable 
condition  throughout  their  lifetime  ballast  deck  creosoted  trestles,  prin- 
cipally because  no  record  thereof  has  been  kept  for  sufficiently  long 
periods  to  establish  any  basis  for  computation.  No  additional  data  of 
value  for  this  factor  of  the  case  could  be  collected  during  the  year. 
With   respect  to  extra  cost  of  maintenance  of  way  and   structures,   due 
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to  keeping  free  from  dry  grass,  weeds  or  other  inflammable  debris  the 
right-of-way  at  the  bridge  site,  the  Committee  has  already  expressed 
its  judgment  that  such  service  should  be  equally  well  performed  whether 
the  trestle  is  a  concrete  or  wooden  structure,  and,  therefore,  should  be 
neglected  in  a  comparison  of  the  two  types.  This  opinion  is  based  on 
very  obvious  requirements  of  eliminating  hazard  of  fire  damage  to  con- 
tiguous property,  both  of  railway  and  others,  and  of  general  neatness 
and  thrift.  Finally,  we  may  add  with  propriety,  that  concrete  structure 
will  not  be  entirely  free  from  charges  for  maintenance  and  inspection. 

Insurance. 

Attention  is  directed  to  the  Committee's  discussion  of  "Fire  Hazard" 
in  the  report  of  last  year,  to  the  effect  that  there  is  little  probability 
of  fire  loss  in  the  ballast  deck  timber  trestle.  During  the  year  inquiries 
have  been  sent  out  to  the  larger  railways  of  the  United  States  and 
Canada,  in  an  endeavor  to  ascertain  current  practice  with  respect  to 
whether  insurance  is  placed  on  either  open  deck  or  ballasted  deck  timber 
trestles,  and  if  so,  whether  a  difference  in  percentage  of  value  for 
which  the  two  types  of  wooden  trestles  are  insured  prevails.  Out  of  a 
total  of  157,673  miles  of  line  reporting,  69,039  miles,  or  43.8  per  cent., 
carried  no  insurance  on  such  structures ;  28,623  miles,  or  18.2  per  cent., 
maintain  their  own  insurance  fund;  60,011  miles,  or  38  per  cent.,  insure 
with  outside  companies.  While  generally  it  seems  to  be  the  practice  of 
roads  using  both  open  deck  and  ballasted  deck  trestles  not  to  differen- 
tiate between  the  two  kinds,  either  in  percentage  of  value  insured  or 
rates  paid  therefor,  we  find  there  is  so  great  a  divergence  in  such  rates 
paid  by  the  several  lines  that  no  general  rule  is  applicable.  It  is  evi- 
dent, however,  that  with  the  prevalent  low  insurance  rates  and  drafts, 
inconsiderable  in  magnitude  and  infrequent  in  occurrence,  on  company 
insurance  funds,  we  are  not  justified  in  introducing  into  the  question  of 
ultimate  economy  any  numerical  value  for  a  factor  of  so  uncertain  and 
elusive  a  character.  It  seems  to  us  far  better  to  point  out  the  probable 
degree  of  fire  hazard  to  be  considered  in  the  adoption  of  type  rather 
than  to  attempt  the  assignment  of  what  must  necessarily  be  a  speculative 
monetary  value  thereto,  and  this  course  has  been   followed. 

CONCLUSIONS. 

Attention  is  invited  to  the  Committee's  recommended  disposition  of 
its  report  of  last  year  of  all  these  uncertain  and  indeterminate  factors, 
which  were  mentioned  in  detail,  and  we  beg  to  submit  briefly  a  repeti- 
tion of  such  recommendation,  based  on  the  following  considerations: 

First. — The  Capitalization  Method  properly  shows  the  relative  worth 
of  the  capital  invested  in  structured  of  different  serviceable  lives  and  is, 
therefore,  a  desirable  criterion  for  comparing  ultimate  economy. 

Second. — In  the  absence  of  authentic  data  as  to  cost  of  current 
maintenance,    Inspection,    insurance    and    uncertain    renewal    cost    of    both 
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or  either  of  two  types  of  structures,  the  annual  expense  of  upkeep 
should  evidently  be  omitted  in  any  comparative  statement  of  cost,  leav- 
ing the  relative  influence  thereof  to  be  considered  by  the  investigator. 

The  Committee  has  been  guided  by  these  two  principles  in  reporting 
its  conclusions — the  first  in  using  the  Capitalization  Method  for  indi- 
cating the  justifiable  expenditure  in  installation  costs  of  concrete  trestles 
to  produce  ultimate  economy  equivalent  to  various  installation  costs  of 
creosoted  timber  trestles,  and  the  second  in  its  suggestion  as  to  assumed 
life  of  the  timber  structure  to  be  used  as  the  argument,  for  notwith- 
standing practical  unanimity  of  best  authorities  in  that  the  creosoted 
structure  will  last  twenty-five  years,  it  has  recommended  to  the  Asso- 
ciation the  use  of  a  twenty-year  life  in  considering  economic  value.  This 
arbitrary  reduction  in  assumed  life  of  timber  trestle  we  think  ample 
to  compensate  for  the  indeterminate  elements  and  consider  further  re- 
finement totally  unnecessary,  especially  since  there  is  likely  to  be  a 
difference  of  opinion,  even  to  the  extent  of  100  per  cent.,  in  the  assump- 
tion as  to  the  probable  life  of  the  concrete. 

We,  therefore,  believe  Conclusion  No.  6  of  last  year's  report  wholly 
warranted,  and,  after  thorough  reconsideration,  again  recommend  its 
adoption  for  printing  in  the  Manual  in  the  order  and  substance  as  therein 
stated :  "Creosoted  timber  trestles  are  more  economical  than  concrete, 
except  when  the  cost  of  the  concrete  structure  is  less  than  one  and  one- 
half  times  the  cost  of  the  wooden  structure." 

A  recommendation  is  also  made  for  the  adoption  by  the  Association 
for  printing  in  the  Manual  the  formula  for  the  Capitalization  Method 
as  developed  in  Analysis  No.  1,  Addenda  (1),  and  its  accompanying 
tabular  statements,  Nos.  1  and  2,  in  Addenda   (4)   hereof. 

In  order  that  the  members  may  also  have  at  hand  for  convenience  in 
any  purpose  for  which  applicable  all  the  results  of  the  Committee's  work, 
it  is  further  recommended  that  the  statement  of  ratios  of  installation 
costs  developed  by  the  Capitalization  Method  and  appearing  in  Addenda 
(5)  be  adopted  and  printed  in  the  Manual. 
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Addenda    (1) — Analysis  No.  1. 


CAPITALIZATION     METHOD 

Comparative  Economic    Value 
ballast  deck  trestles 


w  =  Cost  of  Wooden  Trestle. 

c  =  Cost  of  Concrete  Trestle. 

r  =Rate  of  interest. 

m=  Life  in  years  of  wooden  trestle. 

n  =     "     "      "      "    concrete 

x  =  Amount  capitalized  which  will  replace  wooden  trestle  every  m  years. 

y  =  ••  "         "  "       concrete      "  "      n 

T  =  Ratio  of  first  cost  of  concrete  trestle  to  first  cost  of  wooden 

trestle  to  produce  equal   ultimate  economy,  that  is 
f  =■  -^  or  fw=  c 

Then     -x(i+r)m  -  w+-x    and    y(i+r)n=c+y,  whence  x° ,-.  r^,  _  ^ 

a     _         c  _        fw 

and  y_  [0+r)n-i]   ~  [(i  +  r)n-i] 

To  produce   equivalent  ultimate  economy     w+x=*c+y,  which    by 
substituting   values  of  *x  and  y    gives 

fw 


w  + 


[(i  +  r)m-i] 


fw  + 


[0+r)n-i] 


Dividing  by  w  and  solving  for  f   it  is  found  that 

,  I 

f * — ;      J         which   is  variable  only  with  respect  to 

l+[(i  +  r)n-i]        m   and   n    the  assumed   lives  of  wood 
and   concrete.      By  using  as  an  argument 
first  cost  of  wooden  trestle   with  a  constant  life    re- 
gardless of  such  cost,  the   first  cost   of    a   concrete 
trestle   with  a  life  of  n   years   is  found   by  applying 
to  cost  of  wooden   trestle    the    coefficient  f  deter- 
mined   for   n   years. 
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Addenda  (1) — Analysis  No.  2. 

SINKING     FUND    METHOD 

Comparative   Economic    Value 
ballast  deck  trestles 


W  =  Cost  of  Wooden   Trestle. 

C    -  Cost  of  Concrete  Trestle. 

r    =  Rate  of  Interest  on  Cost  of  Trestle. 

r'   =     "     "  "       earned  by  5inking  Fund. 

m    =  Life,  in  years,  of  Wooden  Trestle. 

n    =    "       "       "       "   Concrete 

a     ■  Annual    Contribution  to  Sinking  Fund  required  to  reproduce 

wooden  trestle  at  end  of  m  years, 
b    =  Wr  =  Annual  interest  on  original  cost  of  Wooden  Trestle, 
d    ■  Annual   Contribution  to  Sinking  Fund  required  io  reproduce 

concrete  trestle  at  end  of  n  years, 
e    -  Cr  -  Annual  interest  on  original  cost  of  Concrete  Trestle. 
E    =  a  +  b«  Annual  expense  of  wooden  trestle. 
F_    -  d+e  -       "  "  concrete     " 

F    -  Ratio  of  first  cost  of  concrete  trestle  to  first  cost  of  wooden 

trestle  to  produce  equal  ultimate  economy;  that  is 

F    -.£.  or  FW-C 
W 

Then  E  =  Wr  +  -, —■ ,W    vm  , 

(I  +  r1)"1"  +  (l+r9m~* +  I 


and    E  -  Cr  + 


0+r')n_l    +  (l+r')n-2....+  l 
To  produce  equal  economy  E  -  E'  and  by  substituting   values  of 
E,E'and  C  and  solving   for    F. 


r  + 


r  + ! '  T    0+rr-i         r+ - 

(Ur')m"+Q  +  r')rn"2  +  l       m  Q  +  r-)-i      _  (i-r')m-i 
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Addenda   (1) — Analysis   No.  3. 

COMPARISON     OF     METHODS 

Comparative  Economic   Value 
ballast  deck  trestles 


W  =  Cost  of  Wooden  Trestle. 
C  -  Cost  of  Concrete  Trestle. 

Rate  of   Interest  on  Cost  of  Trestle, 

earned  by  Sinking  Fund. 
Life,  in  years,  of  Wooden  Trestle. 
"     "       "       "     Concrete  Trestle. 
Ratio  of  first  cost  of  Concrete  Trestle  to  first  cost  of  Wooden  Trestle 
to  produce  equal  ultimate  economy  by  capitalization   method,  that  is 

f  =  -C-   or  fW=C 
W 
Ratio  of  first  cost  of  Concrete  Trestle  to  first  cost  of  Wooden  Trestle 
to  produce  equal  ultimate  economy  by  sinking  fund  method,  that  is 

or  FW-C 


F--C- 
W 


By  capitalization  method 


- 

I  + 

i 

f 

(i  +  r)m-i 

i  + 
r+ 

I 

(i  +  r)"-i 
r' 

F 

(i  +r')m-i 

r' 

0) 


(2) 


By  sinking  fund  method 

"  (i  +  r')" 

A  comparison  shows  the  two  methods  to  be  identical  if  same  rate  of 
interest  is  earned  on  sinking  fund  as  that  paid  on  cost  of  trestle, 
for  in  that  case  r'-r   and  by  substituting  r  for  p'  in  (2)   it  becomes 


p       l+  0  +  r)m-i 


(3) 


(i+-r)n-  i 


which  is  identical  with  (i)  and  f-F    It  is  therefore  evident  that 
regardless  of  what  rate  of  interest   is  used  the  two  methods  are 
productive  of  the  same  results  provided  only  that  the  same 
rate  of  interest  be  applied  to-  sinking  fund  as  to  original  cost 
of  trestle. 
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Addenda  (1) — Analysis  No.  4. 


c   - 
'6*  - 


COMPARISON  OF  ULTIMATE  TOTAL  COST  OF  BALLAST   DECK  TRESTLES 
WITH  FUNDS  FOR  RENEWALS  PROVIDED    BY   CAPITALIZATION  AND  SINKING  FUND  METHODS 
w  -  Cost  of  Wooden  Trestle, 
c  •     •      "   Concrete 
r  •  Rate  of  Interest. 

r'-     v  "        earned  by  Sinking  Fund 

m  -  Life  in  years  of  Wooden  Trestle 
n  -     ■  "       '    Concrete 

w-  Ultimate  total  cost  of  Wooden  Trestle  for  n  years  (Capitalization  Method) 

•  n       •      (Sinking  Fund  Method,  rate  of  interest -r) 

•  n        •      ( r') 

Concrete      ■  •     n       -      (Capitalization  Method) 

■     n       ■      (Sinking  Fund  Method,  rate  of  interest-  r) 

•  •     n       ■       ( -CJ 

x  -  Amount  capitalized   which  will  replace  Wooden  Trestle  every   m  years. 

y  -  •  ...       Concrete       "  •       n       •    . 

a   ■  Annual   Sinking  Fund  Payments  required  to  produce  *I?S  in  m  years   at   r  interest 

a'  .       .  .  -  •  ■        #|U    •    m      ■        -     r'        • 

d  -      ■  ■  •  •  •         ■ ,      •       *  i« ■  •  if     *       ■"  r 

o"  -  •  •  -  •  itri   •  n      ■       ■    r 

BY    CAPITALIZATION    METHOD 

w-  w(i+r)"-w  +  x(i+r)"-x    and    x  =w  /,+r')n_l     then 
W  -  w(it-r)"-w  t  w  (lJ)m_,  [0*r)"-i]  -  w  [('^)"-l  +^^-1  j 
c  -  c(i  +  r)"-c +y(itr)"-y      and     y-  c  q^*-,       +hen 
C1  -  cCn-r)"-c-t-cf|tr!n-|  [0+r)"-i]  -  cO+r)" 

BY  SINKING  FUND  METHOD     when  rate  c 

»'■  w(i+r)"-w  +  wa  0+y"-1         and      a  -  ,,  ,Jm    ,       then 

W-  wO+O"-  w  +  w 

c--  c(itr)"-c  +  cd('  +  ^n-'        =>"<*     <*-  ;■,  +  —  -       • 

c--'c(,.r)"-ctc^37   -^erL-cO+fJl 

-BY  SINKING  FUND  METHOD 
and      a'-  7^- 

£±rr 


NTEREST     ON     Sll 


■-  w(i+r)n-  W  +  wa'-1 — p~ 
"-  w(i  +  r)n_w+  w  • 


EN     RATE   Or   INTEREST    ON    SINKING  FUND    IS    P1- 

—        +hen 


c--c(.tr)"-e*cd,0*y-i 


0  ♦"•>"-' 


-  wmfr)"-  ■  + 

-  cRur)"-!-. 


rV+rln- 

r(i+Om- 


C--  cOtrJ'-CK^;),.,     ■    -r-7 «  r'""    r(,  +  rf- 

From  the  above  results  it  will  be  seen  that  the  ultimate  total  cost  of  any  trestle  will  be  the  same  when  funds 
for  renewals  are  provided  by  Capitalization  Method,  as  when  provided  by  5inking  Fund  Method,  if  the  rate  of 
interest    on    Sinking  Fund  equals  the  rate  of  irterest  on  first  cost 

Nov;  let  F'-the  ratio  between  the    Ultimate   Cost   of  any  trestle  when  funds  for  renewals   are  provided  by 
Sinking  Fund  and  Capitalization     Methods:    Interest  on  5inkirg  Fund  -r' 

ir)'- 


TABLE.   GIVING  ULTIMATE   TOTAL    COST  OF  TRESTLES 


03.     THEN      F'-    I  US 


BY    CAPITALIZATION    AND    SINKING    FUND     METHODS 

BA5E0  ON  20  YEAR  LIFE    ANO     FIRST  COST  UNITY,   WITH    i%  INTEREST  ON  FIRST  COST,  AND    3%  INTEREST  ON  SINKING  FUND 


Methods 

ULTIMATE.  TOTAL  COST  OF  A  CREOSOTED  TIMBER 

OR  CONCRETE  THESTlE 

FOR  FOLLOWING    RIR'JOS   in  YtARi 

20         [         30         '          40                    SO 

$0                    70 

80                   90          |          100 

CAPITALIZATION     METHOD 
SIMON'S    FUND    METHOD 

3  207           6  892               3*3      1       2S31 
3  576     |       7  o8S               ISOS       1       2822 

46  48              54  39 

51  83              94  '0 

IS2  28          273  86        4»i   S» 

'69  79           305  34         5*8   IS 

Note    -   Above  values   show  the  ratio    F'  to  be  uniformly    I  M5  for  all  periods   cons  dered. 


WOODEN  BRIDGES  AND  TRESTLES.  597 


■  ■ 
I     j 

Addenda   (1) — Analysis  No.  5. 


REPLACEMENT    METHOD 

Comparative    Economic    Value 
BALLAST   DECK  TRESTLES 


w-  Cost  of  Wooden   Trestle. 

c  -     "      "   Concrete 

r  =  Rate  of  Interest 

m=Life  in  years  of  Wooden  Trestle. 

n  = "   Concrete 

A -Cost  of  Wooden  Trestle  for  a  period  of  n  years. 
B  -     "      ■  Concrete       "  '     "  ,'    n 

f'  =  Ratio  of  first  cost  of  concrete  trestle  to  first  cost  of  wooden 
trestle  to  produce  equal  ultimate  economy,  that  is 

w  or  ^'w  "  c 
Then  A  =  w  [0+r)«"+(i+r)*«".......  +(i+-r)"-^+(i+r)"-'"  +  (n-r)n]  =  yv(i-*-r)nt'"-(i+r)'1 

and  B  ■  c(i+r)n 
To  produce  equivalent  ultimate  economy   A»B,  which  by   substituting 
values  of  A,  B  and  c  gives 

f'w(i+r)"-  wH±r)n*m-P+r^     . 

Dividing  by  w  and  solving  for  f' it  is  found  that 

0+r)n*m-(i+r)m  (\+r)n*m-(\+r)m 

t'r         (n-r)"1-!  (i-+r),w',-(n-r)m    _       [(i+r)"-i][(i+r)'"-i] 

(l  +  r)n  '  "    (l+r)"*1"- (i+r)n  (n-r)"*m -Qr)" 


[0+rjn-l][(i+r)'"-i] 


V.'  Tl  1  |  ¥ ! 

(n-r)m-i  (\  +  r)m-\ 

_c  krj"     "  r~ i 


04r>"        »+_! 

V, 

V 

Capitalization    Method 


which  is  identical  to  the 
i+r)n':rf         '  +  (l  +  r)«_|  value  of    f  in  the 
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Addenda    (3). 

COMPARATIVE  COST  OF  INSTALLATION  OF  BALLAST  DECK 
TRESTLES  PER  LINEAR  FOOT  TO  PRODUCE  EQUIVALENT 
ECONOMIC  VALUE;  SINKING  FUND  METHOD;  INTEREST 
ON  ORIGINAL  COST  AT  6  PER  CENT.  PER  ANNUM;  AND 
INTEREST  ON  SINKING  FUND  FOR  MAINTENANCE  AT  3 
PER  CENT.  PER  ANNUM.  ASSUMING  CREOSOTED  TRES- 
TLE WILL  LAST  20  YEARS. 


CREOSOTED 
TIMBER 
SERVICE  I.IFE 
20  TEARS 

JUSTIFIABLE  EXPEHDITURE 

FOR  CONCRETE  SERVICEABLE  FOR 

30  Yre. 

40  Yrs. 

50  Yrs. 

60  Yrs. 

70  Yra. 

80  Yra. 

90  Yra. 

100  Yre. 

$10.00 

|12.00 

$13.26 

Sl4.ll 

$14.73 

$16.12 

$15.40 

$15.61 

$15.78 

U.00 

13.20 

14.69 

16.52 

16,20 

16.63 

16.94 

17.17 

17.36 

12.00 

14.40 

15.91 

16.93 

17.68 

18.14 

18.48 

18.73 

18.94 

13.00 

16.60 

17.24 

18.34 

19.15 

19.66 

20.02 

20.29 

20.61 

14.00 

16.60 

16.56 

19.76 

20.62 

21.17 

21.66 

21.85 

22.09 

16.00 

18.00 

19.89 

21.17 

22.10 

22.68 

23.10 

23.42 

23.67 

16.00 

19.20 

21.22 

22.58 

23.57 

24.19 

24.64 

24.98 

25,26 

17.00 

20,40 

22.54 

23.99 

26.04 

26.70 

26.18 

26.64 

26.83 

18.00 

21.60 

23.87 

25.40 

26.51 

27.22 

27.72 

28.10 

28.40 

19.00 

22.80 

26.19 

26.81 

27.99 

28.73 

29.26 

29.60 

29.96 

20.00 

24.00 

86.62 

28.82 

89.46 

30.24 

30.80 

31.  tZ 

31,66 
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Addenda    (3) — Continued. 

COMPARATIVE  COST  OF  INSTALLATION  PER  LINEAR  FOOT 
TO  PRODUCE  EQUIVALENT  ECONOMIC  VALUE;  SINKING 
FUN-D  METHOD;  INTEREST  ON  ORIGINAL  COST  AT  6  PER 
CENT.  PER  ANNUM  AND  INTEREST  ON  SINKING  FUND 
FOR  MAINTENANCE  AT  3  PER  CENT.  PER  ANNUM.  AS- 
SUMING CREOSOTED  TRESTLE  WILL  LAST  25  YEARS. 


1BLE  EXPEHDITURE 

FOR   CONCRETE   SE 

CREOSOTED 
TIMBER 
SERVICE  LI^E 
25  YEARS 

JUSTIPIj 

IVICEABLE  FOR 

30  Yre. 

40  Yrs. 

50  Yre. 

60   Yrs. 

70  Yrs. 

80   Yrs. 

90  Yrs. 

100  Yre 

$10.00 

$10.79 

011.92 

$12.68 

513.22 

$13. 50 

vl3.85 

$14.04 

$14.19 

11.00 

11.87 

13.11 

13.95 

14.54 

14.95 

15.24 

15.44 

15.61 

12.00 

12.95 

14.30 

15,22 

15.86 

16.31 

16.62 

16.85 

17.03 

13.00 

14,03 

15.50 

16.48 

17.19 

17.67 

18.01 

18.26, 

18.45 

14.00 

15.11 

16.69 

17.75 

18.51 

19.03 

19.39 

19.66 

19.87 

15.00 

16.19 

17.88 

19.02 

19.83 

20.39 

20.78 

21.06 

21.29 

16.00 

17*26 

19.07 

20.29 

21.15 

21.74. 

22.16 

22.46 

22.70 

17.00 

18;34 

20.26 

21.56 

22.47 

23.10 

23,65 

23,87 

24.12 

18.00 

19.42 

21.46 

22.82 

23.80 

24.46 

24.93 

25.27 

25.54 

19.00 

20.50 

22.65 

24  ."09 

26.12 

25.82 

26.32 

26.68 

26.96 

20.00 

21.58 

23.84 

25.36 

26.44 

27.18 

27,70 

28,08 

28.38 

WOODEN  BRIDGES  AND  TRESTLES. 


601 


Addenda    (3) — Continued. 

COMPARATIVE  COST  OF  INSTALLATION  OF  BALLAST  DECK 
TRESTLES  PER  LINEAR  FOOT  TO  PRODUCE  EQUIVALENT 
ECONOMICAL  VALUE;  SINKING  FUND  METHOD;  INTER- 
EST ON  ORIGINAL  COST  AT  6  PER  CENT.  PER  ANNUM 
AND  INTEREST  ON  SINKING  FUND  FOR  MAINTENANCE 
AT  4  PER  CENT.  PER  ANNUM.  ASSUMING  CREOSOTED 
TRESTLE  WILL  LAST  20  YEARS. 


CREOSOTED 
TIMBER 
SERVICE  LIFE 
20  YEARS 

JUSTICIABLE  EXPEKDITURE 

FOR   COHORETE  SE1 

mCEABLE  FOR 

30  Trs. 

40  Trs. 

50  Trs. 

60  Trs. 

70  Trs. 

80  Trs. 

90  Trs. 

100  Yrs. 

$10,00 

|12.02 

#13.27 

$14.06 

$14.68 

$14.91 

$16.14 

$16.29 

$16.39 

11.00 

13.23 

14.60 

15.47 

16.03 

16,41 

16.66 

16.82 

16.93 

12.00 

14.43 

15.92 

16.87 

17*49 

17,90 

18,17 

18.35 

18.47 

13.00 

16.63 

17.25 

18.28 

18.96 

19.39 

19.66 

19.88 

20.01 

14.00 

16.83 

18.58 

19.69 

20.41 

20.88 

21,19 

21.40 

21.64 

15.00 

18.04 

19.90 

21.09 

21.86 

22.87 

22.70 

22.93 

23.08 

16.00 

19.24 

21.23 

22.50 

23.32 

23.86 

24.22 

24.46 

24.62 

17.00 

20.44 

22.56 

23,91 

24.78 

26.36 

26.74 

26.99 

26.16 

18.00 

21.64 

23.89 

26.31 

26.24 

26.86 

£7,26 

87.66 

27.70 

19.00 

22.86 

26.21 

26.72 

i:7.69 

28.34 

28,76 

20.06 

£9.24 

20.00 

24.06  . 

26.64 

28.18 

29.10 

29.ee. 

30.28 

30.68 

30.78 
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Addenda    (3) — Continued. 

COMPARATIVE  COST  OF  INSTALLATION  OF  BALLAST  DECK 
TRESTLES  PER  LINEAR  FOOT  TO  PRODUCE  EQUIVALENT 
ECONOMIC  VALUE;  SINKING  FUND  METHOD;  INTEREST 
ON  ORIGINAL  COST  AT  6  PER  CENT.  PER  ANNUM;  AND 
INTEREST  ON  SINKING  FUND  FOR  MAINTENANCE  AT  4 
PER  CENT.  PER  ANNUM.  ASSUMING  CREOSOTED  TRES- 
TLE WILL  LAST  25  YEARS. 


CREOSOTED 
TIMBER 
SERVICE  HIE 
26  YEARS 

JUSTICIABLE  EXPENDITURE 

KIR  CONCRETE  SERVICEABLE  FOR 

30  Yre. 

40  Yre. 

60  Yre. 

60  Yre. 

70  Yrs. 

80  Yre. 

90  Yre. 

100  Yre 

$10.00 

$10.79 

$11.91 

$12.62 

$13.09 

$13.39 

$13.59 

$13.76 

$13.82 

11.00 

11.87 

13.10 

13.89 

14.39 

14,73 

14.96 

15.13 

15.20 

12.00 

12.96 

14.30 

15.16 

15.70 

16.07 

16.31 

16.51 

16.58 

13.00 

14.03 

16.49 

16.41 

17.01 

17.41 

17.61 

17.88 

17.96 

14.00 

16.11 

16.68 

17.67 

18.32 

18.75 

19.03 

19.26 

19.34 

16.00 

16.19 

17.87 

18.94 

19.63 

20.08 

20.39 

20.64 

20.72 

16.00 

17,27 

19.06 

20.20 

20.94 

21.42 

21,76 

22.01 

22.10 

17.00 

18.35 

20.25 

21.46 

22.25 

22.76 

23.10 

23.39 

23.49 

18.00 

19.43 

21.44 

22.72 

23.65 

24.10 

24.46 

34.76 

24.87 

19.00 

20,61 

22.63 

23.99 

24.86 

25.44 

26.82 

26.14 

26.25 

20.00 



21.69 

23.83 

25.25 

£6.17 

26.78 

27.16 

£7.61 

£7.63 
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Addenda    (4). 

COMPARATIVE  COST  OF  INSTALLATION  OF  BALLAST  DECK 
TRESTLES  PER  LINEAR  FOOT  TO  PRODUCE  EQUIVALENT 
ECONOMIC  VALUE;  INTEREST  AT  6  PER  CENT.  PER  AN- 
NUM. ASSUMING  CREOSOTED  TIMBER  TRESTLE  WILL 
SERVE  20  YEARS. 


0REC30TED 
TIMBER 

JUSTirilBLE  ECKHDITORB  fOR  CONCRETE  3KRVICBABLB  TOR 

3E3YICS  LITB 
SO  TEAR3 

30  Yra 

40  Yre 

60  Yra 

60  Yra 

TO  Yra 

80  Yra 

90  Yra 

100 

Yra 

$10  00 

#1S  00 

|1S  09 

♦13  T4 

♦14  09 

♦14  86 

♦14  39 

♦14  46 

♦14 

49 

11  00 

ia  80 

14  39 

16  18 

16  50 

16  Tl 

13  63 

15  90 

16 

94 

18 

00 

14  40 

16  TO 

16  49 

16  91 

IT  14 

IT  86 

IT  36 

IT 

39 

IS 

00 

16  60 

IT  01 

IT  66 

.16  88 

18  6T 

18  TO 

18  T9 

18 

83 

14 

00 

16  80 

16  38 

19  84 

19  T3 

80  00 

80  14 

80  84 

80 

88 

16 

00 

16  00 

19  63 

80  61 

81  14 

81  48 

81  58 

81  68 

81 

73 

it 

00 

19  80 

80  94 

81  99 

88  64 

88  86 

23  02 

83  13 

83 

18 

IT 

00 

80  40 

88  84 

23  36 

83  96 

84  86 

84  46 

84  67 

84 

68 

16 

00 

81  60 

83  66 

24  T4 

86  36 

86  Tl 

25  90 

86  08 

86 

09 

10  00 

88  60 

84  66 

86  11 

86  7T 

8T  14 

ST  34 

8T  46 

87 

63 

SO  00 

84  00 

86  IT 

8T  46 

88  18 

28  6T 

88  77 

88  91 

28 

98 
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Addenda    (4). 

COMPARATIVE  COST  OF  INSTALLATION  OF  BALLAST  DECK 
TRESTLES  PER  LINEAR  FOOT  TO  PRODUCE  EQUIVALENT 
ECONOMIC  VALUE;  INTEREST  AT  6  PER  CENT.  PER  AN- 
NUM. ASSUMING  CREOSOTED  TIMBER  TRESTLE  WILL 
SERVE  25  YEARS. 


CRE030TED 

TIMBER 

SERVICE   LIFB 

25  YEARS 

FCR  COflCf 

CR 

JUSTIFIABLE  EX 

'EBDITURE 

IETE  SERVICEABLE  1 

30  Tre 

4C  Irs 

60  Tre 

60  Tre 

70  Tre 

80  Tre 

90  Tre 

ICO  Tre 

$10  CO 

$  10  77 

$11  74 

$13  CO 

$12  33 

$12  64 

$12  82 

$12  91 

$12  97 

11  00 

11  64 

12  91 

13  66 

13  91 

14  10 

14  20 

14  27 

14  3C 

12  00 

12  92 

14  09 

14  80 

16  17 

16  38 

15  49 

15  65 

15  60 

13  00 

14  00 

16  26 

16  03 

16  44 

16  66 

16  78 

16  86 

16  90 

14  00 

16  07 

16  44 

17  26 

17  70 

17  94 

18  07 

18  16 

18  20 

16  00 

16  16 

17  61 

16  60 

18  96 

19  23 

19  36 

19  46 

19  6C 

16  00 

17  23 

18  79 

19  73 

20  23 

2C  61 

20  66 

20  76 

20  80 

17  00 

16  31 

19  96 

20  96 

21  49 

21  79 

21  94 

€2  05 

22  10 

is  oo 

19  38 

21  13 

22  19 

22  76 

23  07 

23  24 

23  34 

23  4C 

19  00 

SO  46 

22  31 

23  43 

24  02 

24  36 

24  53 

24  64 

24  70 

EO  00 

21  64 

23  48 

24  66 

26  29 

26  63 

25  62 

26  94 

26  00 
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Appendix  C. 

(4)     USE  OF  LAG  SCREWS  IN  TRESTLE  CONSTRUCTION. 
D.  W.  Smith,  Chairman,  Sub-Committee. 

The  uses  to  which  lag  screws  have  been  put  in  railroad  maintenance 
and  construction  have  been  both  varied  and  of  long  duration.  The 
investigation  of  this  Committee  in  regard  to  lag  screws  has  been  re- 
stricted to  only  one  of  the  many  uses,  viz.,  their  relative  merit  compared 
with  bolts  in  fastening  guard  timbers  to  ties  on  wooden  bridges  and 
trestles.  On  many  of  our  railroads  lags  have  been  used  quite  exten- 
sively for  this  purpose,  and  in  several  instances  have  become  the  stand- 
ard of  the  road.  Frequently  they  have  been  used  in  connection  with 
bolts  alternately  in  every  second  or  third  tie. 

No  standard  or  uniform  method  seems  to  exist  as  to  their  type  or 
use.  Where  lags  have  not  given  satisfaction,  it  can  generally  be  traced 
to  improper  method  of  use.  In  some  cases  the  lags  used  were  too  small 
to  withstand  the  strain  put  upon  them.  Some  have  improperly  applied 
them  by  using  them  in  a  hole  bored  too  large  or  too  small  or  perhaps 
too  shallow.  Failure  can  occasionally  be  attributed  to  the  method  of 
application  where  the  lag  is  driven  with  a  sledge,  thus  crushing  the 
wood  fiber  and  rendering  it  useless.  In  such  cases  water  enters  the 
timber  around  the  lag  and  in  a  short  time  decay  sets  in  and  loose  lags 
are  the  result.  To  obtain  the  greatest  efficiency  the  hole  should  be 
bored  to  proper  size  and  depth,  so  that  when  the  lag  is  screwed  to  its 
full  depth    the  hole  will  be  entirely  filled. 

For  several  years  the  Committee  has  had  the  subject  of  lag  screws 
under  investigation.  A  careful  comparison  of  the  best  methods  of  appli- 
cation has  been  made  the  subject  of  careful  study.  Early  in  1914 
various  inquiries  were  sent  to  a  large  number  of  carriers  throughout  the 
country,  outlining  to  them  the  desire  of  the  Committee  and  requesting 
certain  information  to  enable  it  to  further  study  the  merits  of  lags. 
The  constant  aim  of  the  Committee  has  been  to  locate  the  source  of 
trouble  where  lags  had  been  in  use,  and  later  discarded  on  account  of 
not  meeting  requirements. 

A  study  of  the  one  hundred  and  thirty-one  replies  received  to  in- 
quiries of  the  Committee,  aggregating  203,000  miles  of  railway,  showed 
that  103  roads,  with  a  combined  mileage  of  159,000  miles,  never  used 
lag  screws  in  any  form.  Twenty-eight  roads,  with  a  combined  mileage 
of  44,000  miles,  had  used  them  in  some  form  or  other  with  varied  suc- 
cess. 

To  formulate  a  more  conclusive  comparison,  another  circular  was 
sent  to  such  carriers  as  had  not  yet  used  lags  to  induce  them  to  make 
a  test  along  lines  outlined  by  the  Committee.  Of  the  seventy-five  replies 
received  in  answer  to  this  circular,  37  roads,  with  a  combined  mileage  of 
74,000  miles,   indicated   their   willingness   to  make   a   test    of   lag   screws 
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along  such  lines  and  under  such  instructions  as  the  Committee  might 
direct.  A  plan  was  prepared  illustrating  the  recommendations  of  the 
Committee.  On  this  same  plan  there  were  shown  designs  illustrating 
the  practice  of  a  few  of  the  roads  relative  to  their  method  of  use  of 
lags.  This  plan  was  sent  to  each  of  the  37  roads  previously  expressing 
its  willingness  to  give  lags  a  trial  on  one  or  more  structures  on  the 
line  of  its  road.  To  this  request,  17  roads,  with  a  combined  mileage 
of  39,600,  complied  and  reported  the  results  of  their  test  to  the  Com- 
mittee. Only  two  of  these  roads  reported  in  any  way  adversely,  while 
the  large  majority  of  them  were  convinced  that  lags  had  certain  advan- 
tageous features  not  common  to  bolts. 

The  principal  features  of  the  test,  as  recommended  by  the  Com- 
mittee, are  the  elimination  of  the  dapping  of  guard  timbers  and  ties, 
and  the  use  of  lags  in  each  tie  with  a  drift  bolt  in  each  second  tie 
to  securely  fasten  the  tie  to  the  stringer,  as  illustrated  in  (Fig.  1). 

It  is  also  evident  from  an  examination  of  the  plan  that  the  lining 
of  the  track  on  the  stringers  is  materially  simplified,  since  there  is  no 
dapping  of  ties  over  stringers  to  interfere. 

Where  the  suggestions  of  the  Committee  were  followed  in  the  test 
almost  universal  satisfaction  was  obtained.  Although  comparatively  few 
roads  have  used  the  design  of  trestle  shown  in  Fig.  1,  yet  since  those 
who  have  used  it  are  thoroughly  satisfied,  the  Committee  feels  free 
in  recommending  its  use  as  a  safe  and  econoVnical  form  of  construction. 
In  corroboration  of  the  above,  the  following  is  an  extract  from  a  report 
of  one  of  the  carriers  making  the  test,  and  clearly  sets  forth  the  merits 
of  lag  screws  when  compared  with  bolts  and  nuts  under  similar  condi- 
tions on  the  same  structure: 

"1.     Size  of  lag  screw,  24  in.  by  8  in. 

"2.     Lag  screws  were  placed  in  each  end  of  each  tie. 

"3.  Ties  were  dapped  a  varying  amount,  from  0  in.  to  y2  in.,  to 
provide  a  true  surface  for  the  rails.  The  wooden  guard  rails  were  not 
dapped,  but  laid  flat  on  the  ties. 

"4.  On  100-ft.  section  the  guard  rails  were  secured  with  lag  screws, 
and  on  adjoining  100-ft.  section,  the  guard  rails  were  secured  by  bolts  34 
in.  by  16  in. 

"5.     Lag  screws  used  on  100  ft.  of  bridge. 

"6.  An  inspection  of  lag  screws  was  made  September  30,  1916,  at 
which  time  21  of  a  total  of  200  were  found  to  be  loose,  and  were  tight- 
ened up.  On  the  same  date  an  inspection  of  the  adjoining  section  was 
made,  on  which  the  guard  rails  were  secured  by  bolts,  and  105  bolts 
were  found  to  be  loose  out  of  a  total  of  200,  or  52  per  cent.  All  bolts 
were  tightened  and  placed  in  good  condition  at  the  time  of  this  inspec- 
tion. 

"On  December  1,  1{>17,  another  inspection  was  made  and  all  rag 
screws  were  found  to  be  light.  On  the  100-ft.  section  on  which  bolts 
were  used,  we  found  that  24  nuts  and  washers  had  dropped  off  the 
bolts  and  47  other  nuts  were  loose.  We  estimated  that  it  will  cost  $.100 
fur  labor  and  material  to  replace  the  nuts  and  washers  and  to  tighten 
the  bolts  that  are  now  loose,  while  no  expenditure  is  mcr-sarv  at  this 
time  on  the  lag  screws. 

"7.      The   lag    screws    effectively    held    the    ties    from    hunching. 
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"8.  The  total  first  cost  of  applying  the  guard  rails  with  bolts  on 
100-ft.  section  of  bridge  was  $42.95.  The  total  first  cost  of  applying 
the  guard  rails  with  lag  screws  on  100-ft.  section  of  bridge  was  $16.59, 
showing  a  difference  of  $26.36  in  first  cost  in  favor  of  the  lag  screws. 
From  February  9,  1916,  to  December  1,  1917,  the  period  covered  by  the 
test,  $3.90  was  expended  for  tightening  bolts,  and  only  22  cents  for 
tightening  lag  screws. 

"9.  This  test  has  proved  that  lag  screws  are  more  effective  for  fas- 
tening guard  rails  than  bolts,  and  the  above  figures  indicate  that  lag 
screws  are  much  cheaper  to  apply  and  maintain,  and  give  better  results." 


Arthur  Crumpton, 

Vice-Chairman; 

Paul  Hamilton, 

Maro  Johnson, 

L.  C.  Lawton, 

S.  L.  McClanahan, 

L.  A.  Mitchell, 

T.  E.  Rust, 

A.  Swartz, 

W.  D.  Warren, 

- 

W.  D.  Williams, 

K.  G.  Williams, 

Committee. 

REPORT  OF  COMMITTEE  IX— ON  SIGNS,  FENCES  AND 

CROSSINGS. 

W.  F.  Strouse,  Chairman; 

F.  D.  Batchellor, 
H.  E.  Billman, 
C.  G.  Bryan, 

G.  F.  Black, 
A.  C.  Copland, 

A.  S.  Butterworth, 

B.  J.  Dalton, 

F.  T.  Darrow, 

G.  N.  Edmondson, 
R.  C.  Gowdy, 

To  the  American  Railway  Engineering  Association: 

The  Board  of  Direction  assigned  the  following  outline  of  work  for 
the  consideration  of  your  Committee : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and  submit  definite  recommendations  for  changes,  taking  into  special 
consideration  the  subject  of  flangeways,  both  when  the  street  or  highway- 
is  or  is  not  occupied  by  street  or  interurban  railway  tracks. 

2.  Report  on  subject  of  "Signs"  and  the  principles  of  design  and 
the  rules  for  their  use,  considering  the  adoption  of  a  standard  sign  for 
general  use  as  far  as  possible.  Study  in  this  connection,  in  collaboration 
with  Committee  on  Signals  and  Interlocking,  the  design  of  suitable  day 
and  night  (if  necessary)  marks  or  signs  for  switch  signals,  derail 
switches,  stop  posts,  slow  posts,  resume  speed  posts,  water  station  and 
trackpan  markers,  highway  crossing  signals,  etc.  Also  consider  the 
location  of  signs,  having  in  mind  the  matter  of  safety  of  employes 
obliged  to  use  the  roadway. 

4.  Report  on  legal  requirements  relative  to  the  provision  of  fences 
for  right-of-way  and  of  stock-guards. 

5.  Report  on  classification  of  fences  into  "types." 

6.  Make  a  comprehensive  study  of  crossings: 

(a)  Grade  crossings. 
Crossing  gates. 
Crossing  signal  bells. 
Warning  signals. 

(b)  Over-  and  undcr-grade  crossing. 

Study  the  laws  and  requirements  of  the  Federal  Gov- 
ernment of  the  various  States,  Provinces  or  Municipalities 
which  affect  the  distribution  of  cost  as  between  the  carrier 
and  the  public. 

7.  Make  a  careful  investigation  of  all  styles  of  manufactured  posts 
that  have  been  in  use  Ioiik'  enough  to  warrant  any  Conclusion  as  t<>  their 

durability,  with  particular  attention  to: 

Ca)  A  study  of  various  types  of  cud  or  Strain  posts  used 
with  steel  feme  posts,  with  a  \  it  w  to  recommending  a  ryp< 
which  would  be  a  satisfactory  substitute  for  posts  set  in  con 

crcte,  the  COSl   of   whit  li   i     high   in   those  now   in   use 
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(b)  An  investigation  as  to  the  best  method  of  bracing 
concrete  end  or  strain  posts. 

(c)  A    further   study  of   the   subject   of   concrete    fence 
posts  now  in  use  by  the  various  railroads. 

8.  Submit  a  revised  analysis  of  the  comparative  annual  cost  of 
fences,  using  wood,  metal  and  concrete  posts,  with  a  view  to  bringing 
this  subject,  considered  by  the  Committee  in  1912,  up  to  date. 

For  the  purpose  of  considering  the  above,  the  following  Sub-Com- 
mittees were  appointed: 

Subject  No.  1 — L.  A.  Mitchell  and  A.  Swartz.  Subject  No.  2 — for 
Eastern  Railroads — Arthur  Crumpton,  G.  F.  Black,  G.  N.  Edmondson, 
W.  D.  Warren ;  for  Western  Railroads — L.  C.  Lawton,  S.  L.  McClana- 
han,  B.  J.  Daltoh,  F.  T.  Darrow  and  R.  C.  Gowdy.  Subject  No.  5— F.  D. 
Batchellor,  Paul  Hamilton  and  A.  C.  Copland.  Subject  No.  6 — H.  E. 
Billman,  K.  G.  Williams  and  A.  S.  Butterworth.  Subjects  Nos.  7  and  8 — 
T.  E.  Rust,  C.  G.  Bryan  and  Maro  Johnson. 

COMMITTEE  MEETINGS. 

Your  Chairman  met  representatives  of  the  Sub-Committees  having 
under  consideration  Subjects  No.  1,  2,  6,  7  and  8,  in  Chicago,  October  18, 
1917,  at  which  meeting  there  were  present  the  following  members:  H.  E. 
Billman,  A.  S.  Butterworth,  F.  T.  Darrow,  Maro  Johnson,  L.  A.  Mitchell, 
T.  E.  Rust  and  K.  G.  Williams. 

(1)     FLANGEWAYS. 

A  report  on  this  subject  appears  in  Appendix  A,  and  the  recom- 
mendations of  the  Committee  are  given  at  the  end  of  that  section  for 
approval  and  publication  in  the   Manual. 

(2)     SIGNS— THE   PRINCIPLES   OF  DESIGN   AND   RULES   FOR 

THEIR  USE. 

The  report  on  this  subject  is  given  in  Appendix  B,  and  is  presented  as 
information. 

(4)     LEGAL   REQUIREMENTS    RELATIVE   TO    RIGHT-OF-WAY 
FENCES  AND  STOCK  GUARDS. 

Appendix  C  is  a  report  on  this  subject,  and  it  is  submitted  as  use- 
ful information. 

(5)     TYPES    OF   FENCES. 

A  report  on  this  subject  is  given  in  Appendix  D.  The  recommenda- 
tions of  the  Committee  are  submitted  for  approval  and  publication  in 
the  Manual. 

(6-b)     OVER-    AND  UNDER-GRADE  CROSSINGS. 

In  Appendix  E  your  Committee  submits  a  compilation  of  the  legal 
nquirements   for  over-and   under-grade   crossings. 
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(7-a)      END    OR    STRAIN    POSTS;     (7-b)      CONCRETE    FENCE 
POSTS;   (8)  ANALYSIS  OF  COST. 

Appendices  F.  G  and  H  contain  reports  on  these  three  subjects. 
The  recommendations  of  the  Committee  for  publication  in  the  Manual 
are  given  in  Appendix  G. 

CONCLUSIONS. 
Your  Committee  recommends  that  the  following  action  be  taken  on 
its  report:  » 

1.  That  the  recommendations  under  "Flangeways,"  in  Appendix  A, 
be  approved  and  published  in  the  Manual. 

2.  That  the  recommendations  of  the  Committee  in  reference  to 
"Types  of  Fences,"  Appendix  D,  be  approved  and  published  in  the 
Manual. 

3.  That  the  recommendations  of  the  Committee  in  reference  to 
"Concrete  Fence  Posts,"  Appendix  G,  be  approved  and  published  in  the 
Manual. 

4.  That  the  remainder  of  the  report  be  accepted  as  information. 

Respectfully  submitted, 
The  Committee  on   Signs,  Fences   and  Crossings. 


Appendix   A. 

(1)     FLANGEWAYS. 

L.  A.  Mitchell,  Chairman,  Sub-Committee. 

Last  year  your  Committee  submitted  considerable  information  rela- 
tive to  depth  and  width  of  flangeways  in  use  on  steam  and  electric  rail- 
ways throughout  the  United  States.  Owing  to  the  great  variety  in 
dimensions  of  flangeways  and  to  the  great  amount  of  information  sub- 
mitted by  the  railroads,  your  Committee  was  not  able  to  present  this 
information  in  the  form  it  desired,  nor  was  it  able  to  make  any  study 
looking  to  a  recommendation  for  standard  dimensions  of  flangeways. 
During  the  year  this  information  has  been  tabulated  showing  the  dimen- 
sions of  flangeways  in  use  on  the  different  steam  and  electric  railways, 
which  information  will  be  found  in  the  following  tables: 

Table  A — Dimensions  of  flangeways  of  electric  railways  crossing 

steam  railways. 
Table  B — Dimensions  of  flangeways  of  electric  railways  crossing 

electric  railways. 
Table  C — Dimensions  of  flangeways  of  steam  railways  crossing 

steam  railways. 
Table  D — Dimensions  of  flangeways  of  steam  railways  crossing 

electric  railways. 
Table    E — Dimensions    of    flangeways    of    steam    railways   where 

cast  frogs  are  used. 
Table  F — Dimensions  of  flangeways  of  electric  railways  where 

cast  frogs  are  used. 

After  a  careful  consideration  of  the  above  data,  the  Committee 
recommends  the  following  dimensions  for  flangeways : 

STRAIGHT   TRACK. 


Steam  Railways 

Electric  Railways 

Depth  of 
Flange 

Width  of 

Flangeway 

Depth  of 
Flangeway 

Depth  of 
Flange 

Width  of 
Flangeway 

Depth  of 
Flangeway 

M.  C.  B. 
Standard 

W 

W 

V 

IK' 

w%' 

1H' 
IN' 

For  flangeways  in  curved  tracks  of  steam  railways  an  increase  in 
width  of  •rV-inch  for  every  two  degrees  of  curvature  over  two  degrees  is 
recommended.  For  flangeways  in  curved  tracks  of  electric  railways  no 
special  increase  is  recommended,  as  the  above  dimensions  cover  ordinary 
operating  conditions.  On  some  roads  the  width  of  flangeway  is  in- 
creased as  the  gage  is  increased,  so  as  to  keep  the  distance  between  the 
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gage  line  and  wearing  surface  of  the  opposite  guard  rail  uniformly  4  ft. 
6^4  in.,  which  is  good  practice  and  recommended  for  excessive  curvature. 

For  flangeways  of  steam  railway  tracks  located  in  paved  streets,  the 
reports  show  widths  generally  ranging  from  V/2  in.  to  2l/2  in.,  with  one 
case  each  of  3  in.  and  4  in.  These  flangeways  are,  as  previously  reported, 
formed  by  rails  laid  on  side,  rails  placed  upright  with  separators,  planks 
and  other  paving  materials,  and  special  guard  rails.  For  flangeways  of 
electric  railway  tracks,  located  in  paved  streets,  the  widths  generally 
range  between  V/2  in.  and  2  in.,  although  one  case  reported  a  width  of 
3  in.,  another  2>l/2  in. 

The  depth  of  flangeways  of  steam  railway  tracks  varies  generally 
from  \%  in.  to  2  in.,  with  two  cases  of  3  in.;  while  the  depth  of  flange- 
ways of  electric  railway  tracks  varies  generally  from  ^-inch  to  \}£  in. 
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Appendix   B. 

(2)     SIGNS— THE  PRINCIPLES  OF  DESIGN  AND  RULES  FOR 

THEIR  USE. 
Arthur  Crumpton  and  L.  C.  Lawton,  Chairmen,  Sub-Committees. 

Your  Committee  had  prepared  a  progress  report  embodying  a  set  of 
signs  for  general  use,  the  scheme  being  a  rather  radical  departure  from 
the  signs  at  present  in  use  on  the  railroads  of  the  United  States  and 
Canada,  in  that  lettering  was  largely  eliminated.  The  underlying  prin- 
ciple in  the  design  was  that  signs  used  in  connection  with  the  operation 
of  trains  and  for  warning  the  public  at  highway  crossings  should  be 
made  as  prominent  as  possible,  while  those  delineating  property  and 
marking  corporation  limits,  mileage,  bridges,  etc.,  should  be  made  less 
conspicuous. 

Upon  taking  the  matter  up  with  Committee  X — On  Signals  and  In- 
terlocking, it  was  found  that  that  Committee  had  given  the  matter  very 
careful  consideration,  and  had  arrived  at  the  following  conclusion : 

"Some  of  the  so-called  signs  govern  train  operation  just  as  much 
as  the  movable  semaphore  of  an  interlocking  or  block  signal  system,  and 
these  signs  are  recognized  in  the  standard  code  of  the  American  Railway 
Association  as  signals.  A  note  to  the  definition  of  fixed  signal,  page  235, 
Rule  Book  of  the  American  Railway  Association,  reads  as  follows : 
'The  definition  of  a  "Fixed  Signal"  covers  such  signals  as  slow  boards, 
stop  boards,  yard  limits,  switch,  train  order,  block,  interlocking,  sema- 
phore, disc,  ball  or  other  means  for  displaying  indications  that  govern 
the  movement  of  a  train.'  Under  this  definition,  slow  boards,  stop  boards, 
etc.,  are  in  fact  signals.  It  seems  that  the  work  of  this  Committee 
should  be  confined  to  designing  these  signals,  and  that  the  designing  of 
information  signals  is  properly  a  subject  to  be  handled  by  Committee 
No.  9,  excepting  that  there  should  be  conference  between  the  two  Com- 
mittees to  the  end  of  avoiding  any  confliction  which  might  result  in 
confusion." 

Your  Committee  is  in  accord  with  the  above  conclusion  and  can  see 
no  advantage  in  submitting  another  set  of  designs  at  this  time. 

While  considering  the  subject  of  standard  signs,  it  is  fc"lt  it  should 
first  be  definitely  determined  what  signs  arc  considered  absolutely  neces- 
sary for  all  roads,  and  these  signs  should  then  be  divided  into  classes, 
and  the  classes  then  considered  in  deciding  the  types  to  be  adopted. 
Signs  naturally  divide  themselves  into  two  classes — those  that  apply  to 
the  public,  and  those  that  apply  to  employes.  There  is  no  question  that 
signs  applying  to  the  public  should  be  conspicuous,  and  have  such  letter 
ing  on  them  as  to  make  them  intelligent  to  the  public.  Signs  applying  to 
employes   arc,   to   some   extent,    further   divided    for   use   of   departments, 
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though  the  more  important  ones  are  for  the  operation  of  trains.  These 
signs  should  be  more  conspicuous  than  those  termed  information  signs. 
In  view  of  the  fact  that  we  now  have  Government  control  of  rail- 
roads, which  may  lead  to  the  transfer  of  men  from  one  road  to  another, 
as  is  being  done  with  equipment,  it  would  seem  most  desirable  that  uni- 
form signs  should  be  adopted  by  all  railroads.  As  efforts  are  being 
made  from  year  to  year  to  secure  more  permanent  materials  for  various 
structures,  it  is  considered  most  desirable  that  concrete  be  utilized  for 
all  information  signs  and,  when  possible,  for  other  signs,  all  suitably 
marked  to  convey  the  necessary  information. 


Appendix  C. 

(4)     LEGAL   REQUIREMENTS   RELATIVE  TO   RIGHT-OF-WAY 

FENCES  AND  STOCK-GUARDS. 

Prepared  by  W.  F.  Strouse. 

Last  year  your  Committee  submitted  abstracts  from  the  laws  of  the 
various  states  of  the  Union  and  Canada,  on  the  legal  requirements  rela- 
tive to  provision  of  fences  for  right-of-way  and  installation  of  stock- 
guards.  In  the  discussion  of  the  report  at  that  time,  it  was  suggested 
that  a  tabulated  statement  be  prepared,  giving  the  principal  information 
shown  in  the  abstracts — when  the  laws  were  passed,  what  constituted  a 
legal  fence,  and  other  information  of  this  character.  Your  Committee 
now  wishes  to  present,  in  tabulated  form,  the  information  suggested  in 
the  discussion. 

The  above-mentioned  laws  were  secured,  as  a  rule,  through  the 
legal  departments  of  the  railroad  companies  throughout  the  country,  and, 
in  most  cases,  gave  the  reference  and  date  when  the  laws  were  passed. 
Where  this  information  is  not  shown,  a  notation  has  been  made  that  the 
laws  referred  to  are  those  in  force  in  1916. 

It  will  be  noted  that  the  laws  of  but  nineteen  states  and  the  Dominion 
of  Canada  specify  the  height  of  a  legal  fence,  and  that  the  laws  of  but 
twenty-six  states  and  the  Dominion  of  Canada  specify  the  material  to 
be  used  in  their  construction.  The  laws  of  a  number  of  the  remaining 
states  are  entirely  silent  on  the  matter  of  what  constitutes  a  legal  fence, 
some  of  the  laws  making  no  mention  whatever  of  the  material  to  be 
used  or  the  height,  but  specifying  in  a  general  way  that  the  right-of-way 
shall  be  fenced  so  as  to  turn  the  various  kinds  of  live  stock.  In  a  few 
instances,  the  railroad  companies  are  obliged  to  secure  the  approval  of 
the  railroad  commission  for  both  fences  and  stock-guards. 

From  the  above,  it  would  seem  apparent  that  some  concerted  action 
should  be  taken  by  this  Association,  or  by  some  other  similar  body,  look- 
ing to  the  adoption  of  a  uniform  fence  law.  Under  present  conditions, 
it  is  difficult  in  many  cases  to  decide  damage  cases  on  account  of  the 
uncertainty  as  to  what  constitutes  a  legal  fence. 
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LEGAL  REQUIREMENTS  FOR  FENCES  AND  STOCK-GUARDS 

Fences  Required 
by  Statute 

Stock-Guards  Required 
by  Statute 

Legal  Fences 

Date  and  Reference 

States 

Against 

cattle, 

horses  and 

mules 

Against 

sheep  and 

swine 

Against 

cattle, 

horses  and 

mules 

Against 

sheep  and 

swine 

Mat. 

Ht. 

Alabama 

Approval  ot 
Yes 

R.  R.  Com 
Yes 

mission  req 
Yes 

uired. 
Yes 

Code  of  1907. 

Arizona 

Yes 

Yes 

Yes 

No 

Session  laws  1905. 

Arkansas 

Certain 
Counties 

Certain 
Counties 

Yes 

Yes 

Wood 
Wire 

Acts  of  1913. 

California 

Yes 

Yes 

No 

No 

Civil  Code  1909. 

Yes 

Yes 

Yes 

Yes 

Wire,  Wood 

4' 6' 

Railway  Act  1904. 

Colorado 

Yes 

Yes 

Yes 

Yes 

Laws  of  1911. 

Connecticut .... 

Must  have 
Yes 

approval  of 
N,o 

Railroad  Co 
Yes 

mmission. 
No 

Old  Laws  of  1836. 

Delaware 

Yes 

Yes 

Yes 

Yes 

Revised  Code  1915. 

Yes 

Yes 

Yes 

Yes 

Wood,  Wire 

In  force  in  1916. 

Georgia 

Yes 

Yes 

Yes 

Yes 

Wood,  Wire 

4'0' 

In  force  in  1916. 

Yes 

Yes 

Yes 

Yes 

4'0* 

Session  Laws  1911. 

Yes 

Yes 

Yes 

Yes 

In  force  in  1916. 

Yes 

Yes 

Yes 

Yes 

Wood,  Wire 

Burn's  Annotated  Statut' 
1914. 

Indian  Territory 

No 

Laws. 

No. 

Laws. 

Iowa 

Yes 

Yes 

Yes 

Yes 

Wire,  Wood 

4' 6' 

Code  of  1897. 

Railroads  a 
not  fence 

re  liable  if 
d. 

Yes 

Yes 

Wire,  Wood 

4' 6' 

General  Statute  1909. 

Kentucky 

Yes 

Yes 

Yes 

Yes 

1900. 

Louisiana 

Not  liable  i 
No 

f  fences  and 
No 

stock-guards 
No 

are  provide 
No 

d. 

Act  110,  1886. 

Yes 

Yes 

Requires  ap 

Railroad  C 

Yes 

proval  of 
ommission. 
No 

Revised  Statute. 

Maryland 

Cecil 
No 

County. 
No 

No 

No 

Wood, 
Woven  Wire 

4'0' 

Code  of  1904. 

Massachusetts. . 

Approval  ol 
Yes 

Railroad  Co 
Yes 

mmission  re 
Yes 

quired. 

Wood, 
Mas.  Emb. 

Revised  Laws  1906. 

Michigan 

Approval  ol 
Yes 

Railroad  C 
Yes 

ommission  r 
Yes 

equired. 

Wood,  Wire 

4' 6' 

Minnesota 

Yes 

Yes 

Yes 

Woven  Wire 

General  Statute  1913. 

Mississippi 

Yes 

Yes 

No 

Code  of.  1906. 

Missouri 

Yes 

Yes 

Yes 

Wood,  Wire 

4' 6' 

In  force  in  1916. 

Montana 

Yes 

Yes 

Yes 

Revised  Code  1907. 

Nebraska 

Yes 

Yes 

Yes 

In  force  in  1916. 

Nevada 

Yes 

Yes 

Yes 

In  force  in  1916. 
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States 

Fences  Required 
by  Statute 

Stock-Guards  Required 
by  Statute 

Legal  Fences 

Date  and  Reference 

Against 

cattle, 

horses  and 

mules 

Against 

sheep  and 

swine 

Against 

cattle, 

horses  and 

mules 

Against 

sheep  and 

awine 

Mat. 

Ht. 

■Jew  Hampshire 

Yes 

Yes 

Yes 

1889. 

■Jew  Jersey 

Yes 

Yes 

Yes 

Wood,  Stone 

Railroad  Laws  1903. 

■Jew  Mexico. . . . 

Yes 

Yes 

Yea 

Yes 

Wire,  Wood 

4'0' 

Statutes  of  1915. 

Jew  York 

Yes 

Yes 

Yes 

Yes 

Wood,  Wire 

4'0' 

In  force  in  1916. 

■forth  Carolina. 

Yes 

Yes 

Yes 

Yes 

Does  not 
Specify. 

4' 6* 
5'0* 

In  force  in  1916. 

Jorth  Dakota. . 

Approval 
Yes 

of   Railroad 
Yes 

Commissio 
Yes 

n  required. 
Yes 

Wire,  Wood 

4' 6' 

Civil  Code,  1913.  Amend- 
ed 1915. 

>hio 

Yes 

Yes 

Yea 

Yes 

Wire,  Wood 

In  force  in  1916. 

•klahoma 

Yes 

Yes 

No 

No 

4' 6' 

In  force  in  1916. 

>regon 

Yes 

Yes 

Woven  or 
Barb  Wire 

4'0' 

Lord's  Oregon  Laws,  1913. 

'ennsylvania. . . 

County 
No 

Laws. 
No 

County 
No 

Laws. 
No 

Wood,  Wire 

Public  Laws  1869. 

thode  Island. . . 

Yes 

Yes 

No 

No 

Hedge  Wall, 
Wire,  Wood 

4' 6' 
4'0' 

Public  Laws  1916. 

outh  Carolina. 

Yes 

Yes 

Yes 

Yes 

Wire,  Wood 

4'6"& 
5'0" 

In  force  in  1916. 

outh  Dakota. . 

Yea 

Yes 

Yea 

Yes 

Wood,  Wire 

4' 6' 

Civil  Code  1913. 
Amended  1915. 

I'ennessee 

Not  liable  i 
No 

f  fences  and  s 
No 

tock-guards 
No 

are  provided 
No 

.     Stone, 
Wood,  Wire 

3'6'& 
4' 6' 

Shannon's  Code  1889. 

'exas 

No 

No 

Yea 

Yea 

In  force  in  1916. 

Itah 

No 

Laws. 

No 

Laws. 

Yes 

Yes 

Yes 

Yes 

Public  Statute  4450-4458. 

j'irginia 

Yes 

Yes 

Yea 

Yes 

Wood,  Wire 

Code  of  1904. 

Washington 

Yes 

Yes 

Yea 

Yes 

R.  &  B.  Code. 

Il'eet  Virginia.. . 

Yes 

Yes 

Yea 

Y,-s 

Wood.  Wire, 
Hedge 

4' 6' 

1882. 

Yes 

Yes 

Yea 

Yea 

4'0' 

1913. 

Wyoming 

Yes 

Yes 

Yea 

Yoa 

Wire,  Wood 

Compiled  Statute  1010. 

Appendix    D. 

(5)     TYPES  OF  FENCES. 
F.  D.  Batchellor,  Chairman,  Sub-Committee. 

Your  Committee  desires  to  call  attention  to  the  exhaustive  report 
on  the  subject  of  right-of-way  and  snow  fences  made  three  years  ago, 
at  which  time  the  specifications  for  right-of-way  fences  were  revised  for 
inclusion  in  the  Manual. 

This  year  your  Committee  has  collected  a  number  of  photographs 
illustrating  special  fences  suitable  for  use  around  industrial  plants,  rail- 
road yards,  etc.  The  investigation  this  year  has  disclosed  the  fact  that 
there  is  a  great  variety  of  fences  in  use  at  this  time  for  the  above  pur- 
pose, ranging  from  the  ordinary  wood  picket  fence,  in  general  use  years 
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Fig.  1. 

ago,  to  the  solid  board  fence  surmounted  by  strands  of  barbed  wire,  and 
from  the  ordinary  iron  picket  fence  to  the  heavy  galvanized  woven  wire- 
fence,  surmounted  by  strands  of  barbed  wire,  shown  in  the  accompanying 
illustrations.  These  fences  are  usually  about  eight  feet  in  height,  and 
their  use  has  increased  very  rapidly  within  the  last  year  or  two,  particu- 
larly around  industrial  plants  engaged  in  the  manufacture  of  material 
used  in  connection  with  the  prosecution  of  the  war. 

Another  rather  common  form  of  fence  around  railroad  property 
consists  of  angle  iron  rails  and  pickets  with  flat  iron  bars  for  posts  and 
braces.  Your  Committee  recommends  the  inclusion,  in  the  Manual,  of 
photographs,  Figs.  1  to  9,  illustrating  this  class  of  fence. 
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Fig.  4. 


Fie.  5. 
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Fig.  6. 


Fig.  7 
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Fie.  8. 


Fig.  9. 


Appendix   E. 

(6-b)     OVER-  AND  UNDER-GRADE  CROSSINGS. 

H.  E.  Billman,  Chairman,  Sub-Committee. 

Under  6.   (b)  your  Committee  has  secured  the  following  information 
for  the  various  states : 
Alabama. 

PUBLIC    SERVICE    COMMISSION. 

In  the  absence  of  a  reply  from  the  Public  Service  Commission,  fol- 
lowing is  quoted  from  the  City  Engineer  of  Birmingham: 

"We  have  a  State  law  which  undertakes  to  force  the  railroad  com- 
panies to  pay  the  entire  expense,  including  the  consequential  damages. 
However,  this  law  has  never  been  tried  out  in  the  courts. 

"In  the  case  of  the  only  two  viaducts  which  have  been  built  since 
this  law  was  enacted,  the  City  and  the  railroads  have  gotten  together 
as  to  the  proportioning  of  the  cost.  In  one  instance  the  City  paid  30 
per  cent,  and  in  another  instance  20  per  cent,  of  the  entire  cost,  includ- 
ing consequential   damages." 

From  data  collected  it  appears  that  in  the  past  the  expense  has  been 
divided  by  agreement  between  the  parties  interested.  It  seems  to  depend 
to  some  extent  upon  who  initiates  the  request  for  the  separate  grades 
as  well  as  priority  of  one  corporation  over  another  at  any  point.  There 
are  instances  where  the  Municipality  has  borne  the  entire  cost  of  via- 
ducts. In  other  cases  the  railroads  have  borne  the  entire  expense,  and 
in  still  others  the  Street  Railway  has  borne  the  entire  cost. 

However,  in  most  instances  the  expense  is  distributed  between  the 
City,  the  Railroads,  the  Street  Railway,  Public  Service  Corporations  and 
others.  No  information  is  at  hand  indicating  that  the  State  shares  in 
the  cost  of  grade  crossing  elimination.  One  reply  indicates  that  the 
County  does  not  share  in  the  cost  of  work  done  within  the  corporate 
limits  of  a  municipality. 

Arizona. 

CORPORATION    COMMISSION    OF    ARIZON  V 

No  grade  crossing  of  a  railroad  and  highway  can  be  established  with- 
out the  permission  of  the  Corporation  Commission,  which  may  refuse 
such  permission  or  grant  it  upon  such  terms  and  conditions  as  it  may 
prescribe. 

The  exclusive  power  of  determining  the  point  of  crossing,  the  terms 
of  installation,  operation,  maintenance,  use  and  protection  of  one  rail- 
road by  another  railroad  or  street  railroad,  or  of  highways  by  railroads 
or  street  railroads,  is  vested  in  the  commission,  which  may  altei  01 
abolish  such  crossing  or  require  a  separation  of  grades,  prescribing  the 
terms  upon  which  such  separation  shall  be  made  and  tin-  proportion  in 
which  the  expense  of  alteration  or  abolition  of  the  crossing  shall  be 
divided  between  the  corporations  affected  and  the  State,  municipality 
or  other   public  authority   in  interest 

The  commission  may,  after  a  hearing  and  upon  its  own  motion  or 
complaint,  fmd  that  public  convenience  and  necessity  demand  the  estab 
lishment,  creation  or  construction  of  a  crossing  of  .i  street  or  highwaj 
over,  under,  or  upon  the  lines  of  any  public  service  corporation  ami 
ma\  by  order,  decision,  rule  or  decree  require  the  establishment,  eon 
struetioii  or  creation  of  such  crossing,  which  shall  thereafter  become 
a  public  highway  ami  crossing 
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Following  is  quoted  from  the  Chairman  of  the  Arizona  Corporation 
Commission : 

"We  have  not  been  called  upon  to  issue  any  orders  eliminating  grade 
crossings.  There  has  been  some  work  of  this  character  done  by  agree- 
ment between  cities  and  railroads.  I  will  advise  you  later  what  the 
basis  of  the  allocation  of  the  cost  has  been.  Without  being  able  to 
definitely  define  the  policy  of  the  Commission  in  the  questions  you  pro- 
pound, I  might  state  that  there  are  no  provisions  of  law  whereby  our 
State  would  bear  a  part  of  the  expense  of  the  elimination  of  grade 
crossings.  On  account  of  the  comparatively  light  highway  traffic  in  this 
State,  we  do  not  anticipate  the  question  will  be  of  very  great  impor- 
tance and  that  there  will  be  no  necessity  for  a  hard  and  fast  line  of 
procedure.  Generally  speaking,  it  seems  proper  to  the  writer  to  divide 
the  expense  of  grade-crossing  elimination  between  the  public  and  the 
railroads.  The  public  expense  would  be  borne  in  our  State  by  the 
City  or  other  political  subdivision  of  the  State.  If  other  public  service 
corporations  were  in  any  way  benefited  they  should,  in  my  opinion,  join 
in  the  expense,  i.  e.,  if  electric,  gas,  water  or  street  railway  companies 
were  in  any  manner  benefited  by  the  change,  it  would  be  proper  to 
assess  a  part  of  the  cost  against  the  utility  so  benefited." 

Arkansas. 

RAILROAD   COMMISSION   OF   ARKANSAS. 

There  are  no  laws  in  this  State  in  reference  to  the  elimination  of 
grade  crossings.  As  a  general  proposition  the  Railway  Companies  are 
required  to  bear  the  expense  of  all  crossings,  and  the  Railroad  Commis- 
sions have  authority,  in  certain  cases,  to  designate  whether  a  crossing 
should  be  at  grade  or  otherwise.  There  have  been  some  cases  where 
the  expense  of  crossings  have  been  divided  between  the  railroads  and 
municipalities  or  street  railways,  but,  as  a  general  proposition,  the  Rail- 
ways are  required  to  bear  the  entire  expense. 

The  St.  Louis,  Iron  Mountain  &  Southern  Railway,  the  Rock  Island, 
the  city,  the  county  and  the  street  railway  company  apportioned  the 
cost  of  West  Third  Street  viaduct  in  Little  Rock  in  the  following  pro- 
portions : 

St.  Louis,  Iron  Mountain  &  Southern 35  per  cent. 

Rock  Island  26  per  cent. 

Street  railway  company   19  per  cent. 

City  of  Little  Rock   10  per  cent. 

County  of  Pulaski  10  per  cent. 

California. 

RAILROAD    COMMISSION    OF    THE    STATE    OF    CALIFORNIA. 

Chapter  91,  section  43,  of  the  Public  Utilities  Act  of  1912,  amended 
by  the  Legislature  of  1917,  gives  to  the  Railroad  Commission  the  ex- 
clusive power  to  order  construction,  alteration,  relocation,  abolition,  etc., 
of  grade  crossings  and  to  apportion  the  expense  among  the  intereseed 
parties.  The  Commission  is  also  given  power  to  enforce  collection  by 
suit  of  any  part  of  the  expense  from  the  corporation  or  governmental 
body  to  which  such  expense  may  be  apportioned. 

Colorado. 

PUBLIC    UTILITIES    COMMISSION    OF    COLORADO. 

Section  29  of  the  Public  Utilities  Act  of  1913,  amended  in  1917, 
gives  to  the  Public  Utilities  Commission  the  power  to  order  construc- 
tion, alteration,  relocation,  abolition,  etc.,  of  crossings  between  railroads 
and  highways,  and  to  apportion  the  cost  to  the  railroad   or  street   rail- 
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way  corporation  affected,  or  between  the  corporation  or  corporations  and 
the  state,  county,  municipality  or  public  authority  in  interest. 

In  Denver  the  Alameda  Avenue  subway,  which  carries  the  street 
with  Electric  Railway  tracks  under  the  tracks  of  the  Santa  Fe,  the  D.  & 
R.  G..  and  Colorado  &  Southern,  was  paid  for  in  the  following  manner: 
City  331/3  per  cent.,  Railroads  331/3  per  cent,  Street  Railway  331/3 
per  cent. 

Connecticut. 

PUBLIC    UTILITIES    COMMISSION. 

The  Pubilc  Utilities  Commission  has  general  supervision  of  the 
matter  of  elimination  of  grade  crossings  between  highways  and_  rail- 
roads, but  the  apportionment  of  the  expense  is  fixed  by  law.  This  ap- 
portionment varies  according  to  who  initiates  the  project.  In  case  a 
City  or  other  governmental  body  petitions  for  the  change,  it  must  pay 
25  per  cent,  of  the  expense,  if  the  highwav  existed  prior  to  the  construc- 
tion of  the  railroad,  or  50  per  cent,  of  the  expense  if  the  railroad  was 
constructed  prior  to  the  opening  of  the  highway.  In  case  the  railroad 
initiates  the  petition,  it  bears  the  entire  expense  of  the  work,  and  it  is 
obligatory  that  each  railroad  shall  petition  each  year  for  the  abolition 
of  one  grade  crossing  for  every  fifty  miles  of  road  operated  within 
the  state.  In  case  a  street  railway  desires  the  change  in  a  crossing  it 
may  petition  on  the  same  basis  as  the  City  whose  streets  it  occupies. 

Delaware. 

DELAWARE    HAS    NO   RAILROAD   OR   PUBLIC   UTILITY    COMMISSION. 

No  reply  was  received  from  inquiries  addressed  to  City  Engineers,  or 
others,  in  the  state  of  Delaware,  and  the  only  information  available  is 
the  1913  report  nf  Railroad  and  Highway  Commission  of  Massachusetts, 
which  states  "the  public  utility  law  passed  in  1911  by  the  State  of 
Delaware  docs  not  appear  to  make  provision  for  the  elimination  of 
grade  crossings,  but  has  a  statute,  section  116,  intended  to  prevent  grade 
crossings  as  far  as  practicable." 

Florida. 

FLORIDA    RAILROAD    COMMISSION. 

From  the  information  collected,  it  appears  that  there  is  no  statute 
in  force  in  the  state  of  Florida  bearing  on  or  regulating  the  abolition 
of  grade  crossings.  It  necessarily  follows,  therefore,  that  any  action 
taken  on  this  subject  would  be  pursuant  to  voluntary  agreement  or  to 
the   provisions   of  street   franchises   granted    by    municipalities. 

No  information  is  available  as  to  any  grade  separatum  in  this  state. 
\\Y  learn,  however,  that  consideration  has  been  given  to  die  separation 
of  grades  at  two  or  three  points  on  the  Atlantic  Coast  Line.  At  one 
point  the  question  of  dividing  the  expense  with  the  County  was  con- 
sidered, and  the  County  officials  were  agreeable  to  dividing;  the  expense 
about  on  an  equal  basis,  bul  as  the  money  was  nol  available  to  do  the 
work,  nothing  has  been  done. 

Georgia. 

RAILROAD    commission    OF    GEORGIA. 

The  Secretary  of  the  Railroad  Commission  of  Georgia  advises  that 
the  Commission  has  no  jurisdiction  over  grade  crossings,  and  although 
the  Commission  has  recommended  to  the  Legislature  several  times  that 
it  lie  given  jurisdiction,  thi  lias  nol  been  enacted  int<>  a  law  up  to  the 
present  time. 

In  the  City  of  Savannah,  of  the  two  subwaya  constructed,  the  city 
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bore  one-third  of  the  expense  ;  in  another  case  the  expense  was  divided 
between  the  Street  Railway,  the  Railroad  Company  and  the  City;  and 
in  another  case  the  City  stood  one-half  the  cost  and  the  Railroad  the 
other  half. 

Idaho. 

PUBLIC    UTILITIES    COMMISSION. 

There  appears  to  be  no  specific  law  governing  the  elimination  of 
grade  crossings  between  railroads  and  highways.  Section  2808  of  article 
2  of  The  Idaho  Railroad  laws,  gives  railroads  broad  powers  in  taking 
lands  necessary   for  grade   crossing  elimination   work. 

In  Pocatello,  the  railroads  have  borne  all  the  cost  of  the  work,  in- 
cluding consequential  damages.  The  cost  of  removing  and  replacing 
paving,  walks,  etc.,  has  been  borne  by  the  abutting  property  owners, 
except  that  portion  located  on  or  over  carriers'  tracks  and  right-of-way. 

Illinois. 

PUBLIC    UTILITIES    COMMISSION    OF    ILLINOIS. 

The  Public  Utilities  Law  gives  to  the  Public  Utilities  Commission 
jurisdiction  over  the  matter  of  grade  crossing  elimination  and  empowers 
the  Commission  to  fix  the  apportionment  of  the  expense  in  connection 
with  same. 

Replies  from  inquiries  sent  to  several  cities  indicate  that  generally 
the  Municipality  bears  the  expense  of  damages  to  abutting  property  and 
cost  of  moving  drains,  sewers,  etc.,  owned  by  it;  the  public  service 
corporations  bear  expense  of  changing  street  railway  facilities,  elec- 
tric and  'phone  wires  and  poles,  gas  pipes,  conduits,  etc.,  owned  by 
them,  and  the  railroads  bear  all  other  expenses.  There  is  some  varia- 
tion in  the  practice,  however,  as  regards  to  the  cost  of  paving  and 
cost  of  changing  pipes,  poles,  etc.,  owned  by  the  Municipality,  these 
items  of  expense  being  borne  in  some  instances  by  the  railroads  and  in 
others  by  the  Municipality.  None  of  the  replies  received  indicate  that 
the  State  bears  any  part  of  the  expense  or  that  a  County  bears  any 
part  of  the  cost  of  work  done  within  the  corporate  limits  of  a  munici- 
pality. 

Indiana. 

PUBLIC    SERVICE    COMMISSION    OF    INDIANA. 

Secretary  of  the  above  Commission  advises  as  follows : 

"There  is  a  specific  law  granting  control  of  separation  of  grades 
to  the  Public  Service  Commission  of  Indiana.  There  has  been  no 
decision  of  the  Supreme  Court  of  Indiana  on  this  law.  Chapter  75  of 
the  Acts  of  1915  provide  certain  powers  to  cities  having  a  population 
of  20,000.  The  expense  is  fixed  or  apportioned  by  law,  the  Railway 
Companies  bearing  75  per  cent.,  the  State  nothing,  the  County  25  per 
cent,  and  the  municipality  and  public  service  corporations  nothing." 

In  Indianapolis  the  Railway  Company  paid  75  per  cent,  of  the  ex- 
pense of  grade  elimination,  the  Street  Railway  and  City  25  per  cent. 

In  Ft.  Wayne  the  Street  Railway  paid  12^4  per  cent,  of  the  total 
cost  of  some  grade  separation  work  done  by  the  Wabash  Railroad. 

Iowa. 

BOARD    OF    RAILROAD    COMMISSIONERS, 

Section  2017  of  the  Supplemental  Supplement  to  the  Code  of  Iowa, 
1915,   reads   as   follows: 

"Wherever  a  railroad  now  crosses  an  established  highway,  or  when 
a  new  railroad  crosses  an  established  highway,  or  when  it  is  desired 
to   locate  a   new   highway   across   an   established   railroad,   or   when   it   is 
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desired  by  any  citizen  of  or  the  board  of  supervisors  of  any  county  or 
by  the  township  trustees  of  any  township,  or  by  any  railroad  company 
operating  a  railroad  in  this  state,  for  the  safety  of  the  public  using 
such  highway,  to  change,  alter,  relocate,  or  vacate  an  established  high- 
way, where  same  crossed  a  railroad,  and  the  railroad  company  and  the 
board  of  supervisors  of  the  county  or  township  trustees  of  any  town- 
ship in  which  such  highway  crossing  is  located  cannot  agree  in  respect 
thereto,  the  board  of  railroad  commissions  of  this  state,  upon  applica- 
tion of  either  the  board  of  supervisors  or  township  trustees  of  any 
township  or  of  twenty-five  freeholders  of  said  county,  or  the  railroad 
company  interested,  are  authorized  and  empowered,  after  hearing  upon 
reasonable  notice,  to  determine  the  necessity  for  such  crossings,  loca- 
tion thereof,  whether  the  same  shall  be  at  grade  or  otherwise,  the  man- 
ner in  which  the  same  shall  be  constructed,  maintained,  or  _  changed, 
division  of  expense  thereof,  and  generally  to  make  such  orders  in  respect 
thereto  as  are  equitable  and  just,  including  the  right  to  require  con- 
demnation proceedings  to  be  instituted  bv  the  board  of  supervisors  as 
may  be  necessary  to  carry  out  such  order;  providing,  however,  that 
any  portion  of  such  expense  that  is  borne  by  any  city,  town,  county, 
state  or  other  public  body,  shall  forever  be  considered  as  held  in  trust 
by  said  railroad  company  receiving  same,  and  no  part  of  the  same  shall 
be  considered  a  part  of  the  value  of  the  properties  of  said  railroad 
company  upon  which  it  is  entitled  to  receive  a  return." 

Sections  770,  771  and  773  of  the  Code  of  Iowa,  1897,  as  amended 
by  the  Supplement  to  the  Code  of  Iowa,  1913,  and  the  Supplemental 
Supplement  to  the  Code  of  Iowa,  1915,  read  as  follows  : 

"Sec.  770.  Viaducts — when  required.  Cities  having  a  population 
of  seven  thousand  or  over  shall  have  power  to  require  any  railroad 
company,  owning  or  operating  any  railroad  tracks  upon  or  across  any 
public  streets  of  such  city,  to  erect,  construct,  reconstruct,  complete  and 
maintain,  to  the  extent  hereinafter  provided,  any  viaduct  upon  or  along 
such  streets,  and  over  or  under  such  tracks,  including  the  approaches 
thereto,  as  may  be  declared  by  ordinances  of  such  city  necessary  for 
the  safety  and  protection  of  the  public.  The  approaches  to  any  such 
viaduct  shall  not  exceed  a  total  distance  of  eight  hundred  feet,  but  no 
such  viaduct  shall  be  required  on  more  than  every  fourth  street  running 
in  the  same  direction,  and  no  railroad  company  shall  be  required  to 
build  or  contribute  to  the  building  of  more  than  one  BUCh  viaduct,  with 
its  approaches,  in  any  one  year:  nor  shall  any  viaduct  be  required  until 
the  board  of  railroad  commissioners  shall,  after  examination,  deter- 
mine the  same  to  be  necessary  for  the  public  safety  and  convenience, 
and  the  plans  of  said  viaduct,  prepared  as  hereinafter  provided,  shall 
have  been  approved  by  said  board." 

Sec.  771.  Assessment  of  damages.  That  section  seven  hundred 
seventy-one  of  the  code  of  supplement  (1902)  is  hereby  repealed  and  the 
following  enacted  in  lieu  thereof: 

"'Winn  a  viaduct   shall  be  by  ordinance  declared  necessary  for  the 
safety  and  protection  of  the  public,  the  council  shall  provide  for  apprais 
ing,  ai  nd  determining  the  damages  which  ma)  he  caused  to  any 

rty  by  reason  <>f  thi    construction  of  the  same  and  its  approaches. 

The    proceedings    for    SUch    purpose    shall    he   the    same    as    are    provided    in 

private  property  for  works  of  internal  improvement,  and 
the  dat  ed  shall  he  paid  by  the  dry  out  of  the  genera!  bridge 

fund,  or  in  cities  having  a  population  of  twelve  thousand  or  ovei 
any  other  fund  or  funds  legally  available  therefor.'" 

"Sec.   773.     Apportionment    of  cost    us.-   of    compensation    for 
When  two  or  more  railroad  companies  own  or  operate  separate 
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lines  of  track  to  be  crossed  by  a  viaduct,  the  proportion  thereof,  and  the 
approaches  thereto  to  be  constructed  by  each,  or  the  cost  to  be  borne  by 
each,  shall  be  determined  by  the  council.  The  council  shall  fix  a  time 
and  place  where  it  will  consider  such  matters  and  any  objections  that 
may  be  made  to  the  construction  of  such  viaduct  and  the  approaches 
thereto.  Not  less  than  twenty  days'  written  notice  of  such  hearing  shall 
be  given  to  the  company  or  companies  owning  or  operating  the  track  or 
tracks  over  or  under  which  it  is  proposed  to  construct  such  viaduct.  Said 
notice  may  be  served  in  the  same  manner  and  upon  the  same  persons  or 
officers  as  in  the  case  of  an  original  notice.  Such  cities  shall  have  power 
to  regulate  the  use  of  such  viaducts  and  to  authorize  or  forbid  the  use 
thereof  by  street  railway  companies  and  to  require  the  payment  of  com- 
pensation for  such  use.  After  the  completion  thereof,  any  revenue  de- 
rived therefrom  by  the  crossing  thereon  of  street  railway  lines  shall 
constitute  a  special  fund,  and  shall  be  applied  in  making  repairs  to  such 
viaduct.  One-half  of  all  ordinary  repairs  to  such  viaduct  or  its  ap- 
proaches shall  be  paid  out  of  such  fund,  or  be  borne  by  the  city,  and  the 
remaining  half  by  the  railroad  company;  and  if  the  track  of  more  than 
one  company  is  crossed,  the  costs  of  such  repairs  shall  be  borne  by  such 
companies  in  the  same  proportion  as  was  the  original  cost  of  construction." 

The  viaduct  carrying  Seventh  St.  over  the  tracks  of  various  Railways 
in  the  city  of  Des  Moines  will  be  paid  for  by  the  Railway  Companies,  the 
Street  Railway,  which  will  use  the  viaduct,  assuming  that  portion  of  the 
cost  covering  the  excess  capacity  of  the  Bridge  required  on  account  of 
its  traffic. 

Reply  to  inquiry  sent  to  City  Engineer,  Des  Moines,  indicates  that 
the  City  bears  the  consequential  damages  to  abutting  property;  cost  of 
paving,  walks,  etc.,  is  assessed  to  abutting  property  owners ;  Street  Rail- 
way Co.  and  other  public  service  corporations  bear  expense  of  changing 
facilities  owned  by  them  and  the  railroads  bear  all  other  expense.  There 
is  no  information  at  hand  to  indicate  that  the  State  shares  in  the  ex- 
pense, or  that  a  county  shares  in  the  expense  of  such  work  within  the 
corporate  limits  of  a  municipality. 

Kansas. 

PUBLIC   UTILITIES   COMMISSION. 

There  is  no  law  concerning  the  abolition  of  grade  crossings  nor  the 
apportionment  of  cost  incident  thereto. 

The  following  is  quoted  from  the  American  Railway  Engineering 
Association  Bulletin,  No.  171,  dated  November,  1914,  page  185: 

"Wichita,  Kansas.  At  one  subway  in  some  track  elevation  work  in 
which  there  is  a  street  railway,  the  street  railway  company  paid  not  only 
for  the  changes  in  its  tracks,  etc.,  and  the  pavement  in  and  between  its 
tracks,  but  pays  for  the  cost  of  the  substructure  of  the  street  which  it 
occupies,  including  the  pavement  and  column  pedestals,  and  the  excava- 
tion for  same.  There  is  a  mutual  agreement  here  between  the  railway 
company  and  the  city  and  the  street  railway  company  that,  in  any  future 
track  elevation,  one-third  will  be  paid  by  each  party." 

Kentucky. 

KENTUCKY   RAILROAD   COMMISSION. 

In  the  absence  of  any  information  from  the  above  commission,  there 
is  quoted  below  from  report  of  the  City  Engineer  of  Louisville,  Ky. : 

"There  is  no  State  or  Municipal  law  in  Kentucky  governing  the  ap- 
portionment of  costs  of  this  character,  and  consequently  I  am  unable  to 
give  you   the  information  in   the  form   that  you   desire  it.     However,  it 
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may  be  of  interest  to  your  committee  to  know  the  procedure  under  which 
grade  crossings  have  been  eliminated  in  Louisville. 

"All  work  done  to  date  has  been  arranged  by  mutual  agreement  be- 
tween the  Railroad  and  the  City,  each  bearing  a  portion  of  the  expense. 
In  the  last  work  done  locally,  however,  no  portion  of  the  expense  was 
paid  by  the  city,  owing  to  the  fact  that  the  reconstruction  of  the  Rail- 
road Company's  bridge  over  the  Ohio  River  and  the  relocation  of  its 
yards,  the  railroad  was  forced  to  elevate  its  tracks  to  avoid  prohibitive 
grades.  Under  these  circumstances,  the  city  did  not  feel  that  it  was 
called  on  to  bear  any  portion  of  the  expense,  since  the  work  was  not  done 
on  the  city's  initiative.  Some  part  of  the  cost  of  this  work  was  paid  by 
the  Street  Railway  Company,  under  a  private  agreement  between  that 
company  and  the  railroad.  On  all  work  done  prior  to  the  above  men- 
tioned job,  the  cost  has  been  divided  between  the  city  and  the  railroad, 
by  mutual  agreement,  on  the  following  basis : 

"The  cost  of  grading,  retaining  walls,  abutments,  super-structure, 
paving,  drainage,  and  in  fact  all  items  of  expense,  except  consequential 
damage  to  abutting  property,  was  borne  entirely,  in  so  far  as  the  ap- 
proaches are  concerned,  by  the  city.  The  same  expense  beneath  the  rail- 
road tracks  were  borne  entirely  by  the  railroad.  That  is— the  city  paid 
for  the  entire  cost  of  approaches,  and  the  railroad  company  for  the  sub- 
way proper.     In  addition,  the  city  paid  the  entire  property  damage." 

It  appears  that  by  apportioning  the  expense,  as  above  indicated,  the 
City  has  borne  about  65  per  cent,  of  the  total  cost. 

Louisiana. 

RAILROAD    COMMISSION    OF    LOUISIANA. 

Information  available  indicates  that  there  is  no  general  law  in  Louisi- 
ana governing  the  elimination  of  grade  crossings  between  railroads  and 
highways  or  streets,  and  that  the  Railroad  Commission  has  no  jurisdic- 
tion in  matters  of  this  kind. 

In  New  Orleans  two  viaducts  have  been  constructed  at  the  joint 
expense  of  the  Street  Railway  Company  and  the  Railroads. 

Maine. 

PUBLIC  UTILITIES   COMMISSION. 

The  following  is  quoted  from  the  Chairman  of  the  above  Commission  : 

"Public  Utilities  Commission  has  jurisdiction  over  the  elimination  of 
grade  crossings  and  no  city,  town  or  plantation  lias  any  jurisdiction  over 
the  matter  whatever. 

"Chapter  147  of  the  Public  Laws  of  1913  gives  to  this  Commission 
the  authority  upon  petition  by  the  municipal  officers  of  a  city  or  town  or 
the  railroad  interested  to  change  the  approaches  or  the  manner  of  cross- 
ing or  entirely  eliminate  a  grade  crossing  by  causing  a  way  to  pass  at  the 
side  of  the  railroad. 

"The  same  law  which  gives  us  authority  to  ad  fixes  the  division  of 
the  expense  at  65  per  cent,  to  the  railroad,  25  per  cent  to  the  State.  ami 
10  per  cent,  to  the  town. 

"The  division  of  the  expense  is  mandator]  and  th.-  auditing  oi  hills 
for  such  elimination  or  change  of  method  of  crossing  i-^  left  to  the  Public 
Utilities  Commission. 

"No  city  or  town  in  our  State  has  an)  authority  whatever  over  the 
matter  of  the   elimination   <>f  grade  crossings   "i    the   expense   incident 

thereto. 

"There  is  no  contemplated  legislation  ami  no  case  pending  which  will 
in  any  way  change  or  modify  the  existing  law." 
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Maryland. 

PUBLIC    SERVICE    COMMISSION. 

The  Public  Service  Commission  Law  of  1910  gives  the  Public  Service 
Commission  general  supervision  over  all  railroad  matters,  but  does  not 
specifically  cover  the  matter  of  grade  crossing  elimination  nor  apportion 
the  cost  of  such  work. 

In  Baltimore,  the  city  usually  has  borne  the  expense  of  changing 
sewers,  pipes,  poles,  wires,  etc.,  owned  by  it,  and  the  cost  of  paving  out- 
side the  right-of-way  limits ;  the  Street  Railway  Co.  and  other  public 
service  corporations  have  borne  the  expense  of  changing  their  tracks, 
poles,  wires,  conduits  and  other  facilities ;  and  the  railroads  usually  have 
borne  all  other  items  of  expense,  including  consequential  damages  to 
abutting  property. 

There  is  no  information  at  hand  indicating  that  the  State  shares  in 
the  cost  of  grade  crossing  elimination  work,  or  that  a  county  shares  in 
the  expense  of  work  within  the  corporate  limits  of  a  municipality. 

Massachusetts. 

PUBLIC  "  SERVICE    COMMISSION. 

The  Railroad  Laws  of  Massachusetts  provide  for  the  appointment  of 
a  special  commission  in  each  case  of  grade  crossing  elimination  work, 
whose  duties  shall  include  the  apportionment  of  the  cost  among  the 
various  parties  interested.  The  law  provides  that  the  railroads  shall  pay 
65  per  cent,  of  the  entire  expense;  a  street  railway  may  be  required  to 
pay  an  amount  not  exceeding  15  per  cent,  of  the  total  expense;  and  the 
remainder  shall  be  divided  between  the  State  and  the  local  governmental 
body,  but  not  exceeding  10  per  cent,  shall  be  paid  by  a  municipality. 

Michigan. 

MICHIGAN    RAILROAD   COMMISSION. 

The  Railroad  Laws  of  Michigan  give  to  the  Council  of  a  Municipality 
or  corresponding  governmental  body  of  townships,  counties,  etc.,  the  right 
to  enter  with  railroads,  railways  and  others  interested  into  agreements 
covering  the  matter  of  grade  crossing  elimination  and  the  apportionment 
of  the  cost  of  such  work.  These  agreements  are  subject  to  approval  of 
the  Railroad  Commission,  which  body  also  has  power  to  order  work  and 
apportion  cost  in  case  agreements  cannot  be  reached  by  parties  interested. 

In  Detroit,  usually  the  City  bears  the  consequential  damages  to  abut- 
ting property;  the  Street  Railway  bears  a  part  of  the  cost  of  changing  its 
facilities ;  the  other  public  service  corporations  bear  the  cost  of  changing 
their  pipes,  poles,  wires,  etc. ;  and  the  railroads  bear  all  the  other  expense, 
including  paving,  walks,  etc. 

Information  at  hand  indicates  that  the  State  does  not  share  in  the 
expense  of  this  work. 

Minnesota. 

MINNESOTA  RAILROAD  AND  WAREHOUSE  COMMISSION. 

There  appears  to  be  no  specific  laws  governing  the  matter  of  elimini- 
nation  of  grade  crossings  between  highways  and  railroads.  The  general 
laws  contain  provisions  which  are  held  by  the  Commission  to  put  all  ex- 
pense in  connection  with  railroad  crossings  upon  the  railroads. 

The  usual  manner  of  eliminating  grade  crossings  and  apportioning 
the  cost  is  by  agreement  between  the  local  governmental  body  and  the 
railroads.  The  City  sometimes  takes  care  of  the  paving;  the  Street  Rail- 
way and  other  public  service  corporations  usually  bear  the  cost  of  chang- 
ing  their   tracks,   poles,    pipes,    etc. ;    and    the    railroads    usually   bear   all 
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other    items    of    expense,    including    consequential    damages    to    abutting 
property. 

There  is  no  information  at  hand  to  indicate  that  the  State  bears  any 
part  of  the  expense  of  this  work.  In  the  City  of  Duluth,  the  County  has 
borne  a  portion  of  the  expense,  the  amount  varying  with  the  will  and 
pleasure  of  the  Commissioners. 

Mississippi. 

MISSISSIPPI  RAILROAD   COMMISSION. 

The  only  law  in  this  State  having  reference  to  grade  crossings  is 
Section  4053,  Code  of  1906,  which  provides: 

"Where  a  railroad  is  constructed  so  as  to  cross  a  highway,  and  it  be 
necessary  to  raise  or  lower  the  highway,  it  shall  be  the  duty  of  the  rail- 
road company  to  make  proper  and  easy  grades  in  the  highway,  so  that 
the  railroad  may  be  conveniently  crossed,  and  to  keep  such  crossings  in 
good  order ;  and  it  shall  be  the  duty  of  the  company  to  erect  and  keep  in 
order  all  bridges  on  any  highway,  at  such  points  as  bridges  may  be  neces- 
sary to  cross  the  railroad ;  and  any  company  which  shall  fail  to  comply 
with  these  provisions  shall  forfeit  the  sum  of  one  hundred  dollars,  to  be 
recovered  by  action  in  the  name  of  the  county  in  which  the  crossing  or 
bridge  is  situated." 

Section  3369,   Code  of   1906,  provides  : 

"To  regulate  the  crossings  of  railways  and  street-railroad  tracks, 
and  provide  precautions  and  prescribe  rules  regulating  the  same ;  and  to 
regulate  the  running  of  street-railroads  or  cars,  and  railway  engines, 
cars  and  trucks  within  the  limits  of  the  city,  and  to  prescribe  rules  re- 
lating thereto  and  govern  the  speed  thereof ;  and  to  make  any  other  and 
further  provisions,  rules  and  regulations  to  prevent  accidents  at  crossings 
and  on  the  tracks  of  railroads,  and  to  prevent  fires  from  engines  and  to 
require  railroad  companies  to  erect  viaducts  over  or  gates  across  their 
tracks  at  the  crossing  of  streets." 

Under  Section  4053,  it  would  seem  that  the  public  authorities  would 
have  the  power  to  impose  the  whole  expense  on  the  railroad  companies. 
Just  what  powers  the  municipalities  would  have  under  Section  3369  as  to 
apportioning  the  expense  lias  not  yet  been  determined,  as  no  case  under 
this  section  has  been  carried  to  the  Supreme  Court.  There  have  been 
several  attempts  on  the  part  of  the  legislature  to  pass  a  law  fixing  the 
proportionate  amount  that  the  municipality  and  the  railroad  compam 
should  each  pay,  but  these  have  always  been  ineffectual,  and  so  far  no 
law  has  been   passed. 

In  Vicksburg,  by  agreement  viaducts  have  been  constructed  in  which 
the  railroad  bore  the  expense  of  the  viaduct  proper  and  the  paving  on  its 
right-of-way;  the  street  railway  company  and  other  public  service  cor- 
porations  bore  the  expense  of  changing  their  facilities  and  the  City  hore 
the  expense  of  paving  not  on  carrier's  right-of-way,  the  cost  oi  moving 

pipes,    poles,    wires,    etc.,    owned   by   the    City    ;md    .ill    of    the    consequential 

ti  i  property. 

There   is   no   information   at    hand    to   indicate   that    the    State   shares   in 

the  expense  of  grade  separation  work. 

Missouri. 

tC   SERVICE   com  \i  [SSION, 

Section  50  of  Public  Service  Commission  law  of  1913  empowers  the 
Public  Service  Commission  to  order  the  elimination  of  gradi 

and    to   apportion    tin-   expense. 

The   practice   seems   to   he   thai    the    Railroads   pav    the   physical    I 

structure,   except    lighting   fixtures.     Where   structure  is  to  be  occupied 
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by    a   street   railway,    said    company    frequently   participates    in    expense; 
city  generally  takes  care  of  consequential  damages. 

Montana. 

RAILROAD    AND    PUBLIC    SERVICE   COMMISSION. 

There  appears  to  be  no  law  covering  the  abolition  of  grade  cross- 
ings, nor  the  apportionment  of  the  expense  incident  thereto. 

At  Great  Falls  two  viaducts  are  being  built  and  one  has  been  finished, 
and  the  City  Engineer  of  that  City  advises  as  follows : 

"Our  experience  to  date  has  been  that  carrier  has  borne  all  cost  of 
constructing  subways  and  overhead  crossings  with  the  exception  of  new 
pavements  and  moving  private  property." 

Nebraska. 

NEBRASKA   STATE  RAILWAY    COMMISSION. 

The  following  is  quoted  from  the  Chairman  of  the  above  Commission : 

"The  style  of  the  Nebraska  Commission  is  Nebraska  State  Railway 
Commission.  There  are  a  number  of  statutes  which  have  been  passed 
from  time  to  time,  providing  for  plans  and  specifications  of  public  cross- 
ings and  the  maintenance  and  upkeep  of  the  same,  which  will  be  found  in 
our  statutes.  However,  when  people  by  a  constitutional  amendment  cre- 
ated the  Nebraska  State  Railway  Commission,  jurisdiction  of  rates,  serv- 
ice and  general  control  of  all  common  carriers  were  placed  with  the 
Commission.  I  take  it  that  unless  our  legislature  specifically  legislate  in 
matters  of  rates  and  service  and  general  control  the  Commission  has  full 
and  complete  power  over  the  subject  matter. 

"I  believe  that  the  Commission  has  full  jurisdiction  of  all  crossings 
in  the  state  of  Nebraska,  both  public  and  private,  including  those  in  all 
cities  of  the  metropolitan  class,  first  and  second  class,  and  villages,  pri- 
vate farm  crossings  and  public  highway  crossings,  whether  they  be  over- 
head crossings,  grade  crossings  or  sub-crossings.  I  say  this  having  fully 
in  mind  Section  6042  of  Article  6,  Chapter  67,  Compiled  Statutes  of 
Nebraska  for  1913,  which  provides : 

"'CROSSINGS,  WHEN  PERSON  OWNS  LAND  ON  BOTH 
SIDES — When  any  person  owns  land  on  both  sides  of  any  railroad,  the 
corporation  owning  such  railroad  shall,  when  required  so  to  do,  make 
and  keep  in  good  repair  one  causeway  or  other  adequate  means  of  cross- 
ing the  same.' 

"This  statute  was  interpreted  by  our  own  Supreme  Court,  in  which 
there  are  certain  dissenting  opinions,  in  the  case  of  O.  &  R.  V.  Ry.  Co. 
vs.  Severin,  and  will  be  found  in  30  Nebraska  318.  This  opinion  was 
rendered  by  the  Supreme  Court  long  before  the  Nebraska  State  Railway 
Commission  had  been  created  by  the  constitutional  amendment,  and  I 
take  it  that  the  statute  is  obsolete  by  reason  of  the  constitutional  amend- 
ment which  created  the  Railway  Commission.  Said  constitutional  amend- 
ment placed  in  the  hands  of  the  Railway  Commission  jurisdiction  of 
rates  and  service  and  general  control. 

"My  theory  is  that  you  cannot  consider  service  without  at  the  same 
time  having  in  mind  facilities.  Crossings  and  crossing  facilities  certainly 
go  directly  to  the  public  safety,  which  matter  was  placed  in  the  hands  of 
the  Railway  Commission  by  statute.  Crossings  and  crossing  facilities 
also  go  directly  to  the  safety  of  people  riding  on  the  trains;  therefore, 
these  facilities  affect  the  service.  Without  going  into  a  long  discussion, 
I  am  frank  to  say  that  I  am  of  the  opinion  that  the  Railway  Commission 
has  full  jurisdiction  of  all  crossing  questions  in  the  state  of  Nebraska." 
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Following  is  quoted  from  American  Railway  Engineering  Association 
Bulletin  No.  171,  dated  November,  1914,  Page  186: 

"South  Omaha,  Neb.  The  Union  Pacific  Railroad  Company  built  a 
viaduct  to  carry  a  street  over  its  tracks.  This  viaduct  cost  exceeding 
$160,000  and  10  per  cent,  of  the  cost  was  paid  by  the  street  railway  com- 
pany in  addition  to  the  cost  of  paving  in  and  between  its  tracks,  as 
provided  for  in  its  franchise." 

Nevada. 

RAILROAD  COMMISSION  OF   NEVADA. 

Section  No.  7,  Paragraph  2,  of  the  Railroad  Commission  law  reads 
as  follows : 

"The  Commission  shall  also  have  full  power  to  investigate  the  physi- 
cal condition  of  all  railroad  property,  and,  in  the  interest  of  safety  or 
service,  shall  have  power  to  determine  and  order  repairs,  reinforcements 
or  reconstruction  of  property,  including  buildings,  tracks  and  equipment; 
also  the  power  to  determine  and  order  the  use  of  safety  appliances  in 
the  interests  of  employes  and  the  traveling  public,  such  as  crossing-gates, 
flagmen,  bells,  devices,  etc.,  interlocking  plants  at  railway  crossings  and 
all  other  modern  safety  devices.  The  Commission  shall  have  full  power 
to  determine  and  order  the  manner  in  which  any  railroad,  street  railway, 
steam  or  electric  railway,  or  other  common  carrier,  may  cross  another 
railroad,  street  railway,  whatever  the  motive  power,  at  grade,  or  above 
or  below  grade,  and  shall  prescribe  the  safety  appliances  and  regulations 
that  should  be  adopted  at  such  crossings  or  at  existing  grade  crossings 
or  railroads,  steam,  electric  or  other  motive  power  railwavs  for  the  pro- 
tection of  the  public  and  the  prevention  of  accidents.  The  Commission 
shall  have  the  power,  whenever,  in  its  judgment,  it  shall  appear  wise  and 
proper  to  do  so,  to  authorize  and  direct  reasonable  changes  in  train 
schedules  and  train  service." 

There  has  been  very  little  work  done  in  this  state  in  connection 
with  the  abolition  of  grade  crossings,  and,  as  a  consequence,  no  informa- 
tion is  available  concerning  the  practice. 

New    Hampshire. 

PUBLIC   SERVICE   COMMISSION. 

The  cities  or  towns  in  which  crossings  are  located  have  authority  to 
require  elimination,  and  the  railroad  may  appeal  to  the  Commission  from 
tin-  vote  of  the  municipality  requiring  such  elimination.  (See  Public 
Statutes,  Chapter  150,  Sections   15,  16  and  \7.) 

There  is  n<>  provision  regarding  division  i>i  expense,  li  the  Com- 
mission orders  elimination,  ii  is  presumed  by  the  Commission  that  the 
railroad  will  bear  the  expense,  unless  the  municipality  and  the  railroad 
enlc  r  into  a  voluntary  agreement  for  the  apportionment. 

New  Jersey. 

BOARD  OF   PUBLIC  UTILITIES   COMMISSIONERS. 

Chapter  57  of  the  T.aws  of  New  Jersey,  effective  March  12,  1913, 
de  thai  Commissioners  may  order  elimination  of  crossings,  expense 
to  be  borne  by  Railroad,  except  where  Street  Railways  are  mvovledj  in 
which  ease  nut  t,,  exceed  in  per  cent,  may  be  ordered  borne  by  the 
Street  Railway.  Public  Service  Corporations  bear  entire  expense  of 
•  hanging  their  facilities. 

I  i.ita  available  indicates  thai  at  Newark  two  important  pieces  of 
grade  elimination  have  been  completed  in  the  last  18  years  on  the  I  acka 
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wanna  and  Pennsylvania  Systems.  In  both  cases,  by  agreement,  the  City 
paid  the  railroad  the  sum  of  $600,000,  and  paid  one-half  of  the  property 
damages.  The  City's  share  of  the  total  cost  was  in  the  neighborhood 
of  20  per  cent. 

New    Mexico. 

STATE   CORPORATION    COMMISSION. 

There  appears  to  be  no  specific  law  covering  the  abolition  of  grade 
crossings,  and  no  information  is  available  concerning  any  work  of  this 
nature  that  has  been  .done. 

New    York. 

PUBLIC    SERVICE   COMMISSION. 

Sections  91,  92,  95,  97  and  99  of  Chapter  481,  Section  93  of  Chapter 
484  and  Section  94  of  Chapter  240  provide  that  upon  petition  from 
Municipalities  the  Commission  may  order  separation  of  grades  on  the 
following  basis  of  expense : 

Where  new  railroads  are  constructed  across  existing  streets,  Rail- 
roads  bear  100  per  cent. 

Where  new  highway  is  constructed  across  existing  railroads,  Rail- 
road- bear  50  per  cent,  and  Municipalities  50  per  cent. 

Where  changes  are  made  in  existing  structures,  excepting  where 
crossing  is  located  within  incorporated  villages  not  exceeding  1,200  in- 
habitants, Railroads  bear  50  per  cent.,  State  25  per  cent,  and  County  25 
per  cent. 

Where  changes  are  made  in  existing  structures  located  within  incor- 
porated limits  not  exceeding  1,200  inhabitants,  Railroads  bear  50  per  cent., 
State  25  per  cent,  and  Municipalities  25  per  cent. 

Where  State  highway  is  involved,  Railroads  50  per  cent,  and  State 
50  per  cent. 

Where  County  highway  is  involved.  Railroad  50  per  cent. ;  State, 
County  and  Municipality  50  per  cent.,  divided  in  same  proportion  and 
manner  as  construction  or  improvement  of  such  highway  is  apportioned. 

Consequential  damages,  expense  of  changing  sewers,  water  pipes, 
etc.,  are  included  in  joint  account  and  distributed  on  proper  percentages. 
Public  Service  Corporations  bear  expense  of  their  own  facilities  affected. 

Legislature  appropriates  $100,000.00  annually  for  grade  crossings,  and 
if  this  amount  is  not  expended,  the  unexpended  portion  is  used  to  re- 
duce the  next  year's  proportion.  The  maintenance  of  existing  structures 
is  on  the  basis  of:  overhead  highway,  framework  and  abutment  by  rail- 
i" nI,  railroad  approaches  by  Municipalities,  under  grade  crossings,  bridge 
abutments  by  railroads,  subway  and  approaches  by  Municipalities. 

The  Cities  of  Buffalo,  Syracuse  and  Niagara  Falls  have  special  laws. 

Buffalo:  Department  of  Public  Works  petitions  the  State  Public 
Service  Commission,  which  orders  manner  and  method  of  crossing  ex- 
pense being  borne  50  per  cent,  by  Railroad  and  50  per  cent,  by  City. 
Expense  generally   includes   paving  across   Railroad's   right  of  way. 

Syracuse:  City  may  order  elimination  of  crossings  subject  to  ap- 
proval of  Public  Service  Commission,  expense  being  borne  50  per  cent. 
by  Pail  road,  25  per  cent,  by  City  and  25  per  cent,  by  State — expense  in- 
i  ludes  all  changes. 

Niagara  Falls:     No  information  available. 


North    Carolina. 


CORPORATION    COMMISSION. 


In   the   absence   of   any   information   received   from   the   above    Com- 
mission, there  is  quoted  below  information  secured  from  Assistant  Gen- 
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eral  Counsel,  Mr.  P.  A.  Wilcox,  of  the  Atlantic  Coast  Line  Railroad 
Company : 

"I  beg  to  call  your  attention  to  the  attached  copy  of  letter  from 
Mr.  W.  A.  Townes,  Attorney,  in  which  he  outlines  the  law  on  the  sub- 
ject, rules  of  the  Corporation  Commission  of  this  State,  and  makes  refer- 
ence to  certain  decisions  in  cases  from  this  State,  where  the  question  has 
been  touched  upon  directly  or  collaterally.  However,  there  seems  to  be 
no  statute  or  regulations  bearing  directly  on  the  subject,  and  the  separa- 
tion of  grade  crossings  between  Railroad  and  Highway  is  a  matter  of 
agreement." 

I  quote  below  letter  above  referred  to  from  W.  A.  Townes,  Attorney : 

"Replying  to  your  request  of  November  9,  1917,  for  advice  as  to  the 
Law  in  North  Carolina  governing  this  subject,  I  will  state  that  Sections 
2567  (5  and  6)  to  2573,  inclusive  of  the  Revisal  of  1905,  cover  generally 
the  subject  of  the  rights  of  railroads  to  cross  public  highways.  Section 
2601  of  the  Revisal  of  1905  covers  crossing  of  private  roads. 

"Section  1097  of  the  Revisals  of  1905  gave  authority  to  the  Corpora- 
tion Commission  of  North  Carolina  on  this  subject  generally,  same  being 
an  act  originally  enacted  in  1899,  Chapter  164.  This  section  was  again 
amended  and  re-enacted  in  part  in  the  Session  of  1911,  Chapter  197,  and 
the  extra  Session  of  1913,  Chapter  63,  and  the  law  as  now  in  force  on 
this  subject  reads  as  follows: 

"'1097a.  Safety  and  convenience  of  passengers  and  patrons;  block 
systems ;  highway  crossings ;  railroad  crossings ;  crossing  bridges. 

"  'In  addition  to  the  powers  already  conferred  upon  and  possessed 
by  the  North  Carolina  Corporation  Commission  it  shall  have  power: 

"'(a)  To  make  any  necessary  and  proper  rules,  orders  and  regula- 
tions for  the  safety,  comfort  and  convenience  of  passengers,  shippers  or 
patrons  of  any  public  service  corporation,  and  to  require  the  observance 
of  the  same  by  the  company  and  its  employes. 

"'(b)  To  require  any  railroad  company  to  install  and  put  in  opera- 
tion and  maintain  upon  the  whole  or  any  part  of  its  road  a  block  system 
of  telegraphy  or  any  other  reasonable  safety  device,  but  no  railroad  com- 
pany shall  be  required  to  install  a  block  system  upon  any  part  of  its  road 
upon  which  it  is  not  operated  as  many  as  or  more  than  eight  trains  each 
way  per  day. 

"'(c)  To  require  the  raising  or  lowering  of  any  tracks  or  highways 
at  any  highway  or  railroad  crossing,  and  to  designate  who  shall  pay  for 
same;  and  when  they  think  proper,  partition  the  cost  of  abolishing  grade 
crossings  and  the  raising  or  lowering  of  said  track  or  highway  among 
the   railroads   and  municipalities   interested. 

"'(d)  To  require,  when  public  safety  demands,  when  and  in  cas< 
two  or  more  railroads  now  cross  or  may  hereafter  cross  each  other,  at 

a  common  grade,  or  any  railroad  crosses  any  stream  or  harbor  by  means 
of  a  bridge,  to  install  and  maintain  such  a  system  of  interlocking  or 
automatic    signals    as    will    render    it    safe    for    engines    and    trains    to    pass 

over  such  crossings  or  bridge  without  stopping,  and  t<>  apportion  tin-  cost 

of    installation    and    maintenance    between    said    railroads    as    ma\     he    just 

and  proper.     (1907,  c.  469;  1911,  c  197;  Ex.  Sess.  1913,  c.  61)' 

"  \s  far  as  I  can  locate,  this  Section  10«>7a  (c)  has  not  been  passed 
upon  by  the  Supreme  Court  of  North  Carolina,  but  the  original  Section 
1097  was  referred  to  in  the  case  of  (he  Atlantic  ('oast  lane  Railroad 
Company  vs.  City  of  Goldsboro,  155   '  >,  71   S    E    Reporter  5U, 

affirmed  by  the  Supreme  Court  of  the  United  States,  232  1' 
Li  Ed.  721.    This  case  discusses  this  subject  generally,  and  you  will  note 
holds  that  this  statute  was  not  in  derogation  of  those  conferred  in  the 
charters  oi   towns  and  cities,  hut  is  supplementary   thereto 
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"Chief  Justice  Clark,  in  a  concurring  opinion  in  the  case  of  Herndon 
vs.  Durham  &  Southern  Railway  Company,  161  N.  C.  650,  11  S.  E.  R. 
683,  held  it  was  a  policy  of  the  Law  to  favor  under-passes  and  overhead 
bridges  and  to  abolish  grade  crossings,  but  this  I  think  was  merely 
obiter  dicta. 

"So  far  as  I  can  locate,  no  general  rules  or  regulations  have  been 
prescribed  by  the  North  Carolina  Railroad  Commission  under  authority 
of  Section  1097a  (d)." 

North    Dakota.  . 

I50ARD   OF   RAILROAD   COMMISSIONERS. 

The  following  is  quoted  from  Rate  Expert  and  Statistician,  J.  A. 
Little,  of  the  above  Commission : 

"The  power  to  regulate  this  matter  is  covered  by  Sections  4689-92 
of  the  Revised  Code  1913.  We  have  no  law  which  fixes  the  division  of 
expenses  of  grade  crossings  elimination  as  between  the  railroad  company 
and  minor  civil  divisions.  Our  law  does  not  provide  for  the  apportion- 
ment of  expense  in  this  connection  between  the  public  and  the  carrier; 
leaving  the  entire  burden  to  be  borne  by  the  railroad  company. 

"No  city  in  this  state  has  a  charter  which  gives  it  special  powers 
over  grade  crossings  separation  and  there  is  no  legislation  contemplated 
or  case  now  pending  which  will  have  a  bearing  on  the  construction  of 
the  present  law. 

"A  comparatively  recent  case  which  was  decided  by  our  Supreme 
Court  held  that  the  Board  of  Railroad  Commissioners  had  power  to  re- 
quire the  separation  of  grades  on  public  highways. 

"This  case  involved  a  highway  crossing  over  the  C.  M.  &  St.  P. 
Railroad  Company  at  Marmarth." 

Ohio. 

PUBLIC    UTILITIES    COMMISSION-   OF   OHIO. 

The  Public  Utilities  Commission  of  Ohio  has  no  jurisdiction  in  the 
matter  of  grade  crossing  elimination.  The  power  to  deal  with  matters 
nf  this  nature  is  vested  in  Municipalities. 

Section  8883  of  the  general  code,  which  was  amended  May  10,  1910, 
reads  as  follows : 

"The  cost  of  constructing  the  improvement  authorized,  including  the 
making  of  ways,  crossings  of  viaducts,  above  or  below  the  railroad 
tracks  and  the  raising  or  lowering  of  the  grades  of  the  railroad  tracks 
and  sidetracks  for  such  distance  as  may  be  required  by  such  municipality 
and  made  necessary  by  such  improvement,  together  with  the  cost  of  land 
or  property  purchased  or  appropriated  and  damages  to  owners  of  abutting 
property  or  other  property,  shall  be  borne,  35  per  cent,  by  the  munici- 
pality and  65  per  cent,  by  such  railroad  company  or  companies.  The 
municipality  '-hall  have  a  right  of  action  against  any  such  railroad  com- 
pany for  the  recovery  of  the  65  per  cent,  and  such  costs  payable  by  it 
with  interest  from  the  time  they  become  due.  Such  municipality  and 
railroad  company  may  agree  as  to  what  part  of  the  work  shall  be  done 
by  the  railroad  company  and  also  fix  the  amount  to  be  allowed  or 
credited  to  the  company  for  doine:  the  work.  Such  railroad  company 
shall  be  entitled  to  deduct  from  its  65  per  cent,  of  the  cost  of  the  im- 
provement the  expense  incurred  by  it  in  the  change  of  grade  required  by 
the  municipality  or  made  necessary  by  it  under  such  specifications,  but 
only  in  case  the  amount  of  expense  has  been  agreed  upon  in  writing  be- 
tween the  municipality  and  the  railroad  company.  If  the  amount  of 
work  done  by  the  company,  or  made  necessary  by  reason  of  such  change 
of  grade  on  lowering  or  raising  its  tracks,  exceeds  65  per  cent,  of  the 
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cost  of  the  improvement,  then  it  shall  have  the  right  to  recover  the 
amount  with  interest  in  excess  of  65  per  cent,  of  the  expenses  in  an 
action  at  law  against  the  municipality." 

Oklahoma. 

CORPORATION    COMMISSION. 

Will  say  there  is  no  authority  for  compulsory  separation  of  grades, 
except  by  the  authorities  of  incorporated  cities  and  towns  and  by  the 
Legislature  as  to  highways  outside  of  such  incorporated  communities. 

The  Chairman  of  the  Corporation  Commission  advises  as  follows : 

"It  has  not  been  judicially  determined  just  what  jurisdiction  the 
Corporation  Commission  has  in  reference  to  the  matter  of  elimination 
of  grade  crossings  and  railroads.  In  the  case  of  A.  T.  &  S.  F.  Ry.  Co. 
vs.  State,  Supreme  Court  No.  6198,  pending  on  motion  for  rehearing, 
the  Court  held  that  the  matter  of  constructing  viaduct  over  the  Santa  Fe 
in  the  City  of  Guthrie  was  a  matter  for  the  local  authorities  to  regulate. 
Under  all  the  court  decisions  so  far,  the  local  authorities  in  incorporated 
cities  and  County  Commissioners  and  town  boards  outside  of  incorpo- 
rated cities,  are  the  bodies  which  have  jurisdiction  over  the  matter  of 
crossings. 

"The  power  exercised  by  the  Corporation  Commission  over  crossings 
is  found  in  Section  18,  Article  9,  Constitution.  The  following  cases  will 
give  you  the  law  in  reference  to  the  matters  you  ask  about :  A.  T.  & 
S.  F.  Railway  Company  vs.  State  ex  rel,  West,  40  Okla.  411,  138  Pac. 
1026;  St.  Louis-San  Francisco  Railroad  Company  vs.  Love  et  al.,  29 
Okla.  523,  118  Pac.  259;  A.  T.  &  S.  F.  Railway  Company  vs.  State  et  al., 
28  Okla.  797.  For  further  reference  to  road  law  see  Chapter  173,  Ses- 
sion Laws  1915.  A  letter  addressed  to  Hon.  Geo.  Noble,  State  Highway 
Commissioner,  will  secure  for  you  a  copy  of  this  law. 

"The  case  of  A.  T.  &  S.  F.  Ry.  Co.  vs.  State  et  al.,  Supreme  Court 
No.  6198,  now  pending  on  rehearing,  may  determine  the  jurisdiction  of 
the  Corporation  Commission  over  railroad  crossings." 

The  City  Engineer  of  the  City  of  Tulsa  advises  as  follow? : 

"In  as  much  as  the  improvements  heretofore,  as  regards  subways  and 
viaducts,  have  followed  lines  originally  contemplated,  there  has  been  no 
tearing  out  of  old  improvements,  and  that  problem  has  not  been  as  yet 
reached.  In  a  general  way,  the  railroads  pay  for  all  improvements  within 
the  right-of-way  lines,  while  the  City  assumes  the  cost  of  approaches, 
paving,  drainage,  damages,  etc.,  external  to  the  right  of  way,  either  by 
direct  payment,  or  by  assessing  a  portion  or  all  the  cost  to  the  adjoining 
property  in  proportion  to  benefits. 

"In  order  to  determine  the  street  grades,  ordinance?  are  passed  and 
public  utilities  (gas,  water,  poles,  conduits,  sewers,  etc.)  are  required  to 
be  constructed  to  conform,  and  the  city  is  in  no  case  liable  for  relaying 
or  revising  the  same  unless  a  change  of  grade  is  made,  in  which  case 
they  become  liable  for  the  full  cost  of  the  improvement,  due  to  the 
change. 

"The  question  of  seniority  of  street  railways  and  railroad  tracks 
depends  entirely  on  the  franchise  under  which  tin  v  operate.  We  new  i 
Untered   two  that    wen'   identical    in    their   provisions. 

"The  County  hears  no  part  in  municipal  improvements,  as  applied 
to  railroad  crossings. 

"The   above   discussion   applies   more   particularly   to   subways   than 

viaducts   in   this  city,   as   the   only   viaducts   of    any   length     330    fed — steel 

construction*    was   built    under   special    agreement,   both    with   regard   to 
apportionment  ind  maintenance,  by  the  Citj   oi  Tulsa,  the  street 

railway  and  the  railroad  company;  the  railroad's  proportion  being  about 
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60  per  cent,  of   the  cost   of   the   work  actually   within   the   right  of   way 
(which  was  about  300  feet  wide  on  the  angle  crossed)." 

Oregon. 

PUBLIC   SERVICE   COMMISSION   OF   OREGON. 

Chapters  228  and  429  of  the  Laws  of  Oregon  for  1917,  and  Chapter 
275  of  the  Laws  of  Oregon  for  1913  have  reference  to  the  question  of 
grade  crossing  elimination. 

In  these  we  find  that  the  Commission  has  power  to  order  grade 
separation  and  to  apportion  the  expense,  excepting  in  Cities  having  a 
population  of  100,000  or  over. 

The  only  cases  of  grade  separation  are  in  the  City -of  Portland,  which 
does  not  come  under  the  Commission's  control,  as  population  is  in  ex- 
cess of  100,000.  In  this  City  the  separation  of  grades  is  made  on  the 
basis  of  Railroads  bearing  entire  expense  of  any  changes  in  their  own 
tracks  and  the  balance  of  the  expense,  including  approaches,  sidewalks, 
sewers,  wire  lines,  consequential  damages,  Public  Service  Corporations, 
etc.,  is  divided  60  per  cent,  to  the  Railroads,  20  per  cent,  to  the  City  and 
20  per  cent,  to  a  local  benefit  district  which  is  organized  in  connection 
with  the  work.  The  Railroads'  portion  of  60  per  cent,  includes  all  Rail- 
roads and  Street  Railways,  and  the  division  of  this  percentage  to  be 
borne  by  each  must  be  decided  by  them  within  30  days  of  order  for  the 
work. 

Pennsylvania. 

PUBLIC   SERVICE   COMMISSION. 

The  Public  Service  Company  Law  creating  or  establishing  the  Pub- 
lic Service  Commission,  made  effective  January  1,  1914,  gave  certain 
powers  of  this  body  with  reference  to  grade  crossing  question.  These 
laws  were  amended  by  the  passage  of  two  acts  by  the  last  Legislature, 
one  of  which  amends  Section  12  of  Article  5  of  the  Public  Service  Com- 
pany Law  so  as  to  authorize  the  Public  Service  Commission  to  establish, 
lay  out  and  open  public  highways  in  boroughs  or  townships  in  order  to 
provide  access  to  crossings  which  may  be  established,  relocated  or  con- 
structed in  accordance  with  the  orders  of  said  commission  and  to  au- 
thorize said  commission  to  abandon  and  vacate  public  highways  which 
may  become  unnecessary.  This  act  was  passed  in  order  to  enable  the 
Commission  to  so  lay  out  streets  and  roads  as  to  make  them  all  converge 
at  one  crossing  instead  of  a  number  of  crossings  in  order  to  prevent  the 
construction  of  many  unnecessary  and  expensive  over  and  under  grade 
crossings. 

A  portion  of  the  other  act  referred  to  is  quoted  below: 

"Whereas,  The  control  of  this  matter  has  been  placed  in  the  hands 
of  the  Public  Service  Commission  of  the  Commonwealth  of  Pennsyl- 
vania with  authority  to  apportion  the  costs,  including  damages  to  adjacent 
property  owners  among  the  public  service  companies,  municipalities  and 
the  Commonwealth,  and 

"Whereas,  No  funds  have  been  specifically 'appropriated  by  the  Com- 
monwealth for  the  purpose  of  the  payment  of  the  cost  of  such  improve- 
ments, including  the  compensation  for  damages  which  the  owners  of 
adjacent  property  may  sustain,  therefore, 

"Section  1.  Be  it  enacted  by  the  Senate  and  House  of  Representatives 
of  the  Commonwealth  of  Pennsylvania  in  General  Assembly  met,  and  it 
is  hereby  enacted  by  the  authority  of  the  same  that  the  sum  of  two  hun- 
dred thousand  dollars  ($200,000),  or  as  much  thereof  as  may  be  neces- 
sary, be,  and  the  same  hereby  is  specifically  appropriated  to  the  Public 
Service  Commission  of  the  Commonwealth   for  the  two   (2)   fiscal  years 
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commencing  on  the  first  day  of  June,  one  thousand  nine  hundred  and 
seventeen,  for  the  purpose  of  the  payment  of  such  proportion  of  the 
costs,  including  the  compensation  for  damages  to  adjacent  property  taken, 
injured  or  destroyed  in  the  construction,  relocation,  alteration  or  aboli- 
tion of  any  crossing  of  the  tracks  of  public  service  companies  over 
(public)  State  highways  in  this  Commonwealth,  which  shall  be  deter- 
mined by  the  Public  Service  Commission  of  the  Commonwealth  of  Penn- 
sylvania to  be  paid  by  the  Commonwealth. 

"Section  2.  The  amounts  payable  hereunder  shall  in  each  instance  be 
paid  by  the  State  Treasurer  on  a  warrant  drawn  by  the  Auditor  General 
upon  the  presentation  to  that  officer  of  a  statement  by  the  chairman  of 
the  Public  Service  Commission  of  the  Commonwealth  of  Pennsylvania, 
setting  forth  the  amount  determined  to  be  paid  as  aforesaid,  which  state- 
ment shall  certify  that  the  amount  mentioned  therein  is  either  the  entire 
amount  assessed  against  the  Commonwealth  or  the  portion  of  said  entire 
amount  due  and  payable  at  the  date  of  said  statement. 

"Section  3.  In  no  case  shall  the  Public  Service  Commission  of  the 
Commonwealth  of  Pennsylvania  authorize  the  payment  out  of  the  amount 
herein  appropriated  of  more  than  twenty-five  per  centum  (25  per  cent.) 
of  the  cost,  including  the  compensation  to  adjacent  property  owners  of 
any  construction,  relocation,  alteration  or  abolition  of  a  crossing." 

The  Acts,  above  referred  to,  having  been  passed  in  1917,  no  data,  is 
available  as  to  the  practice  under  these. 

Prior  to  this  time,  the  matter  was  handled  under  an  Act  of  the 
Assembly  of  the  State  of  Pennsylvania,  approved  June  9,  1874,  which 
authorized  cities  and  towns  of  the  State  to  enter  into  contracts  with 
railroad  companies  with  a  view  of  abolishing  grade  crossings;  and  we 
find  that  the  City  of  Philadelphia  has  an  agreement  with  the  various 
railroad  companies,  under  authority  of  an  ordinance  of  Councils  approved, 
1914,  whereby  crossings  arc  to  be  eliminated,  the  expense  of  Which 
amounts  to  about  twenty-five  millions  of  dollars.  Approximately  50 
per  cent,  of  this  is  to  be  paid  for  by  the  City,  and  the  remainder  by  the 
Railway  Companies. 

Rhode    Island. 

PUBLIC    UTILITIES    COMMISSION. 

Section  48  of  Chapter  215  of  the  Rhode  Island  laws  provides  that 
the  town  council  of  any  town  wherein  a  turnpike  or  highway  crossing 
crossed  by  a  railroad  on  the  level  therewith  is  situated  may  request  the 
corporation  owning  a  railroad  to  raise  or  lower  such  turnpike  or  high- 
way, if  it  is  of  the  opinion  that  it  is  necessary  Eor  the  security  of  the 
public  that  Muli  action  lie  taken,  li  tin-  corporation  neglects  or  refuses 
jo  t.»  do,  the  town  council  may  apply  to  the  railroad  commission,  now 
the  Public  Utilities  Commission,  lor  decision  upon  the  reasonableness 
of  the  request,  and  if  it  is  decided  that  such  lowering  or  raising  of  the 
grade  is  necessary,  tin  corporation  shall  comply  with  the  decision.  Within 
thirty  days  alter  such   decision   either  party  may  petition   the   Supreme 

('milt  for  relief,  and  the  coiiit  has  full  power  t>>  finally  decide  the  ques- 
tion. 

The  eost  and  expense  of  making  the  change  of  grade  -hall  he  borne 

l\\    the    railroad    corporation    and    the    tOWfl    in    such    proportion    as    in  i\    lie 

d<  <  ld(  d    li\    ill.     i  unit. 

If,  after  the  decision  of  the  court,  or  if,  having   taken   no  appeal 
fiiim  the  decision  ..I   the  commission,  the  corporation  unreasonably   neg- 
..i    leinses  to  changi    the  grade,  the  town  council  ma)    proceed  t" 
make  such  change,  and  may  in  an  action  against  the  corporation  n 
all  charges  and  expense  occasioned  bj  making  the  alteration. 
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In  January,  1912,  a  special  act  was  passed  for  the  elimination  of  cer- 
tain grade  crossings  in  Pawtucket  and  Central  Falls  by  a  special  grade 
ng  commission.  When  this  work  is  done  the  expense  will  be 
apportioned,  65  per  cent,  to  the  railroad  corporations  and  \7]/2  per  cent, 
to   each  of  the  cities. 

Certain  grade  crossing  work  has  been  done  in  Providence,  and  on 
this  the  railroad  company  pay  66^  per  cent,  and  the  City  2>Z)/s  per  cent. 
■  <f  the  cost  of  grade  crossing  elimination. 

South    Carolina. 

RAILROAD   COMMISSION    OF    SOUTH    CAROLINA. 

The  following  is  quoted  from  the  Secretary  of  the  above  Com- 
mission : 

"I  beg  to  advise  that  there  is  no  law  in  South  Carolina  governing 
the  apportionment  of  the  cost  of  elimination  of  crossings  of  highways 
and  railroads  at  grade. 

"The  Railroad  Commission  of  South  Carolina  has  endeavored  for 
several  years  past  to  have  such  a  law  enacted,  and  in  their  last  report  to 
the  Legislature,  1916,  under  the  subject  of  the  Elimination  of  Grad-.i 
Crossings,  they  stated: 

"  'We  desire  to  call  your  honorable  body's  attention  to  the  fact  that, 
while  having  authority  over  grade  crossings,  the  Commission  has  no 
power  to  prorate  expenses  when  these  improvements  are  ordered.  This 
want  of  authority  often  causes  delay,  and  is  a  source  of  annoyance  to 
the  railway  companies  against  whom  the  order  is  directed,  to  the  Com- 
mission, and  to  the  interested  public' 

"It  is  the  purpose  of  the  Commission  to  again  call  the  attention  of 
the  Legislature  to  the  importance  of  enacting  such  a  law." 

In  our  further  investigation,  we  have  the  following  communication 
from  P.  A.  Wilcox,  Assistant  General  Counsel  of  the  Atlantic  Coast  Line 
Railroad  Company: 

"I  beg  to  call  your  attention  to  attached  copy  of  letter  from  F.  L. 
Willcox,  Division  Counsel,  under  date  of  the  11th  instant,  in  which  he 
advises  there  is  no  law  in  this  State,  under  which  it  is  probable  to  adjust 
the  division  of  costs  between  the  Railroad  Company  and  the  other  parties 
in  interest.  I  might  add,  in  discussing  the  laws  of  this  State,  that  this 
Company  has  recently  entered  into  an  agreement  with  the  authorities  of 
the  City  of  Florence,  South  Carolina,  for  the  construction  of  an  under- 
pass in  one  of  the  public  streets  of  that  City,  and  the  agreement,  generally 
speaking,  provides  that  the  Railroad  Company  shall  bear  the  cost  of  the 
superstructure,  while  the  City  agrees  to  provide  for  all  necessary  drain- 
age, do  all  necessary  grading,  and  bear  the  cost  and  expense  of  paving 
and  sidewalks.  This  is  the  only  case  I  know  of  in  South  Carolina  of 
separation  of  grade  crossing  between  a  railroad  and  a  highway." 

South    Dakota. 

BOARD   OF   RAILROAD   COMMISSIONERS. 

An  Act  passed  by  Legislature  (Chapter  126)  approved  March  2,  1909, 
empowers  the  Mayors  and  Councils  or  Board  of  Commissioners  to  re- 
quire by  ordinance  Railroad  Companies  to  erect,  construct,  reconstruct, 
complete  and  keep  in  repair  any  viaduct  or  viaducts  upon  or  along  such 
street  or  streets  and  over  or  under  such  track  or  tracks,  including  the 
approaches  of  such  viaduct  or  viaducts  as  may  be  deemed  and  declared 
necessary  for  the  safety  and  protection  of  the  public,  subject  to  the  re- 
versal by  the  Board  of  Railroad  Commissioners.  The  Act  empowers  the 
Mayor  and  Council  or  Board  of  Commissioners  to  apportion  the  expense 
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as  between  two  or  more  Railroads,  but  also  provides  that  the  City  shall 
pay  the  consequential  damages. 

Tennessee. 

TENNESSEE  RAILROAD  COMMISSION. 

The  State  Highway  Engineer  of  the  Department  of  Highways  writes 
as  follows : 

"Replying  to  your  letter  addressed  to  B.  A.  Enloe,  Chairman,  Ten- 
nessee Railway  Commission,  which  has  been  referred  to  me  for  answer, 
will  say  that  we  have  no  laws  in  the  State  of  Tennessee  for  the  elimina- 
tion of  grade  crossings.  The  elimination  of  grade  crossings  is  taken  up 
with  the  common  carriers  by  the  City  Commission,  or  Board  of  Alder- 
men, and  outside  of  cities  with  the  various  road  officials  of  the  county 
in  which  the  crossings  are  located,  and,  as  a  rule,  the  cost  of  the  elimina- 
tion of  these  crossings  is  fixed  by  agreement  between  the  parties.  There 
is  no  law  in  the  State  of  Tennessee,  as  far  as  I  am  advised,  bearing 
upon  the  subject." 

The  apportionment  of  the  expense  of  grade  elimination  in  various 
cities  in  this  State  has  been  as  follows : 

Memphis :  In  elimination  of  four  crossings,  Railway  69  per  cent., 
City  24  per  cent.,  Street  Railway  7  per  cent. 

Chattanooga :  In  elimination  of  McCallie  Avenue,  Railways  50  per 
cent.,  County  25  per  cent.,  Street  Railway  25  per  cent. 

Viaduct  rebuilt  and  cost  distributed  approximately,  viz.:  Railways 
70  per  cent.,  City  20  per  cent,  and  Street  Railway  10  per  cent. 

Nashville:  Street  Railway  25  per  cent,  of  the  entire  cost  in  several 
instances. 

Knoxville :  Park  Avenue  Viaduct,  City  20  per  cent.,  Mayor  and 
Council  20  per  cent.,  Knoxville  Light  &  Power  Co.  29  per  cent,  and 
Southern  Railway  31  per  cent. 

Asylum  Avenue  Viaduct,  L.  &  N.  R.  R.  6  per  cent.,  Southern  Rail- 
way 12  per  cent.,  City  of  Knoxville  82  per  cent. 

Oak  Street  Viaduct,  Railroad  Company  did  grading  on  R.  of  \V., 
City  constructed  at  their  expense  and  maintained  viaduct. 

Gay  Street  Viaduct,  E.  T.  &  V.  G.  R.  R.  31  per  cent.,  City  Street 
Railway  6  per  cent.,  City  63  per  cent. 

Texas. 

RAILROAD  COMMISSION. 

There  is  no  general  law  governing  the  elimination  of  grade  cross- 
ings, a  bill  introduced  in  the  last  Legislature  having  failed  to  pass. 

Some  work  has  been  done  in  the  State  under  agreements  resulting 
from  actions  by  cities  to  require  separation  of  grades  of  tracks  and 
streets.  Information  from  cities  indicate  that  the  State  docs  not  bear 
any  expense  of  this  work  and  that  counties  do  not  share  in  cost  of 
work  within  the  limits  of  a  municipality. 

City   Engineer   of   Dallas   advises   that   a   tentative   agreement   now 
exists    between    the    City    and    one    of    the    more    important     rail: 
under  which  it  is  proposed  to  elevate  the  tracks  of  the  carrier  through 
the  City  and  provide  under  crossings  Of  all  streets      This  agreement   pro 

vides  that  the  entire  expense  tot  the  work  shall  be  bonrt  by  the  Rail- 
road Company  with  the  exception  of  abuttal  damages  ittcurrtd  OH  account 
of  changing  the  grade  of  the  stn •> 

Utah. 

Utah  appears  to  have  no  special  provision  of  law  as  to  railroad  and 
highway  crossings  other  than  a  statute  that  no  railroad  -dull  use  any 
road,  street,  alley  or  highway  within  any  city,  county  or  town  except  with 
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the  consent  of  the  authorities  of  such  city,  county  or  town  as  provided 
by  law;  provided  that  this  section  shall  not  be  construed  to  prevent  rail- 
roads from  crossing  at  right  angles,  or  as  nearly  as  may  be,  any  street, 
alley,  or  highway  across  which  its  located  line  may  pass. 

City  Engineer  of  Salt  Lake  City  advises  that  the  Carriers  bear  all 
expense  for  grade  elimination,  except  consequential  damages,  which  is 
decided  by  the  Court,  also  the  cost  of  changing  sewers,  drains,  wires, 
etc.,  which  expense  is  borne  by  city  and  public  utility  corporations. 

Vermont. 

PUBLIC    SERVICE   COMMISSION. 

The  Commission  has  power  to  order  elimination  or  separation  of 
grade  crossings,  the  apportionment  of  expense  being  fixed  by  lav  as 
follows  : 

Where  there  is  an   existing  crossing: 

Railroads 05  per  cent. 

State    25  per  cent. 

Municipality    10  per  cent. 

Where  new  highway  crosses  over  existing  tracks: 

Railroads   60  per  cent. 

State    25  per  cent. 

Municipality    15  per  cent. 

Railroads  are  required  to  eliminate  one  crossing  for  each  80  miles, 
or  fraction  greater  than  40  miles,  during  each  year,  the  order  of  elimina- 
tion to  be  determined  by  the  Railroad  Commission.  In  case  of  failure  to 
so  eliminate  crossing  at  the  rate  of  one  each  year,  the  number  not  so 
eliminated  shall  be  added  to  next  year's  allotment.  The  expenditure  by 
the  State  for  their  cost  is  limited  to  $25,000.00  per  annum. 

Virginia. 

STATE    CORPORATION    COMMISSION. 

The  following  is  quoted  from  the  Chairman  of  the  above  Com- 
mission : 

"I  can  find  no  construction  of  our  statute  with  reference  to  grade 
crossings  involving  the  point  upon  which  your  inquiry  is  made.  So  far 
as  this  Commission  is  concerned  it  has  always  taken  the  position  that  it 
will  order  work  to  be  done,  but  that  the  apportionment  of  expense  in 
connection  therewith  must  be  determined  elsewhere." 

Washington. 

PUBLIC    SERVICE   COMMISSION. 

Municipalities  have  jurisdiction  and  power  to  order  separation  or 
elimination  of  grade  crossings  within  corporate  limits  and  Public  Service 
Commission  has  same  power  outside  corporate  limits.  Neither  body  ha* 
power  by  law  to  apportion  expense  unless  confirmed  by  Supreme  Court. 

The  practice  varies  from  50  per  cent,  to  Railroads  and  50  per  cent, 
to  Municipalities  to  100  per  cent,  of  expense  to  Railroads  with  exception 
of  consequential  damages,  which  has  been  borne  by  Municipalities. 

West    Virginia. 

There  appears  to  be  no  general  statutes  regulating  the  apportionment 
of  the  cost  of  elimination  of  grade  crossings  between  highways  and 
railroads. 
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Wisconsin. 

RAILROAD    COMMISSION    OF    WISCONSIN. 

The  Railroad  Commission  of  Wisconsin  has  authority,  whenever  a 
petition  is  lodged  with  it  by  the  common  council  of  any  city,  the  village 
board  of  any  village,  the  town  board  of  any  town  within  which  the  cross- 
ing is  located,  or  whenever  it  is  so  lodged  by  any  railroad  company,  after 
notice  and  hearing,  to  reach  a  determination  as  to  alterations  of  such 
grade  crossings,  or  substitution  of  another  crossing  at  grade,  etc.,  and 
the  commission  has  the  authority  to  fix  the  proportion  of  the  cost  and 
expense  of  such  alterations  or  removals  to  be  paid  by  the  railroad  com- 
panies. 

Another  provision  authorizes  the  commission  to  take  the  initiative 
when  in  its  opinion  public  safety  requires  an  alteration  of  any  street  or 
crossing  at  grade  by  any  railroad. 

The  secretary  writes : 

"In  regard  to  the  Wisconsin  practice  as  to  the  distribution  of  the 
cost  of  grade  separation ;  the  cost  of  grade  separation  is  not  shared  by 
the  State,  except  that  the  State  bears  the  cost  of  investigation,  plans  and 
reports.  The  cost  is  assessed  to  the  railroad  companies  and  the  munici- 
pality, town  or  village.  The  proportion  assessable  to  each  of  the  parties 
in  interest  is  not  fixed  by  law.  It  has  been  the  practice  of  the  Railroad 
Commission  of  Wisconsin  to  assess  a  certain  percentage  of  the  total  cost 
of  grade  separation  to  each  of  the  parties  in  interest.  This  percentage 
has  been  varied  to  conform  with  changes  in  conditions  found  to  exist  in 
different  cases.  Again,  the  Commission  has  apportioned  the  cost  of 
grade  separation  by  outlining  the  work  to  be  performed  by  each  of  the 
parties  in  interest.  Street  and  electric  railways  having  locations  upon 
highway  crossings  which  arc  eliminated  are  required  to  bear  part  of  the 
cost  of  grade  separation." 

Wyoming. 

l'Ur.UC    SERVICE   COMMISSION. 

There  is  no  law  covering  the  elimination  of  grade  crossings  and 
no  data  is  available  as  to  any  grade  crossing  elimination  work  having 
been  done. 

District  of  Columbia. 

Grade  crossing  elimination  work  in  the  District  of  Columbia  is  gov- 
erned by  Special  Acts  of  Congress.  The  law  covering  future  work  pro- 
vides that  no  new  streets  shall  be  carried  across  steam  railroad  tracks 
at  grade,  and  in  case  a  street  is  opened  across  the  right  of  way,  th> 
of  the  part  of  the  viaduct  or  subway  within  the  railroad  right-of-way 
lines  shall  be  borne  equally  by  the  railroad  and  the  Municipality;  the  cost 
outside  of  the  right  of  way  to  be  borne  by  the  Municipality. 

In   the  |past   the   railroads  have  paid    for  tin-  work  within   the   ri,s;ht-of- 
way  lines  and  the   Municipality  has  paid    for  the  part  without  those  lines, 
except  that  the  cost  of  changing  street  railway  facilities,  u.t^  pipes,  elec 
trie  wires,  etc.,  belonging  to  public  service  corporation,  has  been  borne 
l.\   tin    mw  n<  1 3  thereof. 


Appendix   F. 

(7-a)     END  OR  STRAIN  POSTS. 
T.  E.  Rust,  Chairman,   Sub-Committee. 

It  does  not  appear  that  special  devices,  which  have  been  introduced 
by  the  manufacturers  of  steel  posts  to  avoid  the  expense  attendant  upon 
the  use  of  concrete  with  strain  and  corner  posts,  have  been  adopted  by 
railroad  companies  to  any  extent.  But  one  correspondent  reports  the  use 
of  such  devices  with  tubular  posts  and,  as  these  were  only  installed  in 
1917,  their  effectiveness  has  not  been  determined.  The  cojt  of  the  8  ft.  6 
in.  No.  9  gage  post  in  this  instance  is  given  at  $2.80  and  the  cost  of 
setting  at  40  cents.  Two  of  these  devices'  are  shown  on  Plate  I.  With 
that  marked  "A,"  a  hole  is  dug  for  the  strain  post  large  enough  to  admit 
the  anchor  plate.  After  backfilling  the  hole  the  face  plate  is  driven. 
The  brace  plate  is  driven  after  attachment  to  the  brace  rod.  It  is  neces- 
sary to  dig  a  trench  to  receive  the  lower  end  of  the  brace  rod.  The  post 
shown  at  "B"  is  driven  into  the  ground  as  indicated,  the  post  is  split  at 
the  bottom  and  is  spread  out  as  it  nears  its  final  position.  This  is  accom- 
plished by  first  driving  to  proper  depth  a  rod  having  a  wedge-shaped  en- 
largement at  the  lower  end  greater  in  diameter  than  the  interior  of  the 
post.  This  arrangement  does  not  work  very  well  in  soft  ground  because 
the  spreader  will  be  forced  down  with  the  post. 

Some  information  has  been  received  from  the  manufacturers  concern- 
ing a  steel  line  post  of  U  section.  These  posts  are  about  two  inches 
square.  Rectangular  steel  pegs  about  18  in.  long  are  driven  through 
slots  in  clips  bolted  on  to  the  posts  just  below  the  ground  surface  to 
hold  the  fence  in  line.  Strain  and  corner  posts  are  tubular,  2^  in.  or  3 
in.  in  diameter.  A  horizontal  tubular  strut  is  placed  between  the  strain 
post  and  the  adjacent  line  post  at  about  two-thirds  the  height  of  the  fence 
and  a  tie  wire  or  rod  leads  from  the  line  post  end  of  this  strut  to  the 
strain  post  at  the  ground  line.  The  manufacturers  report  considerable 
use  of  this  fence  about  industrial  plants  and  two  railroad  companies  are 
also  reported  to  be  users.     This  post  is  shown  at  "C,"  Plate  I. 

Another  form  of  anchor  post  is  shown  on  Plate  I  as  "D."  This  post 
consists  of  two  standard  line  posts  placed  back  to  back,  and  either  bolted 
or  riveted  together,  and  braced  by  a  standard  line  post  attached  to  the 
anchor  post  as  shown  by  the  illustration.  This  style  of  post  has  been 
used  considerably  for  fences  subjected  to  the  lighter  service,  and  has  also 
been  used  to  some  extent  in  railroad  right-of-way  fences. 

Some  companies  have  continued  the  use  of  wood  strain  and  corner 
posts  with  steel  line  posts.  This  has  the  advantage  of  cheaper  first  cost, 
but  its  final  economy  depends,  of  course,  on  the  relative  length  of  life 
of  the  wood  post,  the  steel  line  post  and  the  wire. 

The  ordinary  method  of  setting  steel  strain  and  corner  posts  in  con- 
crete is  well  illustrated  on  Plate  II,  which  shows  the  standard  fence  of 
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the  Elgin,  Joliet  &  Eastern.  There  is  considerable  variation  in  the 
amount  of  concrete  used  by  different  companies.  Blocks  8  in.  square  by 
36  in.  deep  are  reported  by  one  company,  while  another  uses  a  block  20 
in.  square  and  42  in.  deep.  A  fair  average  for  such  blocks  is  18  by  18 
by  30  in.    Brace  rod  blocks  have  about  one-half  the  above  volume. 

Angular  strain  posts  arc  provided  with  a  cross  angle,  similar  to  a 
cleat,  attached  at  the  bottom  by  means  of  a  triangular  plate.  Brace 
angles,  which  are  attached  to  the  post  by  means  of  a  bolt  or  rivet,  are 
similarly  enlarged  at  the  bottom.  Sufficient  information  to  form  an 
opinion  as  to  the  effectiveness  of  this  arrangement  has  not  been  received. 
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TABLES  A,  B,  C. 

CONCRETE  FENCE  POSTS. 


TABLE      A 

Concrete  Fence  Posts -Type  A' 
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TABLE     B 

Concrete  Fence  Posts-Type  "B" 
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Appendix  G. 

(7-c)     CONCRETE  FENCE  POSTS. 
T.   E.    Rust,   Chairman,   Sub-Comimttee. 

The  gradual  decrease  in  the  supply  of  timber  and  the  consequent  in- 
crease in  its  cost  have  naturally  turned  the  attention  of  Engineers  to 
the  question  of  obtaining  a  longer  life  by  preservative  treatments  or  of 
substituting,  wherever  practicable,  some  other  material  for  wood.  Among 
the  various  things  for  which  wood  is  extensively  used  by  railroads,  and 
for  which  it  would  seem  that  some  substitute  could  be  used  to  advantage, 
are  fence  posts.  While  the  Committee  docs  not  have  any  definite  data 
as  to  the  annual  expenditure  of  the  railroads  for  fence  posts,  it  is 
probable  that  it  is  considerably  over  $1,000,000.  There  are  more  than 
250,000  miles  of  railroad  lines  in  the  United  States  and,  while  this  Com- 
mittee does  not  know  just  what  percentage  of  this  mileage  is  fenced,  it  is 
quite  certain  that  there  are  at  least  seventy-five  or  one  hundred  million 
posts  in  use,  costing  on  the  average  15  cents  or  more  each.  This  annual 
expenditure  of  over  $1,000,000  will  increase  from  year  to  year,  and  since 
the  cost  of  wood  posts  will  probably  increase  faster  than  the  cost  of 
substitutes,  it  would  seem  that  this  Association  should  continue  a  sys- 
tematic study  of  the  cost  of  and  results  obtained  from  these  substitutes. 

Concrete  was  first  used  experimentally  in  the  construction  of 
railroad  fence  posts  some  twelve  or  fourteen  years  ago,  when  concrete 
was  hailed  as  the  coming  material  for  many  kinds  of  work.  In  designing 
a  concrete  bridge,  building,  or  other  structure  subject  to  stress,  Engineers 
calculate  to  the  best  of  their  ability  the  magnitude  of  these  stresses  and 
design  the  structure  accordingly;  but  when  the  attempt  was  made  to  use 
concrete  fence  posts,  Engineers,  to  a  great  extent,  seem  to  have  trusted 
to  the  designs  gotten  up  by  those  manufacturing  fence  post  molds.  Only 
a  few  tests  have  been  made  of  the  strength  of  various  types  of  concrete 
posts  and  little  study  of  the  probable  stresses  to  which  posts  are  likely  to 
be  subjected. 

Apparently  the  Pennsylvania  Railroad  began  experimenting  with  con- 
crete fence  posts  about  five  years  before  any  of  the  other  roads,  the  first 
posts  being  set  by  them  in  1904.  Such  good  results  were  obtained  with 
these  first  posts  (see  Table  "A")  that  in  1909  they  began  to  experiment 
on  a  larger  scale.  Since  1909  the  use  of  concrete  posts  by  railroads  has 
gradually  increased  until  at  the  present  time  there  are  about  800,000  in 
service.  In  a  general  way,  it  may  be  said  that  these  posts  are  giving 
good  satisfaction,  although  for  various  reasons  that  will  be  discussed 
later,  a  great  many  failures  have  occurred  and  several  roads  that  have 
experimented  quite  extensively  have  abandoned  using  concrete  posts 
until  a  more  satisfactory  design  has  been  gotten  out  or  brought  to  their 
attention.  The  diagram  on  the  following  page  shows  the  increased  use  of 
concrete  posts  from  1905  to  date. 
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In  addition  to  the  fence  posts  shown  on  this  diagram,  there  are 
doubtless  several  thousand  in  use  on  railroads  from  which  this  Com- 
mittee has  been  unable  to  obtain  a  report.  This  diagram  plainly  shows 
that  some  railroads  are  finding  concrete  fence  posts  satisfactory  and 
economical,  and  that  the  type  "C"  circular  post  is  far  more  popular  than 
either  the  type  "A"  square  post  recommended  to  this  Committee  in  1915, 
or  the  U-shaped,  type  "B"  post. 
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III  sending  out  its  inquiries  this  year  the  Committee  aimed  to  obtain 
information  regarding  the  following  points: 

1.  The  number  of  concrete  line  posts  now  in  use  and  the  type  of 
same. 

2.  The  specifications  used  by  the  different  roads  for  line  posts 

3.  The  average  cost  and  life  of  line  posts. 

4.  The  method  used  for  attaching  the  fence  wires 

5.  The   si/e,    type    and    COSl    of    Strain    posts. 

6.  The  methods  of  bracing  stum  posts 

7.  The  preference  oi    the  differenl    roads  as  to  concrete,   metal  or 
wood  posts 
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In  response  to  these  inquiries  the  Committee  received  considerable 
data  from  eighteen  roads  using  concrete  posts.  Sixty-six  other  roads 
reported  that  they  had  not  tried  concrete  posts  or  have  tried  so  few  that 
ihcv  can  give  no  information  of  value.  In  addition  to  these  eighteen 
roads  the  Committee  knows  of  several  others  that  have  experimented 
with  concrete  posts  more  or  less  extensively,  but  from  whom  it  has 
not  been  able  to  obtain  any  report.  Of  the  eighteen  roads  that  have 
tried  concrete  posts,  ten  favor  the  use  of  concrete  posts,  one  favors 
steel,  three-  favor  wood  and  four  are  undecided.  Of  the  sixty-six  roads 
that  are  not  using  concrete  posts,  three  favor  the  use  of  concrete  posts, 
one  favors  steel,  and  eight  favor  wood.  The  other  fifty-four  roads  did 
not  express  a  preference.  Thus,  of  the  twenty-five  roads  that  did  ex- 
press a  preference  about  50  per  cent,  favor  concrete  posts,  10  per  cent, 
favor  steel,  and  40  per  cent,   favor  wood. 

\-  a  matter  of  convenience,  the  Committee  this  year  divided  con- 
crete fence  posts  into  five  types  that  were  thought  to  include  all  the  posts 
now  in  use  by  the  different  roads.  These  types  are  shown  on  the  accom- 
panying 'sketches. 

The  data  regarding  concrete  line  posts  is  shown  in  Tables  A,  B  and 
C;  these  tables  giving  the  information  obtained  about  types  A,  B  and  C 
line  posts,  respectively.  No  road  reported  the  use  of  type  "D"  posts, 
although  a  few  of  these  triangular  posts  are  thought  to  be  in  service. 
( )nly  one  road  reported  the  use  of  type  "E"'  posts,  and  as  they  were 
installed  in  1917,  and  as  the  number  in  use  is  unknown,  it  was  not 
thought  necessary  to  tabulate  the  information. 

Table  A  shows  that  with  two  exceptions,  none  of  the  square  posts 
in  use  are  as  large  in  cross-section  as  was  recommended  by  this  Com- 
mittee in  1915  and  most  of  them  are  much  smaller.  The  costs  at  the 
plant  ranged  from  15^4  cents  to  $1.00,  with  an  average  of  about  25  cents. 
\ -Miming  an  average  cost  of  20  cents  each  to  transport  and  install,  the 
average  cost  in  place  would  be  about  45  cents,  and  the  annual  cost  of 
the  posts  having  an  average  life  of  fifty  years  or  more  would  be  about 
2l/2  cents.  As  a  post  having  a  square  cross-section  would  seem  to  be 
the  most  economical  to  resist  the  stresses  to  which  a  post  is  subjected, 
it  is  remarkable  that  less  than  6  per  cent,  of  all  the  concrete  posts  in 
u-e  by  railroads  are  of  this  shape. 

The  results  obtained  with  the  U-shaped,  type  "B"  post,  as  shown  in 
Table  B,  are  so  diverse  that  it  is  difficult  to  form  any  conclusions  from 
the  data  received.  Although  there  is  a  fair  uniformity  as  to  size,  rein- 
forcing and  mixture,  the  probable  average  life  and  annual  cost  of  the 
posts  made  by  the  different  roads  seems  to  be  widely  different.  Ap- 
parently, also,  the  users  of  this  type  of  post  have  not  kept  as  close  track 
of  the  number  of  post  failures  as  have  the  roads  using  other  types.  It 
is  probable  that  the  average  first  cost  and  annual  cost  of  these  posts  is 
not  much  different  than  those  of  type  "A."  The  molds  in  which  they 
are   made   and    patented    and    the   company   holding   the   patents   has   con- 
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ducted  quite  a  vigorous  advertising  campaign,  in  spite  of  which  only 
about  15  per  cent,  of  the  posts  reported  in  use  by  railroads  are  of  this 
type. 

The  Committee  was  considerably  surprised  at  the  large  number  of 
type  "C"  posts  in  use.  Nearly  700,000  of  these  posts  arc  now  in  service, 
as  shown  in  Table  C,  and  the  large  number  that  are  being  made  yearly 
by  the  same  roads  demonstrates  that  they  are  being  found  satisfactory 
and  economical.  The  average  cost  of  these  posts  is  about  25  cents,  the 
same  as  for  those  of  type  "A,"  and  the  average  annual  cost  seems  to  be 
about  the  same.  The  prominent  fact  that  stands  out  in  this  table  is  the 
uniformly  good  results  that  have  been  obtained  as  against  the  variable 
results  with  posts  of  all  other  types.  This  is  the  more  remarkable  in 
that  a  post  of  circular  section  would  not  seem  to  be  well  suited  to  re- 
sist the  stresses  set  up  in  a  fence  post  as  either  the  square  or  U-shaped 
post. 

It  appears  to  this  Committee  that  in  comparing  the  merits  of  the 
different  types  of  concrete  line  posts,  three  things  should  be  considered — 
strength,  resistance  to  deterioration  and  first  cost — these  items  being  of 
importance  only  as  they  affect  the  matter  of  annual  cost.  Tables  A,  B 
and  C  bring  out  two  things;  first,  that  concrete  posts  of  any  of  these 
three  types  can,  by  using  proper  care  in  their  manufacture,  be  made 
strong  enough  to  obtain  an  average  life  of  fifty  years  or  more;  and 
second,  that  there  is  not  a  great  deal  of  difference  in  the  first  cost  of 
posts  of  these  different  shapes.  Assuming,  then,  that  these  three  types 
do  not  differ  materially  in  their  resistance  to  deterioration,  it  would  seem 
that  the  best  post  would  be  the  one  which,  for  a  given  strength,  was  the 
lowest  in  the  first  cost.  Inasmuch  as  the  posts  shown  on  Tables  A,  B 
and  C  were  made  under  widely  different  conditions,  it  would  not  be 
proper  to  use  the  costs  therein  shown  as  an  index  of  the  actual  relative 
cost  of  posts  of  these  three  types.  It  is  thought  that  the  best  way  to 
make  such  a  comparison  is  to  determine  from  the  available  data  the 
minimum  strength  that  a  concrete  line  post -should  possess  and  then  see 
which  style  of  post,  having  that  strength,  can  be  the  most  cheaply  made. 

It  is,  of  course,  very  difficult  to  determine  how  strong  it  is  eco- 
nomically profitable  to  make  a  concrete  post,  for  one  reason  because  the 
forces  that  it  will  have  to  resist  arc  difficult  to  determine,  and  for  an 

other  because   local   Conditions   of   cKmate   and   soil   may  make  a   difference 

iii  the  strength  that  will  lie  required.  For  instance,  it  is  quite  probable 
that  posts  for  use  in  the  South,  where  tin-  ground  never  freezes,  need 
not  be  as  strong  as  those  to  be  used  in  the  colder  climates.     Fortunatelj 

for   purposes   of   comparison,    it    is   not    neceSSar)    to   make    this   detennina 

tion  with  any  great  degree  of  accuracy. 

If   the    forces    ih.it    act    on    a    post    could    be    determined    with    any    pre 
dsion,    they    would    furnish    the    besl    euide    as    to    the    minimum    allowable 

trength     Since  thej  cannot,  tin-  next  best  guide  is  the  strength  ol 
that  have  been  successful!)  used  for  a  period  of  years     Most  posts  break 
at  the  ground  line,  usually  when  the  ground  is  frozen  s,,  thai  thej   an 
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held  rigidly  and  act  as  cantilever  beams  in  resisting  whatever  stresses 
may  be  set  up  by  stock  leaning  against  or  striking  them,  by  the  malicious 
or  careless  mistreatment  of  trespassers,  by  the  failure  of  adjacent  strain 
posts,  or  by  other  causes.  For  many  years  wooden  posts  averaging  5  in. 
in  diameter,  or  less,  at  the  ground  line  have  proven  amply  strong  even 
after  being  in  service  through  such  a  period  of  years  that  their  original 
strength  was  very  much  reduced.  Considered  as  a  cantilever  beam  a  red 
cedar  post  when  new  would  break  under  a  force  of  735  lbs.  acting  at 
right  angles  to  its  axis  and  applied  60  in.  from  the  ground  line,  using 
4,800  lbs.  per  square  inch  as  the  ultimate  strength  of  the  wood.  It  seems 
reasonable  to  suppose  that  after  six  or  eight  years  of  service  this  strength 
would  be  reduced  so  that  a  load  of  half  that  amount  so  applied  would 
cause  failure. 

Referring  to  Table  "A,"  it  will  be  noticed  that  the  only  square  posts 
shown  that  have  been  in  service  four  years  or  more  are  those  made  by 
the  Missouri  Pacific  in  1912,  by  the  Pennsylvania  in  1904,  by  the  Union 
Pacific  in  1909,  and  by  the  Waterloo,  Cedar  Falls  &  Northern  in  1913. 
It  is  impracticable  to  calculate  the  strength  of  the  posts  made  by  the 
Missouri  Pacific  and  the  Union  Pacific  have,  apparently,  kept  no  record 
of  failures,  so  that  these  posts  have  not  been  considered.  The  size  of 
the  reinforcing  in  the  posts  made  by  the  Pennsylvania  is  not  known,  so 
that  their  strength  cannot  be  calculated.  Assuming  a  yield  point  in  the 
steel  of  70,000  lbs.  per  square  inch,  the  post  made  for  the  Waterloo, 
Cedar  Falls  &  Northern  Railway  in  1913  would  break  under  a  load  of 
about  200  lbs.  applied  60  in.  above  the  ground  line.  The  post  of  this  type, 
as  recommended  by  this  Committee  in  1914,  namely,  Sy2  in.  by  Sx/2  in. 
at  the  base  by  4  in.  by  4  in.  at  the  top  would,  if  reinforced  with  four 
iVinch  round  bars,  break  under  a  load  of  about  260  lbs.,  if  the  yield 
point  of  the  steel  were  70,000  lbs.  per  square  inch  as  above. 

Referring  to  Table  "B,"  it  will  be  noticed  that  the  only  posts  there 
shown  that  indicate  an  average  life  of  fifty  years  are  those  made  by  the 
Michigan  Central  in  1910.  The  other  posts  cither  show  a  comparatively 
short  life  or  have  not  been  in  service  long  enough  so  that  any  gsess  as 
to  their  life  can  be  hazarded.  Assuming  as  before,  a  yield  point  in  the 
steel  of  70,000  lbs.  per  square  inch,  these  posts  would  break  under  a 
load  of  about  227  lbs.  applied  60  in.  above  the  ground  line. 

As  regards  the  circular  posts  shown  in  Table  "C,"  they  would  with- 
stand a  force  applied  as  noted  above  of  from  about  160  lbs.  for  the 
smaller  posts  to  235  lbs.  for  the  larger  ones. 

Considering  the  good  results  that  have  been  obtained  with  posts 
that  would  break  under  loads  of  from  200  to  235  lbs.  applied  60  in.  from 
the  ground  line,  it  seems  reasonable  to  conclude  that  such  posts  are 
amply  strong  and  that  the  failures  of  posts  that  would  have  such  a 
theoretical  strength  are  due  to  some  fault  of  manufacture.  Using  posts 
having  the  strength  to  resist  a   force  of  200  lbs.,  the  different  types  of 
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posts    shown    on   Tables    A,    B    and    C   might   be    roughly    compared    as 
follows : 


Type  of 
Post 

Size 

Weight  in  Pounds 

Cost  of  Steel  and  Cement 

Top 

Bottom 

Concrete 

Steel 

Steel  at 
4c  Pound 

Cement  at 
$1.50  Barrel 

A 
B 
C 

3"x33" 

3"x  3' 

3' 

4"x4" 
5*x6' 

5.8' 

75  lbs. 
75  lbs. 
100  lbs. 

0.105 
0.116 
0.148 

0.060 
0.060 
0.080 

The  type  "A"  post  is  considered  as  being  reinforced  with  four  -rs- 
inch  round  rods ;  the  type  "B"  post  with  four  strips  of  No.  18  gage  hoop 
steel  5^-inch  wide;  the  type  "C"  post  with  six  round  rods  11-64-inch  in 
diameter.  This  latter  post  is,  of  course,  a  purely  theoretical  one  since 
rods  of  this  diameter  and  molds  of  the  size  given  are  not  used.  As 
regards  the  types  A  and  B  posts  there  is,  of  course,  little  if  any  choice 
as  to  cost,  the  two  shapes  being  so  nearly  identical  that  one  is  about  as 
efficient  as  the  other.  The  apparent  difference  of  one  cent  in  cost  of 
reinforcing  is  really  due  to  the  fact  that  this  post  is  a  little  stronger 
than  the  square  post.  As  to  the  type  "C"  post,  since  the  round  beam 
is  less  efficient  than  the  square  one,  the  difference  in  size  and  reinforcing 
required  is  not  to  be  wondered  at.  In  case  it  is  assumed  that  the  labor 
cost  of  making  these  different  posts  is  the  same,  this  difference  of  about 
five  cents  in  first  cost  would  mean  an  increase  of  about  three-tenths  of 
a  cent  in  the  annual  cost.  Round  posts  are  easier  to  handle  and  placed 
than  square  ones,  offer  better  protection  to  the  reinforcing  than  posts 
of  any  other  shape,  so  that  their  resistance  to  deterioration  should  be 
greater,  and,  in  view  of  the  uniformly  good  results  obtained  and  the 
large  number  in  use,  this  Committee  would  hesitate  to  say  that  this  in- 
crease of  10  or  12  per  cent,  in  the  annual  cost  is  not  justified. 

Nothing  has  been  said  of  the  type  "D"  or  "E"  posts.  As  to  the 
former,  the  Committee  feels  that  their  triangular  shape  is  not  the  proper 
one  for  efficiency  or  resistance  to  deterioration.  As  to  the  T-shaped 
posts,  while  they  would  appear  to  be  the  most  efficient  in  resisting  those 
forces  that  would  tend  to  throw  the  fence  side  of  the  post  into  tension, 
tiny  arc  comparatively  weak  in  resisting  forces  acting  in  some  other 
direction,  as  is  indicated  by  the  tests  made  by  this  Committee  in  1914i 
It  also  geems  thai  tin-  concrete  in  the  narrow  ribs  encasing  the  Steel 
WOllld  he  easily  cracked  or  chipped  off,  exposing  the  Steel   ami  thus  cans 

ing  the  failure  of  the  post  in  burning  oil  the  right-of-way  it  would 
appear  that  the  narrow  rihs  would  be  likely  t"  spawl  ott   Erom  the  heat, 

and   in   this    respect   it    should   he   noted  that    the   round   post   has   a   decided 

BUperioritj  over  all  other  types;  It'  carefully  made,  using  the  best  aggre- 
gates, this  type  "K"  post  may  prove  satisfactory,  hut  the  Committee  bafl 
no  data  regarding  these  posts  that  will  enable  them  t<>  form  any  definite 

conclusion 
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This  Committee  is  led  to  the  conclusion,  as  above  stated,  that  con- 
crete line  posts  having  a  strength  sufficient  to  resist  a  force  of  200  lbs. 
acting  along  or  at  right  angles  to  the  fence  line  and  applied  60  in.  above 
the  ground  line,  the  post  acting  as  a  cantilever  beam,  are  strong  enough 
to  give  good  results.  Most  of  the  posts  shown  on  Tables  A,  B  and  C  should, 
if  properly  made,  be  nearly,  if  not  quite  as  strong,  so  that  the  numerous 
failures  are  probably  due  to  one  of  the  following  reasons: 

1.  Displacement  of  reinforcing  steel. 

2.  Improper  aggregates. 

3.  Insufficient  cement. 

4.  Lack  of  thorough  mixing. 

5.  Too  much  or  too  little  water  used  in  mixing. 

The  first  cause  of  failure  refers  to  the  reinforcing;  the  other  four 
to  the  concrete.  Too  much  stress  can  hardly  be  laid  on  the  use  of  an 
adequate  amount  of  steel  properly  placed.  In  1914,  under  the  direction 
of  this  Committee,  seventy-eight  concrete  line  posts  of  different  types 
were  tested  to  destruction  at  the  Lewis  Institute,  Chicago.  In  spite  of 
the  fact  that  the  concrete  used  in  the  posts  varied  in  its  crushing  strength 
from  1,530  to  3,250  lbs.  per  square  inch,  every  post  failed  in  tension. 
It  is  probable  that  some  of  the  failures  were  indirectly  due  to  poor 
concrete  allowing  the  steel  to  slip,  but  by  far  the  greater  number  were 
due  to  the  failure  of  the  steel  itself.  Among  the  other  things  that  were 
brought  out  by  these  tests  was  that  stranded  or  crimped  reinforcing 
should  not  be  used,  but  that  the  steel,  whether  smooth  or  deformed, 
should  be  in  the  form  of  a  straight,  stiff  bar.  Referring  to  the  com- 
paratively poor  performance  of  type  "A"  and  "B"  posts,  this  Committee- 
is  of  the  opinion  that  most  of  the  failures  were  due  to  misplacement  of 
the  reinforcing  steel.  It  is  thought  that  no  uniformly  good  results  will 
be  obtained  unless  some  device  is  used  to  secure  the  reinforcing  rigidly 
in  its  proper  place  in  the  post.  The  Committee  also  believes  that  square 
or  round  rods,  moderately  deformed,  are  preferable  to  strap  iron,  since 
(he  former  permit  the  concentration  of  the  steel  further  from  the  neutral 
axis  and  since  the  latter  tend  to  set  up  lines  of  cleavage  in  the  concrete. 
Before  passing  this  subject  of  reinforcing  attention  is  called  to  the  fact 
that  in  most  posts  now  in  use  the  amount  of  steel  is  insufficient  to  de- 
velop any  considerable  compressive  stress  in  the  concrete.  By  way  of 
showing  the  increase  of  strength  obtainable  through  increasing  the  size 
of  the  reinforcing,  consider  two  concrete  posts  each  5  in.  square  at  the 
ground  line  and  acting  as  cantilever  beams  with  the  forces  applied  60 
in.  therefrom,  the  first  post  being  reinforced  with  four  tVinch  round 
rods  and  the  second  with  four  ^4 -inch  round  rods.  Assuming  a  yield 
point  of  70,000  lbs.  per  square  inch,  the  first  post  would  break  under  a 
load  of  about  260  lbs.,  and  the  second  under  a  load  of  about  480  lbs. 
The  increased  weight  of  the  steel  in  a  7-ft.  post  would  be  about  2  lbs., 
and  the  increased  cost  about  eight  cents.  If  the  first  post  cost  thirty 
cents  the  second  would  cost  thirty-eight  cents,  so  that  for  a  27  per  cent. 
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increase  in  cost  there  would  be  an  83  per  cent,  increase  in  strength. 
On  the  other  hand,  practically  doubling  the  section  area  and  weight  of 
the  post  without  increasing  the  size  of  reinforcing  would  add  less  than 
50  per  cent,  to  its  strength  and  would  add  eight  cents  or  more  to  the 
cost  of  cement  alone,  to  say  nothing  of  the  cost  of  labor  handling  and 
setting. 

As  to  the  quality  of  the  concrete  used,  it  need  only  be  good  enough 
to  protect  the  steel  and  develop  its  full  strength.  It  would  be  a  very 
simple  matter  to  make  concrete  of  this  quality  were  it  not  that  the  steel 
is  necessarily  so  close  to  the  surface  that  a  dense  concrete  is  needed  for 
its  protection,  and  for  the  further  reason  that  slight  imperfections  that 
would  scarcely  affect  the  strength  of  concrete  in  larger  masses  are 
disastrous  in  a  slender  post.  A  great  many  improvements  in  the  making 
of  concrete  have  taken  place  in  the  past  few  years,  so  that  there  ought 
now  to  be  no  excuse  for  the  failure  of  posts  due  to  any  fault  of  the 
concrete.  One  of  the  most  important  items  in  making  good  concrete  is 
the  aggregate.  Soft  rock  or  dirty  sand  or  gravel  should,  of  course,  be 
avoided,  and  a  screen  analysis  made  from  time  to  time  so  that  the 
proper  proportions  of  sand,  gravel  and  stone  will  be  maintained.  Any 
extra  trouble  on  account  of  screening  and  remixing  will  be  amply  com- 
pensated for  by  the  saving  in  cement  and  increased  strength. 

Engineers  are  just  coming  to  realize  that  the  concrete  which,  as 
per  the  old  specifications,  has  assumed  a  uniform  color  may  or  may  not 
be  sufficiently  mixed.  Mixers  may  now  be  equipped  with  devices  that 
make  it  necessary  to  mix  the  batch  a  definite  length  of  time  before  it 
is  dumped,  so  that  the  proper  length  of  time  required  for  a  thorough 
mixing  may  be  ascertained  and  the  men  running  the  mixer  removed  from 
the  temptation  of  hurrying  up  the,  mixing  in  order  to  make  a  good  show- 
ing for  the  day's  run. 

Eight  or  ten  years  ago  what  is  now  known  as  dry  concrete  was  very 
popular.  When  it  was  found  that  this  dry  concrete  was  weak  and  did 
not  properly  protect  the  reinforcing  or  develop  its  full  strength,  many 
engineers  and  contractors  jumped  to  the  other  extreme,  so  that  for  sev- 
eral years  we  had  an  era  of  SOUpy  concrete,  in  which,  while  the  voids 
were  smaller  and  not  as  apparent  to  the  *  >  <'■  they  were  in  fact  as  great. 
Only  recently  has  the  subject  of  the  proper  amount  of  water  been  taken 
up  in  a  serious  way  and  its  importance  realized.  Experiments  hay*  been 
carried  on  at  the  Lewis  Institute,  '  hicago,  that  indicate  clearrj  that  the 
proportion  of  water  lias  a  \er>  large  bearing  "n  the  strength  of  the 
concrete.  I"  in  i  posts  have  been  made  from  both  the  verj  drj  and  the 
very  slopp)  concrete,  and  no  doubt  man]  failures  are  due  to  tins  cause. 
It  is  probable  that  a  definite  basis  for  the  proper  amount  of  water  to 
n  e  may  In-  worked  out  in  tin  ne\t  few  years,  ami,  in  the  meantime, 
Engineers   will   endeavor   i"    strike   a   happy   medium   between    the   two 

extn  D 

Tin  Committee,  in  sending  out  their  inquio  blanks  this  year,  asked 
the  membei     to  d<   cribe  the  methods  used  t"  fasten  the  fencing  to  the 
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line  posts  and  to  state  what  success  they  were  having  with  such  methods. 
Ten  companies  are  using  tie  wires  around  the  posts  and  eight  of  the 
ten  express  themselves  as  satisfied  with  this  method.  Five  are  using 
posts  with  a  hole  in  the  same  through  which  a  wire  or  a  nail  is  passed 
and  fastened  to  the  reinforcing.  Four  of  the  five  are  satisfied  with  this 
method.  Three  companies  are  using  staples  embedded  in  the  concrete, 
through  which  the  tie  wires  or  nails  are  passed  for  fastening  the  fenc- 
ing; this  method  being  satisfactory  to  all  three.  When  posts  are  tapered, 
a  tie  wire  around  the  post,  if  properly  applied,  will  prevent  stock  from 
crowding  the  fencing  down,  but  the  experience  of  some  roads  indicates 
that  it  will  not  prevent  hogs  from  raising  it  up,  so  that  in  districts 
where  hogs  are  extensively  raised  some  other  method  of  fastening  is 
preferable.  It  seems  to  be  a  simple  matter  to  make  a  device  for  placing 
galvanized  loops  or  staples  in  their  proper  place  in  the  post  at  a  small 
labor  cost,  and,  where  tie  wires  around  the  posts  are  not  satisfactory, 
this  method  would  seem  to  be  better  than  making  a  hole  in  the  post, 
which  would  weaken  it  to  some  extent.  Another  method  that  might  be 
used  is  to  make  grooves  or  corrugations  in  the  side  of  the  post  opposite 
to  the  fencing  to  prevent  the  tie  wires  from  slipping  up  or  down  on 
the  post. 

As  to  the  annual  cost  of  concrete  line  posts,  it  seems  probable  that 
with  prices  as  high  as  they  now  are  and  will  doubtless  be  for  several 
years,  the  minimum  will  be  about  two  and  a  half  cents.  In  the  case  of 
materials  that  have  a  comparatively  short  life,  such  as  wooden  fence 
posts,  anything  that  materially  increases  or  decreases  the  average  life 
will  have  a  considerable  effect  on  the  annual  cost.  For  example,  if  a 
wooden  fence  post  costing  thirty-five  cents  in  place  has  a  life  of  ten 
years,  its  annual  cost  will  be  4.55  cents;  whereas,  if  its  life  were  fifteen 
years  the  annual  cost  would  be  only  3.22  cents.  On  the  other  hand,  if 
concrete  line  posts  costing  forty-five  cents  have  an  average  life  of  fifty 
years,  the  annual  cost  would  be  2.47  cents,  and  increasing  the  average 
life  to  sixty  years  would  only  reduce  the  annual  cost  to  2.38  cents.  In 
other  words,  if  we  can  produce  concrete  line  posts  that  will  have  an 
average  life  of,  say  fifty  years,  we  gain  very  little,  as  far  as  annual  cost 
is  concerned,  by  adding  a  few  more  years  to  their  life,  and  any  material 
decrease  in  this  annual  cost  will  have  to  be  effected  by  reducing  the  first 
cost.  This  brings  out  the  fact  that  excessively  large  and  expensive  con- 
crete posts  are  to  be  discouraged  and  that  a  post  should  be  built  to  the 
size  and  strength  that  is  economically  profitable  and  no  larger. 

In  line  with  this  idea,  it  appears  to  this  Committee  that  any  specifi- 
cation as  to  minimum  size  and  reinforcing  of  concrete  posts  is  a  mistake. 
In  spite  of  all  devices  and  safeguards  the  quality  of  concrete  is  and  will 
always  be  largely  dependent  on.  the  human  element  and  on  local  condi- 
tions, and  the  Committee  believes  that  such  posts  should  be  built  to  a 
minimum  strength  rather  than  size.  Just  what  this  strength  should  be, 
the  Committee  is  not  prepared  to  say  at  this  time,  but  it  is  quite  certain 
that  posts  capable  of  withstanding  a  load  of  200  lbs.  when  tested  as  a 
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cantilever  beam,  in  the  manner  described  elsewhere  in  this  report,  would 
be  strong  enough  and  it  is  thought  that  this  strength  may  be  greater 
than  is  necessary,  particularly  in  some  localities.  Some  years  ago  one 
of  our  larger  railroads  tested  some  of  the  concrete  posts  on  their  line. 
The  information  as  to  just  how  the  test  was  conducted  and  how  far 
above  the  ground  line  the  load  was  applied  is  not  available,  but  as  line 
posts  rarely  project  more  than  60  in.  above  the  ground  in  ordinary  right- 
of-way  fence,  it  is  probable  that  the  load  was  applied  somewhat  less  than 
this  distance.  The  concrete  in  these  posts  failed  under  an  average  load 
of  183  lbs.,  and  since  the  breakages  of  these  posts  in  service  were  very 
large  it  seems  that,  in  the  northern  part  of  the  country  at  any  rate,  the 
strength  should  not  be  reduced  much  under  that  necessary  to  resist  a 
load  of  200  lbs.  Of  course,  it  is  quite  possible,  that  there  was  a  wide 
variation  in  the  strength  of  the  individual  posts  made  by  this  railroad, 
and  that  it  was  not  posts  of  average  strength,  but  those  considerably 
weaker  than  the  average  that  broke  in  service. 

CONCLUSIONS. 

The  conclusions  of  this  Committee,  based  on  the  information  ob- 
tained this  year,  may  be  summed  up  as  follows : 

1.  The  Committee  repeats  its  conclusion  of  1914  that,  "Concrete 
fence  posts  are  practical,  economical  and  a  suitable  substitute  for  wood." 

2.  Reinforcement  should  be  placed  as  near  to  the  surface  of  the 
post  as  practicable,  say  J^-inch  from  the  surface. 

3.  Posts  should  taper  from  base  to  top. 

4.  Square  corners  of  posts  should  be  rounded  off  to  a  radius  of 
not  less  than  1  inch. 

5.  Concrete  should  be  made  from  clean,  hard,  aggregates,  the  per- 
centage of  the  various  sized  grains  being  such  as  to  produce  a  dense 
concrete,  using  screen  analysis  as  a  guide.  The  minimum  size  of  the 
particles  of  gravel  or  crushed  stone  should  not  be  less  than  54-inch  nor 
more  than  J^-inch.  Concrete  should  be  mixed  in  the  proportion  of  one 
part  cement  to  not  more  than  four  parts  of  mixed  aggregate.  Concrete 
should  be  of  such  a  consistency  that  water  ran  be  brought  to  the  sur- 
face by  tamping;  the  use  of  an  excess  of  water  is  detrimental.  Con- 
crete should  be  very  thoroughly  mixed  in  a  batch,  not  a  continuous  mixer, 

6.  Reinforcing  should  be  in  the  form  of  stiff  round  or  square  rods, 
preferably  deformed,  made  from  steel  with  a  high  elastic  limit.  Crimped 
or  stranded  reinforcing  that  would  be  straightened  oul  when  broughl 
into  tension  should  not  be  used  Some  method  "i  positively  holding  the 
reinforcing  in  its  proper  place  in  the  net  throughout  its  entire  length 
should  be  used. 

7.  Jogging  or  vibrating  molds  to  compad  the  concrete  in  tin-  post, 
or  some  other  method  tli.it  will  .i'  i  omplish  the  same  purpose,  should 
be  i  mployed. 

8.  Postl     should    be    carefully     made     sn    as     to    secure    a    uniform 
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Strength  in  substantially  all  posts,  and  this  strength  should  usually  he 
such  that  the  post  will  withstand  a  force  of  not  less  than  180  lbs.  at 
right  angles  to  the  axis  of  the  post,  the  post  acting  as  a  cantilever  beam 
supported  at  the  ground  line  and  the  force  being  applied  60  in.  above  the 
ground  line.  It  is  not  economical  to  make  posts  that  will  have  the 
strength  to  resist  a  force  of  over  200  lbs.  when  the  post  is  tested  in  the 
manner  above  described. 

9.  Square,  or  nearly  square,  posts  are  more  efficient  than  round 
posts  in  resisting  the  forces  that  ordinarily  cause  failure,  but  the  differ- 
ence is  not  very  great  and  may  in  some  cases  be  offset  by  an  increased 
resistance  to  deterioration  and  better  methods  of  manufacture. 

10.  On  account  of  rapid  failure  of  reinforced  concrete  when  ex- 
posed to  air  containing  salt  spray,  concrete  fence  posts  should  not  be  used 
within  twenty-  or  twenty-five  miles  from  large  bodies  of  salt  water. 

11.  Posts  should  not  be  made  out  of  doors  in  freezing  weather. 
They  should  not  be  exposed  to  the  sun, .  and  should  be  sprinkled  with 
water  the  first  eight  or  ten  days  after  being  made  to  aid  curing. 

12.  Molds  should  be  carefully  oiled  or  soaped  to  prevent  concrete 
sticking  to  them. 

13.  Posts  should  be  cured  for  not  less  than  90  days,  when  cured 
naturally,  before  being  set  or  shipped. 

.14.  Posts  should  be  carefully  handled  and  packed  in  straw,  sawdust 
or  other  suitable  material  for  shipment. 

15.  The  study  of  the  results  obtained  from  concrete  line  posts 
should  be  continued  from  year  to  year  and  the  results  tabulated  for  the 
information  of  the  Association. 


Appendix  H. 

(8)     ANALYSIS  OF  COST. 
T.  E.  Rust,  Chairman,  Sub-Committee. 

For  the  purpose  of  making  a  revised  analysis  of  the  comparative 
annual  cost  of  fences,  inquiries  were  sent  out  soliciting  data  on  concrete 
and  steel  line  posts  only,  the  intention  being  to  use  the  data  collected 
in  1915  for  wood  posts.  In  1913,  information  was  submitted  with  re- 
spect to  the  comparative  cost  and  economy  of  steel  and  wood  posts.  The 
figures  relative  to  steel  posts  given  at  that  time  were  furnished  largely 
by  the  manufacturers.  This  year  information  has  been  received  from 
twenty  users  of  about  140,000  steel  posts  and  eighteen  users  of  about 
800,000  concrete  posts,  and  a  comparison  has  been  made  between  this  and 
the  rather  full  information  relating  to  wood  line  posts,  presented  in  1915. 

From  1915  data  it  appears  that  the  average  cost  and  life  of  wood 
posts  is  as  follows : 

Kind  of 
Wood  Life 

Bois   D'arc    ..26Yrs. 

Catalpa  12Yrs. 

Cedar    15Yrs. 

Chestnut     11  Yrs. 

Cypress    11  Yrs. 

Locust    17  Yrs. 

Oak  9  Yrs. 

Pine    8  Yrs. 

Of  the  above  the  cedar  post  is  the  cheapest,  with  the  exception  of 
the  Bois  D'arc,  and  is  used  in  much  larger  quantities  than  any  of  the 
others.  The  steel  and  concrete  posts  will  be  compared  with  it.  Infor- 
mation received  this  year  indicates  the  average  first  cost  of  the  steel  line 
post  to  be  27  cents  and  the  cost  of  handling  and  setting,  7  cents.  The 
average  estimate  of  life  is  from  fifteen  to  twenty  years.  The  average 
first  cost  of  concrete  line  posts  is  about  25  cents,  and  the  cost  of 
handling  and  setting  about  20  cents.  The  estimated  life  of  concrete 
posts  is  placed  at  fifty  years. 

As  in  the  1913  report,  interest  is  assumed  at  6  per  cent.  The  result 
of  this  comparison  is  as  follows: 

Wood        Steel       Concrete 

Estimated   average   life 15  yrs.       20  yrs.        50  yrs. 

Average  first  cost  in  place 0.2625        0.340         0.4500 

Annual  Cost 
Interest  on   first  cost  at  6  per 

ccnt 0.0157        0.0204        0.0270 

Amount  to  be  set  aside  annually 
tn  reproduce  first  cost  at  end 

of   Hi,  0.0113        0.0092        0.0015 

Total   annual   cost 0.0270       0.0296       0.0285 

Cost  per  mile  (640  posts) 17.28         18.97         18.24 
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First 

Cost 

Handling 

Setting 

Total  Cost 

14c 

1.72 

8.52 

2454c 

17c 

1.72 

8.52 

27%c 

16c 

1.72 

8.52 

2654c 

14c 

1.72 

8.52 

2454c 

20c 

1.72 

8.52 

3054c 

20.5c 

1.72 

8.52 

30^4c 

14.5c 

1.72 

8.52 

2454c 

lie 

1.72 

8.52 

2154c 
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The  above  comparison  should  be  considered  as  roughly  approximate 
only,  when  applied  to  a  particular  case,  because  the  life  of  wood,  steel 
;md  concrete  posts  is  affected  by  locality  and  the  weight  of  metal  and 
quality  of  galvanizing  must  be  taken  into  account.  At  the  present  time 
steel  posts  arc  from  50  per  cent,  to  75  per  cent,  higher  in  price  than 
quoted  above,  and  deliveries  arc  very  indefinite. 

The  information  received  relative  to  the  cost  of  strain  and  corner 
posts  in  place  is  so  meager  and  variable  that  a  comparison  similar  to 
the  above   for  line  posts  does  not  seem  warranted. 
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J.  S.  McBride,  W.  K.  Walker, 

William  McNab,  R.  C.  White, 

F.  J.  Parrish,  W.  D.  Williams, 

Committee. 

To  the  American  Railway  Engineering  Associatio)i : 

The  Committee  on  Ballast  submits-  herewith  its  annual  report  for 
1918. 

The  subjects  which  were  assigned  to  the  Committee  by  the  Board 
of  Direction  are  as  follows: 

Subjects  Assigned  to  Sub-Committee  No.  1. 

(a)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations   for  changes. 

(b)  Report  on  the  proper  depth  of  ballast  of  various  kinds  to 
insure  uniform  distribution  of  loads  <m  the  roadway,  conferring'  with 
Special  Committee  on  Stresses  in  Railroad  Track  and  Committee  on 
Roadway. 

Sub-Committee   No,    1.     I.   M.   Meade,  Chairman;  C.  W.  Baldridge, 
H.  E.  Stansbury,  L\  J.  Stim'sori,  1  >.  W.  Thrower,  W.  Trapnell. 
The  report  on  these  two  topics  is  given  in  Appendix  A. 

Subjects  Assigned  to  Sub-Committee  No.    2. 
Report  on  methods  and   cost   of  applying  ballast,   with   special  refer- 
ence to  the  following  plans: 

(a)  Organization  of  the  most  economical  ballast  gang  of  railway 
company  forces. 

(b)  Use  and  limitations  of  mechanical  tools,  such  as  the  pneumatic 
tamper  and  the  spreader    for   forming  shoulder  and   path. 

(c)  Application  by  contract. 

Sub-Committee    No.    2.     H.    L.    Ripley,    Chairman;    T.    \Y.    Fatherson, 
G.  H.  Harris,  William  McNab,  S.  B.  Rice,  Paul  Sterling. 
Report  on  this  subject  appears  in  Appendix  B 

SUBJI  'i-     \     ilCNl  D   TO    Srit  (  loMMl  i  ni     N 

(a)    Report  on  the  comparative  merit  of  different  stones  and  {ravel 

and  other  material   for  ballast 
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(b)  Report  on  the  different  kinds  of  physical  tests  of  ballast 
(chemical  also,  if  necessary),  and  the  manner  of  conducting  them,  and 
recommend  the  tests  which  are  considered  necessary  and  sufficient  to 
form  a  guide  for  comparing  the  suitability  of  various  stones  and  other 
material  for  ballast. 

Sub-Committee  No.  3. — C.  J.  Coon,  Chairman ;  W.  J.  Bergen,  H.  E. 
Boardman,  F.  J.  Parrish,  D.  L.  Sommerville,  W.  D.  Williams. 

The  report  on  these  two  subjects  appears  in  Appendix  C. 

Subjects  Assigned  to  Sub-Committee  No.  4. 

Report  on  ballast  sections,  with  particular  reference  to  sub-  and 
top-ballast. 

Sub-Committee  No.  4. — R.  C.  White,  Chairman;  J.  S.  Bassett,  F.  A. 
Jones,  J.  S.  McBride,  W.  K.  Walker. 

A  report  on  this  subject  is  given  in  Appendix  D. 

COMMITTEE  MEETINGS. 

Two  meetings  of  the  General  Committee  were  held  during  the  year, 
the  first  in  Chicago  on  June  18,  1917,  with  eleven  members  present,  the 
second  in  New  York  on  November  23,  1917,  with  eight  members  pres- 
ent.    Various  Sub-Committee  meetings  were  held. 

MISCELLANEOUS. 

As  a  matter  of  interest,  the  Committee  presents,  in  Appendix  E, 
"Specifications  for  Stone  Ballast"  of  the  Pennsylvania  Lines  West  of 
Pittsburgh. 

CONCLUSIONS. 

Your  Committee  on  Ballast  recommends  the  following  action  be 
taken  on  its  report :  • 

1.  That  the  changes  in  the  Manual,  under  the  heading  of  "Revision 
of  Manual,"  in  Appendix  A,  be  approved. 

2.  That  the  additional  definitions  given  in  Appendix  A  be  approved 
and  published  in  the  Manual. 

3.  That  the  phraseology  given  in  Appendix  C,  in  regard  to  "Physi- 
cal Tests  of  Ballast,"  be  approved  for  the  Manual. 

4.  That  the  ballast  sections  shown  in  Appendix  D  be  approved  and 
published  in  the  Manual. 

Respectfully  submitted, 

The  Committee  on  Ballast. 


Appendix  A. 

(1)     (a)  REVISION   OF  MANUAL. 

J.  M.   Meade,  Chairman,   Sub-Committcc. 

Under  the  heading  "Depth  of  Ballast"  in  the  Supplement  to  the 
Manual  as  published  in  Bulletin  No.  197,  Vol.  19,  insert  the  word 
"proper"  after  the  first  word  "the,"  making  the  paragraph  read,  'The 
proper  depth  of  ballast  under  the  tie,"  etc. 

Additional  Definitions. 

Skeletonizing  Track. — The  digging  out  and  removal  of  all  material 
from  over  and  between  the  ties  down  to  a  level  with  or  below  the 
bottom  of  the  ties. 

Shell  Ballast. — A  ballast  composed  of  marine  shells  of  all  kinds  which 
arc  washed  into  heaps  in  the  shallow  water  along  the  Gulf  Coast. 
These  shells,  for  use  as  ballast,  mixed  with  small  per  cent,  of  sand, 
are  secured  by  dredging. 

Granulated  Slag. — Granulated  slag  is  the  product  of  trie  blast  furnace, 
formed  by  having  a  jet  of  water  injected  into  the  molten  slag  as 
it  runs  from  the  furnace.  This  treatment  reduces  the  slag  to  a 
granular  form. 

Blast  Furnace  Slag. — Slag  from  blast  furnaces,  which  is  poured  out 
as  molten  slag  and  allowed  to  cool.  It  is  then  broken  up  by  blast- 
ing or  otherwise,  for  use  as  ballast.  This  type  of  slag  is  of  a  light 
gray  color,  is  quite  porous  and  lighter  in  weight  than  majority  of 
stone  ballast. 

Open-Hearth  Slag.— Open-hearth  slag  is  a  product  of  the  open-hearth 
steel  furnaces,  is  very  black  and  dense,  and  contains  a  considerable 
quantity  of  iron,  is  quite  heavy,  and  breaks  in  angular  form,  and 
therefore  makes  excellent  ballast. 

Precious  Metal  Slag. — A  slag  from  smelters  for  reducing  precious 
metals;  is  very  similar  in  appearance  and  consistency  to  the  open- 
hearth  slag.  The  precious  meal  slag  is  usually  black  or  very  dark 
in  color,  is  very  hard  and  heavy,  and,  when  properly  crushed,  makes 
an  excellent  ballast. 

Volcanic  Cinders.-  Volcanic  cinders  are  the  cinders  thrown  out  by- 
volcanic  eruptions  and  deposited  in  hills  and  mountains,  partially 
Eree  from  lava.    In  appearance,  thej   are  much  lik<    "burnt  clay"  or 

"gumbo"    ballast,    but    ,ih'    usii.tlb    <  1 . 1 1 U  <  i    m    color,    and    much    h.iidn 

and  more  durable. 
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(2)  REPORT  ON  PROPER  DEPTH  OF  BALLAST  OF  VARIOUS 
KINDS  TO  INSURE  UNIFORM  DISTRIBUTION  OF  LOADS 
ON  THE  ROADWAY,  CONFERRING  WITH  SPECIAL  COM- 
MITTEE ON  STRESSES  IN  RAILROAD  TRACK  AND  COM- 
MITTEE ON  ROADWAY. 

(b)     Depth  of  Ballast. 

Your  Committee  has  been  in  touch  "with  the  Committee  on  Stresses 
in  Railroad  Track,  but  as  that  Committee  has  not  yet  completed  its  in- 
vestigations of  stresses,  the  Ballast  Committee  is  not  in  a  position  to 
recommend  any  additions  or  chatiges  to  the  matter  in  the  Manual,  page 
5,  under  the  heading  of  "Proper  Depth  of  Ballast."  The  Committee 
therefore  recommends  that  this  subject  be  reassigned  for  the  coming 
year's  work. 


Appendix    B. 

(4)     METHODS  AND  COST  OF  APPLYING  BALLAST. 

H.  L.  Ripley,  Chairman,   Sub-Committee. 

In  connection  with  sections  (a)  and  (b),  the  carriers  having  repre- 
sentation through  membership  in  the  Association  were  circularized  and 
requested  by  the  Secretary  to  answer  the  following  letter : 

Will  you  kindly  communicate  to  the  address  given  below,  within  the 
next  20  days,  information  relative  to  the  following  subjects? 

(1)  Mechanical    Tools — such    as    Mechanical    Tampers;    Spreaders    for 

forming  shoulder  and  path,  etc. 

(a)  A  list  of  such  tools  (other  than  the  common  hand  tools) — such 

as  Pneumatic  Tampers;  Electric  Tampers;  Ballast  Plows; 
Ballast  Spreaders ;  hand  and  power  controlled ;  other  auto- 
matic or  semi-automatic  devices. 

(b)  The    results    obtained   by   the    use   of    the    Mechanical    Tamper 

(noting  the  kind)    on  : 

(1)  Outlying  section  maintenance. 

(2)  Terminal  section  maintenance. 

'(3)     Around  frogs,  switches,  slips,  interlocking,  etc. 

(4)  In  renewal  of  ballast  out  of  face. 

(5)  In  new  construction  work. 

Comment    upon    the   advantages    and   disadvantages   of    each    for   the 
various  classes  of  ballast  work. 

(c)  The   results   obtained   by   the   use   of   other   mechanical    devices, 

with  comments,  as  in   the  case  of  the   Mechanical  Tamper. 

(2)  Outline  a  Typical   Ballast  Cans;. 

(a)  The  best   typical   gang  for  handling  ballast   in    connection    with 

ordinary  maintenance  work. 

(b)  The  best  typical  gang  to  ballast  a  newly  constructed  line. 

(c)  The  best  typical  gang  to  raise  out  of  face  and   rock  ballast  un- 

der traffic  a  line  previously  ballasted  with  some  inferior 
material. 

Main  heading,  (_;)  "Outline  a  Typical  Ballast  Gang,"  should,  pre- 
ferably, be  accompanied  by  a  diagram  or  diagrams  showing  the  organi- 
sation split  into  its  various  sub-units,  with  the  class  and  number  of  Fore.- 
men,  Sub-Foremen,  and  men  in  each  gang,  indicating  the  spacing  in  the 
gang  and  distances  between  sub-gangs. 

Please  state  in  particular  whether  tie  renewals  are  made  before,  at 
the  time  of,  or  subsequent  to  ballasting,  and  why. 

In  each  case  copious  comments  in  narrative  I'orm  should  accompany 
the  outline,  the  narrative  to  show  the  exact  duties  oi  each  sub  gang.  It 
should  be  in  sufficient  detail  to  enable  one  unfamiliar  with  the  conditions 
to  classify  properly  and  summarize  the  results  obtained 

Information  relative  to  tin-  amount  of  work  accomplished,  and  cost, 
would  be  welcomed  by  the  Committee. 

Owing,  doubtless,  to  the  unusual  stress  under  which  radio. id  officers 
have  been  compelled  to  work  in  recent  months,  onlj  sixteen  (16)  replies 
were  received  Of  this  number,  eight  (S)  confined  themselves  to  an 
answer  relative  to  tampers,  plows  ;unl  spreaders;  eight  (8)  replied  bj 
outlining  a  typical  ballasl  gang  as  well      No  diagrams  were  submitted 
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Of  the  eight  (8)  replies  to  question  regarding  the  hallast  gang,  five 
(5)  advocate  a  large  gang  of  50  men  or  over.  Three  (3)  advocate  a 
small  gang  of  30  men  or  less,  with  independent  gangs  to  speed  up  the 
work  when  necessary. 

The  organization  suggested  by  the  Committee  is  based  upon  the 
assumption  that  the  material  will  be  dropped  from  center  dump  cars 
and  will  be  dragged  down,  and  further,  that  on  an  old  line  a  skeletonizing 
gang  will  do  the  preliminary  work,  in  advance  of  and  distinct  from  the 
ballast  gang. 

For  such  a  typical  ballast  gang  your  Committee  suggests  a  slight 
modification  of  the  one  shown  by  diagram  on  page  464  of  the  Proceed- 
ings for  1917,  Volume  18,  and  has  indicated  this  modified  form  as  Ex- 
hibit "A." 

Committee's  Exhibit  "A."  (See  addenda)  :  55  Men, 
1  Clerk,  4  Sub-Foremen,  1  General  Foreman. 

The  New  York  Central  Diagram  shown  on  page  464 
of  the  Proceedings  for  1917  (Exhibit  "B")  consists  of: 
53  Men,  2  Sub-Foremen,  1  General  Foreman. 

The  Michigan  Central  Diagram  shown  as  Exhibit 
"C"  consists  of:  102  Men,  2  Sub-Foremen,  2  General 
Foremen,  1  Tool  Man,  1  Water  Boy,  1  Company  In- 
spector. 

The  Grand  Trunk  Railway  System  Outline  is  shown 
as  Exhibit  "D"  and  consists  of :  49  Men,  2  Sub-Fore- 
men, 2  Foremen. 

The  Oregon   Short  Line   Outline   shown   as   Exhibit 

"E"  consists  of :     54  Men,  2  Sub-Foremen,  1   Foreman. 

The   Richmond,   Fredericksburg  &  Potomac   Outline 

shown  as  Exhibit  "F"  consists  of :     48  Men, .  1   Clerk,  3 

Sub-Foremen,  1  Foreman. 

The  above  gang  (Committee  Exhibit  "A"),  as  before  stated,  is  de- 
signed for  ballasting  a  line  after  a  preliminary  skeletonizing  and  tie  gang 
has  prepared  the  way. 

Before  ballasting  an  operated  line,  such  an  advance  gang  would  be 
required  to  clean  out  the  spent  ballast  to  the  bottom  of  the  tie;  to  lower 
track  under  overhead  obstructions;  to  clean  ditches  and  slopes;  to  load 
out  the  excavated  material  required  for  proper  width  of  roadbed.  This 
advance  gang  would  consist  of  from  12  men  and  sub-foremen,  to  50 
or  more  men,  a  foreman  and  two  or  three  sub-foremen  working  with 
ditcher  and  train,  depending  on  the  magnitude  of  the  preparatory  work 
required  by  local  conditions. 

A  typical  tie-renewal  gang  would  consist  of  a  sub-foreman  and  16 
men  and  should  follow  the  advance  gang  on  old  track.  This  typical 
gang  would  consist  of : 

1  Sub-Foreman 

2  Clawbar  Men 

4  Removing  Old  Tits 
6  Placing  New  Ties 
2  Lifting-Bar  or  Jack  Men 
2  Spikers. 
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Other  than  the  necessity  for  preparatory  work  as  indicated  above, 
your  Committee  sees  no  reason  for  any  different  organization  to  handle 
ballast  on  a  new  line  and  on  an  operated  line.  At  the  time  the  ballasting 
would  be  under  way  on  a  new  line,  work  trains  would  be  in  use  and  the 
line  might  be  carrying  as  frequent  service  as  would  a  lightly  operated  line 
in  commercial  service.     It  would  have  to  be  kept  passable  in  either  case. 

If  little  service  other  than  the  ballast  train  had  to  be  taken  care  of, 
it  would  be  an  advantage  to  spread  out  the  gang  somewhat  more  than  is 
indicated  on  Exhibit  "A."  If  service  was  frequent,  the  gaps  would  have 
to  be  narrowed  and  more  attention  paid  to  keeping  the  track  supported 
in  order  to  prevent  surface  bending  the  rail. 

Conclusion. 
The  data   furnished  the  Committee  has  been  meager  and  the   study 
made   is  not   conclusive.     The   diagram   submitted   by   the   Committee   is 
nothing  more  than  a  good  target  at  which  to  shoot  during  the  coming 
year. 

It  is  submitted  for  that  purpose  in  the  hope  that  each  member  of  the 
Association  will  not  only  take  his  shot  at  it  but  will  send  to  the  Chairman 
a  design  for  a  new  and  better  target  so  that  the  Committee  may  next  year 
submit  one  to  the  meeting  that  reflects  the  combined  experience  and  judg- 
ment of  the  Association  together  with  a  summary  of  the  constructive 
criticism  presented  by  representatives  of  all  the  affiliated  carriers. 

The  Committee  recommends  that  the  letter  of  inquiry  be  followed  up 
until  such  answers  are  secured. 

(b)     USE  AND   LIMITATION    OF   MECHANICAL   TOOLS. 

Mechanical  devices  used  to  save  labor  and  expense  and  to  expedite 
the  work  fall  naturally  into  sequence  from  the  pit,  quarry  or  ballast  pile 
to  the  finished  track. 

Your  Committee  assumes  that  the  Association  did  not  expect  it  to 
cover  hand  tool  nor  jacks  nor  to  cover  the  machinery  employed  in  pre 
paring  and  loading  ballast.     That  is  a  study  in  itself. 

Cars  for  transporting  ballast  should  be  carefully  chosen  with  regard 
to  the  work  to  be  done — whether  it  is  to  he  on  track  already  laid  or  for 
an  additional  parallel  track. 

If  for  raising  track  hopper  cars  should  he  used  with  the  ballast  plow 
or  tic  drag.  If  for  parallel  track  side  dumps  arc  to  be  preferred,  espe- 
cially when  air  operated.  Convertible  ears  where  the  sides  swing  out 
and  up,  when  used  with  the  side  plow  and  unloading  engine-drum  and 

'able,  arc   fairly  satisfactory   when  dump  cars  .ire   not   available,   which   is 

Usually  the  case  when  stone  ballast  is  furnished  from  a  private  quarry. 

Anchoring  the  train  and   pulling  the  plow  through   (lie  train  by  cable 
from  tin-  locomotive  i-  a  poor  substitute   for  the  unloading  engine.     It 
beal  unloading  by  hand. 
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The  spreader  car,  especially  when  air-operated,  i>  effective  and  should 
he  in  general  use.  With  this  car,  ballast  for  new  second  track  work 
previously  dumped  alongside  the  running  track  from  side  dump  cars  or 
unloaded  by  side  plows,  can  be  spread  out  to  a  grade  two  inches  below 
the  bottom  of  tie  and  to  the  outside  shoulder  at  a  speed  of  eight  miles  per 
hour.  When  not  in  use  on  ballast  work  the  spreader  can  be  used  on  a 
grading  dump  and  in  wet  clay  or  rock  will  do  the  work  of  fifty  men  and 
remain  idle  most  of  the  time  at  that. 

The  only  other  mechanical  tool,  as  your  Committee  understands  the 
term,  which  seems  to  require  particular  mention,  is  the  mechanical  tamper. 

This  tool  has  passed  the  stage  where  its  usefulness  under  favorable 
circumstances  needs  further  defense. 

\  round  terminals  and  yards  where  there  is  a  large  amount  of  frog 
and  switch  work,  so  far  as  this  Committee  knows  there  is  no  disposition 
to  question  the  expediency  of  its  use  based  on  its  merits  alone,  entirely 
apart  from  any  question  of  scarcity  of  labor. 

Opinions  differ  as  to  the  amount  of  labor  the  mechanical  tamper  will 
save.  It  is  probably  conservative  to  say  that  a  gang  consisting  of  one  (1) 
foreman  and  twelve  (12)  men,  with  four  (4)  pneumatic  tampers  can  do 
as  much  work  in  a  day  as  twenty  (20)  men  with  picks  or  tamping  bar, 
and  do  it  better.  Some  supervisors  set  the  figure  much  higher  in  con- 
gested territory. 

An  outline  of  a  typical  four-unit  and  two-unit  gang  follows: 

MAINTENANCE   GANG    FOR    PNEUMATIC    TAMPER. 

Four- Machine   Outfit.  Two-Machine  Outfit 

Foreman:  Foreman: 

1  Compressor  Runner  1  Compressor  Runner 

2  Hose  and  Utility  Men  1  Hose  and  Utility  Man 
4  Tampers                                                 2  Tampers 

4  Shovel  and  Bar  Men  2  Shovel  and  Bar  Men. 

1  Lookout. 
In  either  case  on  maintenance   work   it  is   assumed   that  the   whole   crew 
working  as  a  unit  would  renew  ties,  clean  out  for  tamping  and  do  other 
preliminary  work  in  advance  of  the  machines. 

It  should  be  borne  in  mind,  however,  that  the  outfit  required  with 
mechanical  tampers  is  complicated  and  will  break  down  if  not  properly 
handled. 

It  is  a  gas  engine  and  is  susceptible  to  all  the  potential  troubles  that 
go  with  an  automobile,  substituting  hose  troubles  for  tire  troubles. 

It  is  an  air  compressor  and  requires  the  same  care  and  is  susceptible 
to  the  same  troubles  as  any  other  compressor. 

Tin  tamping  tool  is  much  like  a  "Jap"  Drill  and  has  its  own  peculiar 
troubles. 

When  used  at  a  terminal  when  the  apparatus  can  receive  proper  atten- 
tion from  a  mechanic,  these  troubles  arc  not  serious.  When  sent  out  on 
a  section  and  left  to  the  tender  mercies  of  the  average  foreman  of  an  out- 
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lying  section  gang,  unless  regularly  inspected  and  "tuned  up"  by  someone 
having  the  necessary  mechanical  knowledge  not  only  to  put  the  outfit  in 
shape  but  to  instruct  the  foreman  in  its  use,  it  is  liable  to  be  out  of  order, 
and  out  of  service  a  considerable  portion  of  the  time. 

Cost  figures  were  published  in  the  Proceedings  for  1916,  Volume  17, 
page  325. 

Some  additional  cost  figures  follow : 

N.   Y.    N.   H.    &   H.    R.  R. 

Record  of  Tie  Tamping  Machines. 

Two   (2)   Tamper  Outfit. 
1  Foreman — 6  Men.  November  14,  1917. 


Cost  Per 

Tie,  Labor 

Numbei 

*  Linear 

and  Supplies 

Hours 

of  Ties 

Feet  of 

Including 

Operated. 

Tamped. 

Track. 

Ballast. 

Lost  Time. 

Remarks. 

45  out  of  60 

1380 

2267 

Stone 

$0,103 

All  ties  tamped 

14    "     "   40 

555 

902 

" 

0.141 

"      "          " 

26    "     "    50 

485 

1200 

Gratel 

0.158 

Picking  up  low 

33    "     "   60 

655 

1820 

" 

0.163 

"          "       " 

35    "     "   60 

660 

2050 

" 

0.192 

"          "       " 

39    "     "   60 

765 

2650 

" 

0.155 

"          "       " 

16    "     "  30 

363 

1045 

" 

0.161 

"          "       " 

All  these  machines  used  upon  outlying  sections  upon  regular  section 
maintenance.  A  great  deal  of  trouble  experienced  on  account  of  air  com- 
pressor and  gasoline  engine  getting  out  of  order,  probably  due  to  inex- 
perienced men  handling  such  outfits.  This  has  resulted  in  considerable 
lost  time  which  brings  up  the  unit  cost  of  ties  tamped.  A  battery  of  three 
or  four  machines  all  under  one  competent  mechanic  has  proved  more 
satisfactory,  unit  cost  per  tie  tamped  being  about  $0.05. 

illinois  central  railroad. 
One  Air  Tamper  in  Rock  Ballast. 

Result  of  general  surfacing ;  raising  two  inches  in  order  to  clean 
ballast  face  and  renew  ties. 

Section  foremen  and  12  laborers.  10  hours  per  day  averaged  234  feet 
of  track.  Same  gang  without  machine  180  feet.  Cost  of  former  13^c 
per  foot.  Latter  14.6c  per  foot.  Making  1.1c  per  foot  in  favor  of  the 
machine. 

(c)     BALLASTING  BY  CONTRACT. 

The  carriers  were  circularized  about  ballasting  by  contract  and  were 
asked  to  give  the  Committee  their  views  in  regard  to  the  practicability 
and  the  desirability  of  contracting  for  the  application  of  ballast: 

(a)     On  new  <  lonatruction, 

(I))    ( )n  an  ( operated  Line, 
first  stating  whether  th<\   had  m  had  aoi  handled  ballast  work  bj 

tr;ut   in   recent    years  Under  either  or   Imtli   "I    the   tWO  classes 
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One  hundred  and  seven  (107)  replies  were  received  in  connection 
with  new  work.  Of  this  number  eighteen  (18)  replied  that  they  had 
within  recent  years  handled  ballast  work  by  contract  on  New  Construc- 
tion; nine  (9)  were  in  favor  of  continuing  such  method  of  procedure- 
six   (6)  were  non-committal ;  three   (3)   were  opposed. 

Of  the  eighty-six  (86)  who  had  not  within  recent  years  handled 
ballast  by  contract  on  new  work,  thirteen  (13)  were  in  favor  of  trying 
such  method;  thirty-six  (36)  were  non-committal;  thirty-seven  (37) 
were  opposed. 

One  hundred  and  three  (103)  replies  were  received  in  connection 
with  contract  ballasting  on  an  operated  line. 

Of  the  six  (6)  who  have  within  recent  years  handled  ballast  by 
contract  on  operated  lines,  two  (2)  were  in  favor  of  continuing  such 
practice;  three  (3)  were  in  doubt,  and  one  (1)  opposed.  Of  the  eighty- 
seven  (87)  who  have  not  within  recent  years  handled  ballast  by  contract 
on  an  operated  line,  eight  (8)  were  in  favor  of  trying  such  procedure ; 
thirty-two  (32)  were  non-committal;  fifty-seven  (57  were  opposed. 

On  new  lines  the  arguments  in  favor  of  contract  work  as  brought 
out  by  the  replies  were  two: 

1.  Flexibility  of   supply  and  control  over  labor  owing  to   freedom 

in  fixing  rates  of  pay. 

2.  A  possible  low  price  owing  to  some  local  condition,  such  as  lack 

of  proper  equipment  on  the  part  of  the  carrier. 

The  disadvantages  were : 

(a)  Loss  of  control  over  the  work. 

(b)  Less  thorough  work  even  under  close  inspection. 

(c)  The  ultimate  cost  may  be  increased. 

(d)  Dispute  over  the  character  and  sequence  of  the  work. 

(e)  Dispute  over  distribution  of  ballast. 

(f)  Dispute   over  whether   or   not   contractor  has    fully   performed 

his  duty. 

On  an  operated  line  the  same  two  reasons  favorable  to  ballasting 
by  contract  will  apply  as  in  the  case  of  a  new  line. 

The  same  objections  are  raised  and  in  addition  the  following  are 
cited: 

(g)  Some  added  danger  owing  to  loss  of  direct  control. 

(h)  Less  complete  co-ordination  between  the  constructing  and  oper- 
ating forces. 

(i)      Greater  interruption  to  traffic. 

(j)      Claims   for  extras  on   account  of   interference  with  the   work. 

(k)  Difficulty  of  ensuring  the  maintenance  of  a  surface  in  the 
working  sector  that  will   prevent  surface  bending  the   rail. 
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Conclusion. 


The  consensus  of  opinion  expressed  is  strongly  against  ballasting 
by  contract  in  normal  times  and  especially  so  on  an  operated  track. 

Advocates  of  ballasting  by  contract  do  so  largely  as  an  emergency 
measure  because  of  the  greater  flexibility  of  a  contractor's  organization 
in  changing  the  rates  of  pay  and  so  securing  labor  in  time  of  stress. 

The  matter  is  best  summed  up  in  the  language  of  one  of  the  men 
listed  as  favorable  to  this  method.     He  says : 

"My  experience  on  this  and  other  railroads  is  that  contract  ballast- 
ing   *     *     *     is  to  a  large  extent  a  necessary  evil." 
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Exhibit  C. 

The  arrangement  shown  is  that  which  we  would  consider  ideal  in 
case  labor  conditions  were  such  that  sufficient  men  might  be  obtained. 

It  is  presumed,  of  course,  that  the  skeletonizing,  renewals  and  spac- 
ing of  ties  has  preceded  the  work  to  be  done  by  the  forces  as  shown  by 
this  diagram,  and  on  this  account  by  reason  of  the  track  being  opened  up, 
the  territory  over  which  these  gangs  are  working  is  within  slow-speed 
limits,  requiring  a  speed  not  in  excess  of  30  miles  per  hour,  so  that  the 
work  being  done  by  these  gangs  does  not  require  a  finishing  other  thin 
is  necessary  to  put  the  track  in  shape  for  30  miles  per  hour  for  pas- 
sage of  trains  during  the  day  and  the  night  hours.  This  stretch  of 
track  being  protected  at  all  times  by  proper  signals  displayed,  both 
during  the  day  and  the  night. 

The  lifting  gang  consists  of  60  men,  arranged  as  shown  on  the 
diagram.  The  head  jack  lifts  the  track  one-half  of  the  total  lift  and  the 
rear  jack  makes  the  remainder  of  the  lift;  the  head  and  the  rear  jack 
being  kept  one-half  rail  length  apart  at  all  times,  this  arrangement  insur- 
ing the  possibility  of  obtaining  a  suitable  run-off  on  short  notice  and 
does  away  with  the  danger  of  surface-bending  the  rail  by  making  high 
lifts  at  one  point.  The  men  shown  tamping  inside  of  the  rail,  tamp 
only  for  a  very  few  inches  inside  of  the  base  of  the  rail  in  order  that 
there  may  be  no  possibility  of  the  track  later  becoming  centerbound. 
The  lining  gang  immediately  behind  the  tamping  gang  merely  takes 
care  of  the  sharp  kinks  in  the  track  so  that  the  line  will  be  safe  for  a 
speed  of  30  miles  per  hour  without  further  attention  for  three  or  four 
days,  at  which  time  the  surfacing  gang  will  reach  the  work. 

The  lifting  gang  of  60  men  work  every  other  day  making  a  lift, 
lifting  about  one  mile  of  track  during  such  day's  work.  On  the  alter- 
nate day  this  gang  drops  back  behind  the  surfacing  gang  and  trims 
the  track,  such  work  consisting  of  shoveling  the  stone  out  of  the  way 
of  the  stone  ballast  line,  surfacing  up  the  sub-ballast  for  the  stone 
ballast  line,  setting  the  stone  ballast  line  by  the  means  of  a  template, 
trimming  and  refilling  between  the  ties,  carrying  excess  stone  to  points 
where  needed  in  finishing,  cleaning  ditches  and  making  repairs  to  farm 
and  highway  crossings.  Disposition  of  this  gang  doing  trimming  work 
is  also'  shown  on  the  diagram. 

A  period  of  three  or  four  days  elapses  between  the  time  when  the 
track  is  lifted  by  the  lifting  gang  until  the  same  point  is  reached  by 
the  surfacing  gang.  The  track  being  subjected  during  this  time  to  the 
tamping  effect  of  the  passing  trains,  and  our  specification  provides  that 
the  track  shall  be  tamped  sufficiently  well  by  the  lifting  gang  that  the 
surfacing  gang  following  same  will  not  have  to  lift  the  track  over  2 
inches  in  surfacing  same  after  traffic  has  passed  over  the  track  for  the 
period  of  three  or  four  days,  as  above  mentioned.  There  is,  therefore, 
a  space  of  approximately  one  or  one  and  one-half  miles  between  the 
lifting  and  the   surfacing  gang.     The   surfacing  gang  consists  of  about 
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44  men  arranged  as  shown  in  the  diagram.  The  lining  gang  shown  lines 
the  track  ahead  of  the  surfacing  gang  to  the  center  stakes  which  have 
been  set  by  the  Engineering  corps.  The  surfacing  gang  then  makes  a 
lift  which  must  not  be  in  excess  of  2  inches  to  bring  the  track  to  the 
proper  grade  after  the  passage  of  three  or  four  days'  traffic  as  above 
noted. 

On  alternate  days  as  above  mentioned  the  lifting  gang  drops  back 
behind  the  surfacing  gang  and  does  the  trimming  up.  The  first  operation 
in  the  trimming  being  the  forking  up  of  the  stone  off  from  the  ballast 
section  outside  of,  and  on,  the  stone  ballast  line;  marks  are  then  set 
showing  at  what  point  the  sub-ballast  section  must  be  lowered  or  raised 
before  the  stone  line  is  put  on  same.  A  small  gang  then  follows,  putting 
the  subgrade  or  rather  sub-ballast  surface  in  proper  shape  for  the  laying 
of  the  stone  ballast  line,  which  is  done  by  a  small  gang  by  means  of  a 
template,  which  fastens  over  the  head  of  the  rail  and  insures  the  stone 
ballast  line  being  at  a  uniform  distance  out  from  the  rail.  The  next 
operation  is  the  surface  trimming  and  filling  in  between  the  ties  with 
the  stone  ballast.  This  work  completing  the  work  done  by  the  trimming 
gang.  There  is  a  small  gang  shown,  however,  whose  duty  it  is  to  load 
onto  carry  cars  and  to  haul  back  and  forth  the  excess  stone  for  deposit- 
ing at  points  where  further  stone  ballast  is  needed  in  the  trimming. 
Another  small  gang  is  shown  whose  duty  it  is  to  clean  sub-ballast  out  of 
the  ditches  and  restore  farm  and  highway  crossings,  etc. 

After  a  further  period  of  from  four  days  to  a  week  has  elapsed 
since  the  trimming  gang  has  gone  over  the  track,  a  small  gang  consisting 
of  about  12  men  and  the  Foreman,  go  over  the  track  and  do  the  same 
class  of  work  that  would  be  done  by  the  ordinary  section  gang  following 
up  work  of  this  class,  that  is,  they  touch  up  the  line  and  take  care  of 
any  small  surfacing  work  that  may  be  necessary.  It  is  possible  that 
with  work  done  by  the  Company's  forces  and  not  by  contract,  that  this 
latter  gang  might  be  dispensed  with,  as  the  section  gang  upon  whose 
section  the  ballasting  work  was  being  done  would  be  expected  to  do  this 
work.  However,  as  the  stone  ballast  contract  calls  for  finished  work,  it 
is  up  to  the  contractor  to  do  all  the  finishing  and  fine  lining  necessary, 
therefore,  a  gang  as  above  noted  is  assigned  to  this  work. 

The  forces  disposed  of  as  above  outlined  should  allow  the  comple- 
tion of  an  average  of  about   l/?.  mile  of  finished  track  per  day. 
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GRAND  TRUNK  RAILWAY  SYSTEM. 
A  typical   Ballast   Gang  in   our  operation    (gravel  only  being  used) 
consists  of: 

2  Jackmen. 

4  Men  jacking   (with  jacks.) 

2  Men  casting  in  ballast  for  packers. 

4  Outside  packers. 

4  Inside  packers. 

4  Men  tamping. 

1  Man  with  level  board. 

1  Waterman. 

1  Assistant  Foreman. 

1  Foreman. 


(a) 


Assistant  Foreman 


Foreman 


(b) 


Foreman 


1  Man  making  holes  for  track  jacks. 

2  Men  pulling  spikes  from  bad  ties. 
2  Men  with  track  jack. 

2  Men  pulling  out  old  ties. 

4  Men  placing  new  ties. 

4  Men  spiking  and  holding  up  new  ties  in  track. 

4  Men  packing  outside  of  ties. 

4  Men  packing  inside  of  ties. 

2  Men  with  tamping  bars  for  joints. 

1   Waterman. 

1  Man  tightening  bolts. 

1  Foreman. 

1  Assistant  Foreman. 

2  Men  pulling  spikes  from  bad  ties. 
2  Men  removing  old  ties. 

4  Men  placing  new  ties. 

4  Men  holding  in  place  and  spiking  new  ties 

1  Man  making  holes   for  track  jacks. 

2  Men  with  track  jacks. 

4  Men  packing  ballast  on  outside. 
4  Men  packing  ballast  inside. 
2  Men  tamping  joints  with  bars. 
1  Man  tightening  bolts. 

1  Waterman. 

2  Jackmen. 

4  Men  packing  with  jacks. 
2  Men  casting  in  ballast   for  packer^. 
1  Man  with  level  board. 
4  Outside  packers. 
4  Inside  packers. 
4  Men  tamping. 
1  Waterman. 
1  Foreman, 
l  Assistant  Foreman. 

With  Gang  of  40  men,  double  all  the  meu   shown 
pi  Waterman  and  Foreman. 

1  Levclman. 

2  Jackmen. 

■I    Men   packing. 
2  Men  casting. 
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Assistant  Foreman 

4  Outside  packers. 
4  Inside  packers. 
4  Men  tamping. 
1  Waterman. 


(c) 


No  rock  ballast  is  used  on  our  lines. 
With  reference  to  tie  renewals:    Tie  renewals  aic 
made  at  the  time  of  ballasting. 


Exhibit  E. 
OREGON  SHORT  LINE  RAILROAD  COMPANY. 
We  use  as  ballasting  gangs  on  a  line,  which  is  already  in  com- 
mercial service,  when  we  can  get  them,  as  many  gangs  as  we  can  serve 
with  cars  or  engines  or  hauling  crews,  up  to  the  limit  of  the  output  of 
our  ballast  pit;  the  idea  being  not  to  keep  any  track  opened  up  for  any 
considerable  time  in  advance  of  the  gravel  dumping. 

(a)  Single  unit  ballasting  gangs,  with  us,  consist  first  of  a  general 
foreman,  next  a  foreman  and  gang  of  thirty  men,  digging  out  track  and 
replacing  worn  out  and  decayed  ties;  next  a  dumping  gang,  consisting 
of  assistant  foreman  and  six  men,  who  look  after  the  dumping  and 
spreading  of  the  gravel,  in  connection  with  the  train  crew.  Next,  the 
raising  and  tamping  gang,  which  ordinarily  consists  of  a  foreman  and 
forty  men;  and  next  the  finishing  and  dressing  gang,  which  ordinarily 
consists  of  assistant  foreman  and  twenty  men. 

(b)  The  only  difference  on  newly  constructed  lines,  which  are  not 
filled  in  with  other  material,  is  that  the  first  gang  named  in  the  fore- 
going, which  digs  out  and  opens  up  track,  may  be  dispensed  with,  and 
the  other  gangs  slightly  reduced  in  numbers,  because  of  the  fact  that  if  the 
new  line  is  not  handling  commercial  business,  there  is  no  necessity  for 
frequently  making  the  track  safe  for  the  passage  of  commercial  trains. 

(c)  I  see  no  difference  between  the  requirements  for  a  gang  to  use 
in  raising  out  of  face  and  rock  ballasting  a  line  previously  ballasted 
with  inferior  material,  and  the  requirements  for  a  gang  as  first  mentioned 
in  ballasting  a  line  in  operation,  because  to  gain  satisfactory  results  from 
rock  ballast,  or  any  other  ballast,  the  inferior  material  should  be  dug 
out  down  to  the  bottom  of  the  ties,  and  spread  on  the  shoulders,  rather 
than  to  make  the  raise  and  leave  the  inferior  material  in  place. 

Exhibit    F. 
RICHMOND,     FREDERICKSBURG     &     POTOMAC     RAILROAD. 

Our  organization  of  a  ballast  gang  for  new  construction  consists  of 
about  100  men,  1  General  Foreman,  3  Assistant  Foremen,  1  Timekeeper 
and  Commissary  Clerk.  The  gang  was  subdivided  into  three  separate 
gangs,  40  men  each  in  the  first  and  second,  and  20  men  in  the  third, 
which  put  the  finishing  surface  and  line  on  the  track. 

We  have  never  rock  ballasted.  With  reference  to  reballasting  refer 
to  my  report  to  the  Committee  on  Ballast  in  Vol.  18,  Proceedings,  p.  451. 


Appendix  C. 

(5)     COMPARATIVE    MERIT    OF    DIFFERENT    STONES    AND 

GRAVEL  AND  OTHER  MATERIAL  FOR  BALLAST. 

(6)     PHYSICAL  TESTS  OF  BALLAST. 

C.  J.  Coon,  Chairman,  Sub-Committee. 

Under  date  of  July  24,  1917,  approximately  thirty  carriers  were  re- 
quested to  list  the  various  ballasts  used  of  each  kind  in  the  order  of 
their  effectiveness  and  the  answers  of  sixteen  are  tabulated  in  Appendix 
"G"  hereto  attached. 

At  the  meeting  in  March,  1917,  the  Association  approved  the  recom- 
mendation of  the  Ballast  Committee  on  the  order  of  effectiveness  of 
various  kinds  of  ballast  and  your  Committee  has  endeavored  to  obtain 
from  Exhibit  "G"  the  order  of  effectiveness  of  the  various  classes  of 
each  kind  of  ballast  as  follows : 


Conclusions. 

(1) 

Stone. 

(a)  Trap  rock. 

(b)  Limestone. 

(c)  Sandstone. 

(2) 

Washed  Gravel. 

(3) 

Broken  Slag  (not  granulated). 

(a)  Precious  metal  slag. 

(b)  Open-hearth  slag. 

(c)  Blast  furnace  slag. 

(4) 

Pit  Run  Gravel. 

(a)  River  or  stream  gravel. 

(b)  Hill  gravel  (not  cementing) 

(c)  Hill  gravel  cementing. 

(5)  Chatts. 

(a)  Chatts  from  zinc  ore,  which  is  coarse. 

(b)  Chatts  from  lead  ore,  which  is  fine 

(6)  Burnt  Clay  or  Gumbo. 

(7)  Cinders. 

(a)  Hard  coal  cinders. 

(b)  Volcanic  cinders. 

(c)  Soft  coal  cinders. 

Conclusions. 

The  results  of  a  large  number  of  "Physical  Tests  of  Road  Building 
Rock"  (88  pages)  by  the  U.  S.  Department  of  Agriculture,  are  given  in 
their  Bulletin  No.  370  and  your  Committee  feels  that  this  bulletin  con- 
t.iin    vnv  valuable  <lat;i  on  the  stud]  of  stone  lot  ballast 
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The  following  reference  is  recommended  for  the  Manual,  "For  re- 
sults of  Physical  Tests  of  Load  lluililiiiR  Stone  (88  pages),  sec  U.  S. 
Department  of  Agriculture  Bulletin  No.  370." 

Your  Committee  obtained  from  the  Library  Service  Bureau,  United 
Engineering  Society,  29  West  39th  Street,  New  York  City,  a  list  of  pub- 
lications on  "Ballast  and  Ballasting."  "This  is  not  a  complete  bibliog- 
raphy; it  is  a  continuation  of  a  search  made  on  the  same  subject  in  the 
library  of  the  American  Society  of  Civil  Engineers  October  10,  1906; 
references  to  publications  by  the  American  Railway  Engineering  Asso- 
ciation are  omitted."  A  copy  of  same  is  attached  as  Exhibit  "H."  The 
former  bibliography  was  published  by  the  American  Railway  Engineering 
Association  in  Volume  8,  page  47. 

In  the  study  of  this  subject  your  Committee  obtained  from  the  same 
library  a  list  of  publications  on  "Physical  and  Chemical  Tests,  Road 
Stone,  etc.,  Especially  Weathering  Tests,  Abrasion  Tests,  etc.,"  dated 
November  22,  1917,  copy  of  which  list  is  attached  as  Exhibit  "I." 

Your  Committee  recommends  that  no  other  changes  lit-  made  in  the 
Physical  Tests  of  Stone  for   Ballast   previously  adopted. 
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Natural       chert 
has  much  clay  and 
is  not  used.  Wash- 
ed iron  ore  chert  is 

delivered  by  min- 
ing companies. 
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Exhibit  H. 

BIBLIOGRAPHY    ON    BALLAST    AND    BALLASTING. 

Note:  This  is  not  a  complete  bibliography;  it  is  a  continuation  of 
a  search  made  on  the  same  subject  in  the  Library  of  the  American  So- 
ciety of  Civil  Engineers,  October  10,  1906;  references  to  material  pub- 
lished by  the  American  Railway  Engineering  Association  are  omitted. 

1894 — Cross-sections  of   railway  roadbeds. 

Eng.  News,  v.  32,  p.  196,  Sept.  6,  1894. 

1898 — Oil  sprinkling  car,  Long  Island  Railroad. 
R.  R.  Gaz.,  v.  30,  p.  309,  Apr.  29,  1898. 
A  car  for  sprinkling  ballast,  to  keep  down  the  dust. 
Abst,  Bull.  Inter.  Ry.  Cong.,  v.  12,  p.  809,  July,  1898. 
Rudeloffs    Verfahren    fiir    Untersuchungen    von    Kies    und    Stein- 
schlag  fiir  den  Eisenbahnoberbau. 

Centralblatt  der  Bauverwaltung,  v.  18,  p.  245,  May  21,  1898. 
Method  of  testing  ballast. 
Abst.,  Rudeloffs  method  of  testing  ballast. 
Bull.  Inter.  Ry.  Cong.,  p.  1068,  Sept.,  1898. 

1899— Schubert. 

Ueber  die  Vorgangc  untcr  der  Schwelle  eines  Eisenbahngleises. 
Glaser's    Annalen    fiir    Gewerbe    und    Bauwesen,    v.    44,    p.    178, 
May  1,  1899. 
On  the  roadbed  for  railroads  including  ballast. 

1906— Baldwin,  A.  S. 
Ballast. 

In  "Railway  organization  and  working,"  p.  160;  ed.  by  E.  R. 
Dewsnup. 

Chic,    1906.     Univ.   of    Chicago   Press.     $2   net. 
Clark,  C.  H. 

Ballast  for  street  railways. 
Ry.  &  Eng.  Rev.,  v.  46,  p.  810,  Oct.  20,  1906. 
Roadmastcrs  and  Maintenance  of  Way  Association. 
On  best  method  of  maintaining  the  track  for  the   tonnage  and 
speed  of  to:day.    Proc.  R.  &  M.  of  W.  Assoc,  v.  24,  p.  13  (1906). 
The  Committee  recommends  the  use  of  broken  or  crushed  stone, 
for   ballast,    durable    enough    to    resist    the    disintegrating    influ- 
ences of  the  weather  and  climate  where  it  is  used. 

1907— Buhrcr,  C. 

Cost  of  ballasting  old  track  and  renewing  tics. 
Proc.   Roadmaster  &  Maintenance  of  Way  Assoc,   v.  25,   p.   66 
(1907). 

Cost  of  ballasting  a  mile  of  track  with  unscreened  and  un- 
washed gravel  ballast,  and  cost  of  ballasting  with  crushed  lime- 
stone ;  actual  experiences. 

Abst.,  R.  R.  Gaz.,  v.  43,  p.  620,  Nov.  22,  1907. 
Grinling,  Arthur  John. 
Permanent  way,  its  construction  and  maintenance. 
Minutes,  Proc.  Inst.  Civil  Engrs.,  v.  167,  p.  333   (1907,  pt.  1). 
Discusses  bottom  and  top  ballast;  one  and  a  half  pages. 

1908 — An   air-operated   spreader  car   for   railway  and   other  work. 
Eng.  News,  v.  60,  p.  297,  Sept.   17,   1908. 

The  new  machine  has  four  important  features:  (1)  the  applica- 
tion of  compressed  air  to  effect  all  the  various  movements;  (2) 
the  use  of  a  front  plow  to  clear  material  from  the  track  in  ad- 
vance  of   the    machine;     (3)    the    means    of   adjusting   the   wing 
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braces;    (4)    the  availibility  of  machine  as  a  snow  plow  during 
the   winter,   when   an   ordinary   spreader   car   would   have  to   be 
left  idle. 
Aurbach,  R.  R. 
Track  and  ballast. 

Proc.  Iowa  Railway  Club,  Jan.  10,   1908. 
Not  verified,  as  periodical  is  not  in  the  Library. 
Hopper  ballast  car  for  Burma  railways. 
Railroad  Gaz.,  v.  45,  p.  1140,  Oct.  16,  1908. 
Description  and  plan ;  two  pages. 
Rettinghouse,  H. 
Track  and  ballast. 

Proc.  Iowa  Railway  Club,  Jan.  10,  1908. 
Not  verified,  as  periodical  is  not  in  the  Library. 
Rettinghouse.  H. 
Track  and  ballast. 

Ry.   &   Eng.   Rev.,   v.  48,   pp.    173,    175,    188,    Feb.    29;    March   7, 
1908. 

On  broken  stone  ballast,  gravel  and  sand,  cinder  and  earth. 
Schliissel,  L. 
Theorie  ct  pratique  des  voies  ferrces  futures. 
Mem.   Soc.  Ing.  Civ.  de  France,   1008,  pt.   1,  p.  355,  Mar. 
Includes  two  pages  on  ballast. 
Schneider,  A. 
Ueber  die  Tragfahigkeit  dcr  Geleisebcttung. 

Zeitschrift  d.  Oest.  Ing.  u.  Arch.  Ver.,  v.  60,  p.  470,  July  17,  1908. 
The   supporting  power  of   track   ballast,   a   mathematical   discus- 
sion. 
1908 — Standards  of  track  construction   on   American   railways. 
Eng.  News,  v.  59,  p.  607,  June  4,  1908. 

Contains    table    giving    kinds    of    ballast    used    as    standard    by 
fifty-nine   different   railroad  companies. 
1909— Blackweldcr,  Eliot. 

The  new  road  ballast  of  the  Union   Pacific   Railroad 
Wisconsin  Engr.,  v.  13,  p.  107,  Feb..  1909. 
Gives  analysis  of  material  used   for  ballast. 
Editorial. 
Ry.  and  Eng.  Rev.,  v.  49,  p.  152,  Feb.  20,  1909. 
On  ballasting  track  on  new  embankments. 
Gravel,  washed  grave)  ami  broken  stone   for  ballast.      I  Editorial  ) 
Ry.  &  Eng.  Rev.,  v.  49,  p.  333,  Apr.  10,  1909. 
Half  a  page. 
Hastings,  E.  M. 

A   gravel    washing    plant,    Richmond,    Fredericksburg    &    Potomac 
R.  R. 

Ry.  &  Eng.  Rev.,  v.  49,  p.  322,  Apr.   10,  1909. 
Gives  elevation   of   plant,   layout   of  track   and   details   of   unload 
ing  track  hopper. 
A   new   design   of   railway   track  construction 
Eng.  News,  v.  62,  p.  360,  Sept.  3d.  1909. 

D<   cribes    ■  <    system    which    eliminates    ci  and    relies   <>n 

well-rolled  hrd  of  stone  ballast   i"  carrj    the  load;  specifications 
for  ballasting  are 
Roadmastei  '  and   Maintenance  of  Way    Association. 
Report  oi  tin  Committee  on  comparative  value  of  crushi 
furnace     i.e.-.    chats,    gravel    or    burnt    gumbo   as    ballast    undei 
heavy   traffic 
I'oh    R    uid  m    .,,  w    \    .,.         27,  p   29  (1(>09). 
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States  that  in  the  Committee's  opinion,  stone  ballast,  crushed  to 

suitable  size  and  properly  screened,  is  most  suitable  and  in  final 

results ,  most    valuable    as    a   ballast    for    railroads    which    carry 

heavy  traffic  at  high  speed.     Abst,  Comparative  value  of  various 

kinds  of  material  for  ballast. 

Ry.  &  Eng.  Rev.,  v.  49,  p.  834,  Sept.  18,  1909. 
1910-Bcard,  E.  J. 

r-traversing  ballast  loader. 

Ry.  Age  Gaz.,  v.  49,  p.  743,  Oct.  21,  1910. 

I  inscription  of   a  ballast  loader  designed   for  building  the  Phil- 
ippine railways;  one  and  a  half  pages. 
Burnt  ballast  on  the  M.  K.  &  T.  Ry.     (Editorial  note.) 

Ry.  &  Eng.  Rev.,  v.  50,  p.  895,  Sept.  24,  1910. 

One  paragraph. 
1910— Editorial. 

Ry.  &  Eng.  Rev.,  v.  50,  p.  1051,  Nov.  12,  1910. 

Method  of  obtaining  beach  or  river-bed  gravel  for  railroad  bal- 
last; one  paragraph. 
The  Internation  track  ballasting  machine. 

Ry.  &  Eng.  Rev.,  v.  50,  p.  108,  Jan.  29,  1910. 

One  page,  illustrated. 
Wallace,  D.  A. 

Record  of   gravel   ballasting  using  hopper  bottom   coal  cars   on 

a  75-mile  haul. 

Eng.  Con.,  v.  34,  p.  95,  Aug.  3,  1910. 

Gives  table  of  record  of  unloading  and  unit  costs. 
1911— Bouchard,  H. 

L'Extraction  et  le  concassage  mecaniques  du  ballast  en  silex. 

Rev.  Gen.  des  Chemins  de  Fer,  v.  34,  pt.  1,  p.  333,  Apr.,  1911. 

The  extraction  and  consolidation  of  broken  flint  for  ballast;   11 

pages,  illustrated. 
The  Burv  ballast  trimmer. 

Ry.  Age  Gaz.,  v.  50,  p.  1170,  May  19,  1911. 

Full  page  elevation  and  plan,  and  brief  description. 
Cleveland,  W.  H. 

Kinks  in  rock  ballast  work. 

Ry.  Age  Gaz.,  v.  51,  p.  1226,  Dec.  15,  1911. 

Bank  widening,  ditching  with  a  spreader;  skeletoning  track;  first 

raise   on    ballast;    final    lift;    tools;    organization    of    gangs    and 

systemizing   of    work. 
Clough,  A.  M. 

Sprinkling  stone   ballast. 

Bull.  Inter.  Ry.  Cong.,  v.  25,  p.  1371,  Nov.,  1911. 
Comparison   of  methods  of  loading  gravel. 

Ry.  Age  Gaz.,  v.  51,  p.  1003,  Nov.  17,  1911. 

Four  and  a  half  pages,  illustrated. 
Gueritte,  T.   J. 

The   mechanical  installation   and   upkeep   of   permanent   way  on 

railways. 

Trans.  Soc.  of  Engrs.,  1911,  p.  258. 

Describes  a  machine  for  packing  ballast,  the  Collet  system. 
Lewis,  E.  R. 

A  collection  of  construction  kinks. 

Ry.  Age  Gaz.,  v.  51,  p.  1225,  Dec.  15,  1911. 

Contains  two  paragraphs  on  center  dump  ballast  cars. 
1911—  Mattis,  Geo. 

Screening  large  boulders   from  ballast. 

Ry.  Age  Gaz.,  v.  51,  p.  1227,  Dec.  15,  1911. 
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Describes  a  method  adopted  on  one  of  the  roads  in.  the  West ; 

half  a  column. 
New  self-discharging  hopper  ballast  car. 

Amer.  Engr.  &  Railroad  Jour.,  v.  85,  p.  48,  Feb.,  1911. 

Car  selected  from  competitive  designs  submitted  by  various  Eu- 
ropean builders,  for  the  Buenos  Aires  Western  Railway. 
A  new  type  of  self-discharging  hopper  ballasting  railway  wagon. 

Ry.  Gaz.  Lond.,  v.  50,  p.  416,  Apr.  28,  1911. 

Illustrated  description  of  cars  used  on  the  Buenos  Aires  Ry. 
Reballasting  by  contract. 

Ry.  Age  Gaz.,  v.  51,  p.  788,  Oct.  20,  1911. 

Describes  method  used  on  the  Michigan  Central  Railroad;  half 

a  page. 
Self-discharging  hopper  ballasting  railway  wago"n. 

Engineer,  v.  112,  p.  288,  Sept.  15,  1911. 

Illustrated  description  of  cars  in  use  on  the  Buenos  Aires  West- 
ern Railway. 
Wagon  tombereau  de  20-t. 

Rev.  Gen.  des  Chemins  de  Fer,  v.  34,  pt.  2,  p.  389,  Dec,  1911. 

20-ton    ballast    cars;    description    of    small    gondola    cars,    with 

four-shoe,  hand  lever-brakes,  worked  by  rachet. 
Wiener,  Lionel. 

Les  chemins  de  fcr  du  Bresil. 

Revue  Gen.  d.  Ch.  d.  Fer,  v.  34,  pt.  2,  p.  365,  Dec,  1911. 

The  ballast  of  the  majority  of   railroads   in   Brazil   is  in   earth, 

on  account  of  the  prohibitive  price  of  stone  ballast. 
1912— Clough,  A.  M. 

Handling  stone  ballast. 

Ry.  Age  Gaz.,  v.  52,  p.  1107,  May  17,  1912. 

On  a  method  tried  on  the  New  York  Central  Railroad. 
Cost  of  rock  ballast. 

Ry.  Age  Gaz.,  v.  53,  p.  314,  Aug.  16,  1912. 

Actual  cost  of  putting  in  stone  ballast. 
Goldbeck,  A.  T.,  and  Jackson,  F.  M. 

Physical  testing  of  broken-stone  ballast. 

Ry.  &  Eng.  Rev.,  v.  51,  p.  890,  Sept.  2S,  1912. 

Gives    table    of    results    <-l    tests    of    stone    used    for    ballast    on 

different  railroads. 
1912— A  gravel  washing  plant  for  railway  ballast;   structural   details   and 

methods  and  cost  of  operation. 

Eng.   Con.,  v.  37,  p.  341,  Mar.  27,   1912. 

Illustrated   description  of   a   plant   located    57   miles    from    Rich 

mond,  Va. 
Handling  stone  ballast. 

Eng.  Rec,  v.  66,  p.  318  (1912).    One  column. 
Lindsay,  C.  E. 

Keeping  stone   ballast  clean. 

Ry.  Age  Gaz.,  v.  53, -p.  1193,  1203,  free.  20,  1912 

One    and    a    half    papes;    includes    illustration    of    stone    ballast 

screen. 
Physical  tests  of  stone  ballast.     (Editorial.) 

Ry.  &  Eng.  Rev.,  v.  51,  p.  899,  S  1912 

On  the  tests  made  by  A.  T.  Goldbeck  and  I'.  M    fackson 
Stone  ballast 

Ry.  Age  Gaa,,  v.  S3,  p.  533,  Sept  20,  1912:  Ry.  \  Ena    Rca 

51,   ]».  855.   Sept.   II.    1  < 

Report  of  a  Committee  of  ib.-  Roadmaatexs  &   Maintenano 

Way  Assoc. 
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1912— Stradling,  D.  W. 

Notes    on    contract    ballasting,    Missouri    Pacific    Ry.,    including 
tables    for  calculating  volume   of   ballast   applied,   also   cost   and 
progress,  recording  forms  used. 
Eng.  Cong,  v.  37,  p.  332,  Mar.  20,  1912.     Six  pages. 
1913— Ballast  crushing  plant  of  the  El  Paso  &  Southwestern. 
Ry.  Age  Gaz.,  v.  54,  p.  1573,  June  20,  1912. 

Detailed  cost  data  for  furnishing  the  ballast  in  the  track  are 
given. 

The  Cafferty-Markle  ballast  spreader. 

Ry.  Age  Gaz.,  v.  54,  p.  355,  Feb.  21,  1913. 
Half  a  page,  illustrated. 

Clough,    A.   M. 

Placing  stone  ballast  in  one  lift.     (Letter.) 
Ry.  Age  Gaz.,  v.  54,  p.  887,  Apr.  18,  1913. 

The  purposes  of  the  system  outlined  arc,  to  haul  and  unload 
the  stone  so  that  it  will  be  put  under  the  track  the  day  on 
which  it  is  received  and  unloaded;  to  distribute  the  men  in  the 
gang  in  such  a  way  as  to  check  their  work;  to  keep  the  track 
in  such  line  and  level  at  all  times  that  slow  orders  will  not  be 
necessary;    three-quarters   of   a   page. 

Crandall,   Chas.  Lee,  and   Barnes,   Fred  Asa. 
Railroad  Construction,   p.  251. 

N.  Y.,  1913.     McGraw-Hill  Book  Co.,  239  West  39th  St.    $3. 
Contains   two   and   a   half   pages   on    ballast;    states   that   broken 
stone  is  usually  given   the  first  place  on  account  of  its  durabil- 
ity and  stability. 

1913— Editorial. 

Ry.  Age  Gaz.,  v.  54,  p.  1555,  June  20,  1913. 

On  the  influence  of  the  layout  of  a  ballast  pit  on  its  economic 

operation ;  a  quarter  of   a  page. 

Editorial  note. 

Ry.  Age  Gaz.,  v.  54,  p.  1077,  May  16,  1913. 
On  setting  ballast  stakes. 

Keyser. 

Repairing  ballast  cars. 

Railway  Age  Gaz.  (Mech.  Edition),  v.  87,  p.  608,  Nov.,  1913. 

Same.     Railway  Age  Gaz.,  v.  55,  p.  990,  Nov.  21,  1913.    One  page. 
Tie  renewals  and  ballasting. 

Railway  Age  Gaz.,  v.  54,  p.  1091,  May  16,  1913. 
1014     Bowser,  J.  T. 

Why  not  hold  to  standard  widths  of  railway  roadbed? 

Eng.  Rcc,  v.  70,  p.  379,  Oct.  3,  1914. 

Advocating  a  roadbed  on  which  ballast  can  be  retained  in  good 

condition;  one  column. 
Cleaning  stone  ballast  by  screening.     (Editorial.) 

Ry.  &  Eng.  Rev.,  v.  54,  p.  611,  Apr.  18,  1914.     One  page. 
1  Fugersville  ballast  crushing  plant  of  the  Michigan  Central. 

Ry.  Age  Gaz.,  v.  56,  p.  3S5,  Feb.  20,  1914. 

Detailed  costs   are   given. 
Harvey,  J.  C. 

Method  of  preparation  of  burnt  clay  ballast. 

Railway  Age  Gaz.,  v.  56,  p.  521,  Mar.  13,  1914. 

A   description   of    the   process   of   converting  heavy   gumbo   into 

ballast. 
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1914— Howson,  E.  T. 

Recent   developments   in   track   construction. 

Railway  Age  Gaz.,  v.  57,  p.  745,  Oct.  23,  1914. 

Contains  one  paragraph  on  ballast. 
Improved  Mann-McCann  Spreader. 

Ry.  Age  Gaz.,  v.  56,  p.  588,  Mar.  18,  1914. 
The  Lawrence  snow  and  ice  flanger  and  ballast  spreader. 

Ry.  Age  Gaz.,  v.  57,  p.  758,  Oct.  23,  1914. 

Half  a  page,  illustrated. 

.     Mahlsledt,  C. 

Obtaining  gravel   ballast  in   State  working. 

Bull.  Inter.  Ry.  Cong.,  v.  28,  p.  432,  May,  1914. 

A  report  of  a  successful  experiment  in  Germany 
O'Connor,  J. 

Organization    for   surfacing   track. 

Eng.  News,  v.  72,  p.  84,  July  9,  1914. 

Details  of  organization   for  ballasting  track;   one  column. 
Shea,  W. 

Merits  of  burnt  clay  ballast. 

Railway  Age  Gaz.,  v.  56,  p.  525,  Mar.  13,   1914. 

On  the  use  of  burnt  gumbo  ballast. 
Tamping   track  with   air  power. 

Eng.  News,  v.  72,  p.  1219,  Dec.  7,  1914. 

Describes   pneumatic    tamping   of   ballast    under   railroad   tie-    as 

tried   on   the   River    Division    (West    Shore)    of    the    New   York- 
Central  Lines. 
Weidel,  J. 

Operation   of  a  ballast   crusher  at  Coleman,  Texas. 

Railway  Age  Gaz.,  v.  56,  p.  912,  Apr.  17,  1914. 

Gives  average  cost  per  cu.  yd.  of  producing  crushed  rock;  plant 

operated  by   the   Pecos   and    Northern   Texas   Ry. 
Whitney,  H.  O. 

Operation  of  a  gravel    pit. 

Ry.  Age  Gaz.,  v.  57.  p.  7^7,  Oct.  23,  1914. 
Wishart,  J.   G. 

Forms    for  complete    rail   and   ballast   records. 
^Railway  Age  Gaz.,  v.  56,  p.  378,  Feb.  20,  1914. 

On   the   advantages   of   and   methods    for   keeping    Mich   informa- 
tion accurate  and  up  1o  date 
1915 — Ballasting  economy. 

Electric  Railway  Jour.,  v.  46,  p.  682,  Oct.  2,  1915. 

Not  verified,  as  periodical  is  not  in  the  Library. 
Blast   furnace  slag  for   railway  ballasting. 

Engineer,  v.  120,  p.  395,  Oct.  22,  1915'. 

Plan  and  side  elevation  of  plant    for  breaking   slag   for  railway 

ballast,   and  brief   description. 
Campbell,   MacRae  D. 

Portable  gravel  screening  and  washing  plant. 

Ry.  Age  Gaz.,  v.  59,  p.  345,    Kug   20,  1915. 
Church,  I!    M 

Cleaning  stone  ballast  with  screens. 

Railwaj    Vge  Gazk,  «      .\  p    1436,  June  is,  I'M.;. 

Gives  method  and  unit  co-is. 
The  economical  operation  <>i   .<  gravel  ballast  pit. 

Ry.  Age  Gaz.,  \    59,  p.  117,  July  l'.,  191 

Two  discussion!  "i  measures  for  securing  lowest  unit  ,. 


706  BALLAST. 

1915— Editorial. 

Railway  Age  Gaz.,  v.  59,  p.  107,  July  16,  1915. 

On  the  operation  of   gravel  baltast  pits. 
Evans,  John. 

Stone  ballasting  by  contract. 

Railway  Age  Gaz.,  v.  58,  p.   1436,  June  18,  1915. 

On  methods  of  the  Michigan  Central  Railroad;  one  page. 
Hadley,  E.  A. 

Construction  of  roadbed  and  track. 

Proc.  St.  Louis  Ry.  Club,  v.  20,  p.  148,  Nov.  12,  1915. 

Includes  reference  to  the  kind  of  ballast  suitable  for  the  roadbed. 
Hamilton,  P.  H. 

Characteristics  of  slag  and  chat  ballast. 

Ry.  Age  Gaz.,  v.  58,  p.   1437,  June   18,   1915. 

Three-quarters  of  a  page. 
Measuring  stresses  in  railway  roadbeds. 

Eng.  News,  v.  73,  p.  743,  Apr.  15,  1915. 

Describes   an   instrument   for  measuring  the   pressure  of   ballast 

on  roadbed  under  traffic,  devised  by  T.  R.  W.  Ambrose. 
Pegram,    George   H. 

Track  and  roadbed. 

Elec.  Railway  Jour.,  v.  46,  p.  624,  Sept.  25,  1915. 

Not  verified,  as  periodical  is  not  in  the  Librarv. 
Rench,  W.  F. 

Important  elements  in  the  maintenance  of  track. 

Ry.  Age  Gaz..  v.  58,  p.  1439,  June  18,  1915. 

Contains  half  a  page  on  ballast  cleaning. 
Results  gained  with  a  ballast  dresser. 

Railway  Age  Gaz.,  v.  59,  p.  529,  Sept.  17,  1915. 

On   the   use   of   the   Cafferty  &   Markle   ballast    dresser,    on    the 

Atchison,  Topeka  and  Santa  Fe  Railroad. 
Sellew,  William  H. 

Railway  maintenance  engineering,  p.   172. 

N.  Y.,  1915.     D.  Van  Nostrand  Company,  25  Park  Place. 

Contains  a  chapter  on  ballast. 
Smoothing  a  railway  subgrade  to  insure  good  drainage.  (Editorial.) 

Eng.  News,  v.   73,  p.  498,  Mar.    11.   1915. 

On  ballasting;  one  column. 
Stimson,  E. 

The  mechanical  life  of  ties  as  affected  by  ballast. 

Proc.  Amer.  Wood  Preservers  Assoc,  v.   11,  p.  196  (1915). 

Mentions  the  extent  to  which  some  forms  of  ballast  increase  the 

abrasive  action  of  the  rail  upon  the  tie. 

Abstracts  Eng.  Rec,  v.  71,  p.  105,  Jan.  29,  1915;  Rv.  Age  Gaz.. 

v.  58,  p.  161,  Jan.  22,  1915;  Ry.  Rev.,  v.  56,  p.  119,  Tan.  23.  1915. 
Van  Aucken,  A.  M. 

Burnt  clay  or  gumbo  ballast. 

Railway  Rev.,  v.  56,  p.  365,  Mar.  13,  1915. 

Methods  and  costs  of  burning  the  ballast  and  different  Way's  of 

using  it. 
Vaughan,  G.  W. 

The  relative  efficiency  of  various  ballast  material. 

Ry.  Age  Gaz.,  v.  59,  p.  123,  July  16,  1915. 

A  discussion  of  the   different  elements  of  cost   which   enter   into 

the  ultimate  expense  to  a  railroad. 
Willard,  William  C. 

Maintenance  of  way  and  structures,  p.  48. 

N.  Y.,  1915.     McGraw-Hill  Book  Co..  239  W'e^t  39th  St.     $4. 

Contains  a  chapter  on  ballast. 
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1916 — Ballasting  track  by  contract. 

Eng.  News,  v.  75,  p.  828,  May  4,  1916. 

Method  used  on  Missouri  Pacific  Ry. ;  two  and  a  halt  pages. 
Brown,  L.  W. 

Stone  ballast  plough,  North-Eastern  Railway. 

Jour.  Permanent  Way  Inst.,  Apr.,   1916. 

Not  verified,  as  periodical  is  not  in  the  Library. 
Construction   of   roadbed  and  track. 

Railway  Maintenance  Engr.,  v.  12,  p.  65,  Feb.,  1916. 

Relation  of  ties,  ballast  and  subgrade. 
Crushed  gravel  ballast  on  the  Rock  Island. 

Railway  Age  Gaz.,  v.  61,  p.  144,  July  28,  1916.     One  page. 
1916— Elliott,  C.  E. 

/Economical  device  for  spreading  rock  or  gravel  ballast. 

Engng.  &  Contracting,  v.  46,  p.  340,  Oct.  18,  1916. 

Device  used  by  the  Pacific  Railway  Co.  in  Southern  California. 

operating  one  thousand  miles  of  electric  interurban  lines. 
Euger,  M.  L. 

High   unit   pressures    found   in    experiments    of   vertical    loading 

through  sand. 

Eng.  Rec,  v.  73,  p.  106,  Jan.  22,  1916. 

Eng.  Con.,  v.  45,  p.   53,  Jan.   19,   1916;   Ry.  Rev.,   v.   58.  p.   129, 

Jan.  22,  1916;  Ry.  Age  Gaz.,  v.  60,  p.  321,  Feb.  18,  1916. 

The  results  and  experiences  gained  have  been   found  helpful   in 

planning  the  more   elaborate   system   of   experiments,   being  con- 
ducted at  the  University  of  Illinois  by  the  Joint   Committee   on 

Stresses  in  Railroad  Track. 
Van  Auken,  K.  L. 

Track  maintenance;   ballasting  and  surfacing. 

Railway  Rev.,  v.  59,  pp.  379,  696,  Sept.  16,  Nov.  18,  1916. 

Preparation    of   grade,    type   of    ballast    cars,    unloading    ballast, 

surfacing,   etc. 
1917 — Cleaning  stone  ballast  on  the  New  York  Central  R.  1\. 

Railway  Rev.,  v.  60,  p.  90,  Jan.  20,  1917. 

Not  verified,  as  periodical  is  at  the  binders'. 
Dike,  E.  R. 

Temporary  unloading  trestle   to   facilitate  handling   of   ballast. 

Elec.  Railway  Jour.,  v.  49,  p.  257,  Feb.  10.  1017. 

One  column,  illustrated. 
Double-track  work  on  a  busy   section  of  t lie   Eric   Railroad 

Eng.  News,  v.  77,  p.  227.  Feb.  8,  1017. 

Contains  a  paragraph  on  ballasting. 
Van  Auken,  Kenneth  L. 

Track  drainage. 

Proc.   Western   Ry.   Club,   Feb.    1".    1017 

How  to  prevent  subsidence  of  the  ballast  into  the  subgrade ;  not 

verified,   as   periodical    is    not    in    tbe    Library. 


Exhibit   I 

BIBLIOGRAPHY  ON  PHYSICAL  AND  CHEMICAL  TESTS  OF 
BALLAST,  ROAD  STOXE,  ETC.— ESPECIALLY  WEATHER- 
IXC   TESTS,   ABRASION  TEST,   ETC. 

1897 — Rudeloft's  method  of  testing  ballast   for  railroad  permanent  ways 

Mittl.   Kgl.  Techn.   Versuchanstalten   zu  Berlin,  1897.  p.  279. 

Bull.   Inter.   Railway  Congress,  1898,  Sept.,  p.  1068. 

Min.   Proc.   Inst.   Civil   Engrs.,   1897-1898,  part  2,  vol.   132,  p.  423. 
Whittle,  C.  L. 

Forces    which    operate    to    destroy    roads,    with    notes    on    road 

stones   and  problems  connected  therewith. 

1897,  7  pp. 
1902 — New  York   Central   &   Hudson   River   Railroad,   General    Specifica- 
tions  for  Grading  and  Masonry,   Tan.,  1902,  p.  15. 

New   York,   1902,  Grand   Central   Station. 
Improvements   in   tests  of  macadam  materials. 

Engng.  Record,  1902,  Apr.   10,  vol.  45,  p.  365. 
1"<>3 -Hermann,  E.  A. 

Stone  ballast. 

Engng.  News,  1903,  Dec.   17.  vol.  50.  p.  ^2. 
Page,   L.    W.;   and   Cushman,    A.    S. 

The  testing  of  road  materials. 

U.  S.  Bureau  of  Chemistry,  Bull.  No.  79,  Wash.,  1903. 
Page,  I..   \\'.,  and  Cushman,  A.  S. 

The  U.  S.   road  material  laboratory;  its  aims  and  methods. 

Proc.   Amer.   Soc.   for  Test.   Materials.   1003,  vol.   Ill,  pp.  293-307. 
1904 — Report  of  Committee  H  on  standard  tests   for  road  materials. 

Proc.   Amer.   Soc.  Testing  Mat.,   1904,  vol.  IV,  pp.   193-194. 

Proc.  Amer.  Soc.  Testing  Mat.,  1905,  vol.    V,  pp.   102-103. 

Proc.   Amer.   Soc.  Testing  Mat.,   1906,  vol.  VI,  pp.  82-84. 
I  >wen,  J. 

Highway  construction   in   the  United   States. 

Trans.  Amer.  Soc.  Civil  Engrs.,  1904,  vol.  54,  part  F,  pp.  105-116. 
1905 — Third  Annual  Report  of  the  State  Board  of  Public  Roads  of  the 

State  of  REode  Island,  Jan.,  1905,  p.  26.     Providence,  R.  I.,  1905. 

Table  showing  results  of  laboratory  tests  on  Rhode  Island  rocks. 
1006     Baldwin,   A.   S 

In   "Railway  organization   and   working,"   p.   160,   Ballast. 

Ed.  by  E.  R.  Dewsnup,  Chicago,  1906. 

University  of  Chicago  Press.     $2  net. 
Cushman,  A.  S. 

The   development    of    tin    test    for   the   cementing   value   of    road 

material. 

Min.  Eng.,  1906,  Dec,  vol.  XXXI,  p.  460. 

Abst.    from   Proc.   Amer.    Soc.   for  Testing  Materials,    1906,   vol. 

VI,  pp.   525-31    (tests  made  by  L.  W.  Page  in  co-operation  with 

the   Massachusetts   Highway   Commission). 
Gillette,  H.   P. 

Economics    of    road   construction. 

2d  Ed.,  New  York,   1006.     Engineering  News  Publ.  Co.     $1. 
Wormeley,  P.  L.,  Jr. 

Notes  "ii  the  hardness  and  abrasion  tests  of   road  materials. 

Proc.  Amer.  Soc  Testing  Mat.,  1906,  vol.  VI,  pp.  532-536. 
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1907— Grinling,  A.  J.  . 

Permanent  way,  its  construction  and  maintenance. 

Min.    Proc.    Inst.    Civil    Engrs.,    London,    1907,   Part    I,   vol.    167, 

p.  333. 
Lord,  E.  C.  E. 

Examination    and   classification   of    rocks    for    road   budding,    in- 
cluding the  physical  properties  of   rocks   with   reference  to  their 

mineral  composition  and  structure. 

U.  S.  Office' of  Public  Roads,  Bull.  No.  31,  Wash.,  1907. 

Min.  Engng.,  1907,  Oct.,  vol.  XXXIII,  p.  258. 
1908— Standard    toughness    test    for    macadam    rock.      Standard    abrasion 

test  for  road  material. 

Proc.  Amer.  Soc.  Testing  Mat.,  1908,  vol.  VIII,  pp.  197-200. 
Standards  of  track  construction  on  American  railways. 

Engng.  News,  1908,  June  4,  vol.  59,  p.  607. 
Track  and  ballast. 

R.  R.  Gazette,  1908,  Mar.  13,  vol.  44,  p.  363. 
Greenman,  R.  S. 

The   acceptance   of   stone    for   use   on    roads   based    on    standard 

tests. 

Engng.  Rec,  1908,  July  11,  vol.  58,  p.  44. 

1908— Quimby,  H.  H. 

Shearing  values  of  stone  and  concrete. 

Proc.  Amer.  Soc.  Testing  Mat.,  1908,  vol.  VIII,  pp.  494-99. 
Rettinghouse,  H. 

Track  and  ballast. 

Railway  &  Engng.  Rev.,  1908,  vol.  48,  pp.   173,  175,  188. 
Schneider,  A. 

On  the  supporting  power  of  track  ballast. 

Zeits.    Oesterr.   Ing.   u.    Architckten    Vereins,    1908*    July    17,    vol. 

60,  p.  470. 
Tratman,   E.    E.   R. 

Railway  track  and  track  work. 

3d  Ed.,  1908.     Engng.  News  Publ.  Co.     $3.50  riet. 
1909— Road  materials  and  some  simple   rules    lor  testing   them. 

Engng.  Contract.,  1909,   Sept.  1,  vol.  XXXI I,  p.   1X4 

Engng.  Record,  1909,  July  31,  vol.  60,  p.   120. 
Roadmaster.-,'   and   Maintenance  of   Way   Association. 

Report  of  the  Committee  on  comparative  value  oj   crushed  stone, 

furnace    slag,    chats,    gravel    or    burnt    gumbo    as    ballast     under 

heavy  traffic. 

Proc.  R.  &  M.  of  W.  Assoc,  1909.  vol.   XX  VI  I.  p,  29. 

Railway  &  Engng.  Rev.,  1909,  Sept.   IS.  ypl,  49,  p.  834. 
Blackwclder,   E. 

The  new  road  ballast   of   U.  P.  R. 

Wisconsin    F.ngr.,    1009,    Feb.,   vol.   XIII,   p.    107. 
19-10    Stone  for  macadamized  roads  in  I. us  A.ngel< 

Engng.   News,   1910,  July  14,  vol.  <>4,  p.  5". 
Armstrong,  A.   F. 

Testing  materials   for  use  in  highwaj   constructipn. 

Cornell  d\il  Engn,  l«;io,  Oct.,  vol.  XIX,  p.  10. 
Fletcher,    \    r.. 

Road  materials  and  sunn-  simplq  rules   for  testing  them 

Canad   Engr.,  1910,  June  16,  vol    18,  p   612. 
1'Mi     Experiments  on   the   Pennsylvania  R.   R.   to  determine  the  propei 

depth   ol    stone    ballast    .nnl    tin-    \.ilue   of    SUD-talUkSt 

Engng.  News,  1911,    Ug   24,  vol.  <><>.  p.  228. 
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1911 — Granite  pavement. 

Min.  Eng,  1911,  Apr.,  vol.  40,  p.  377. 
Road  construction  and  maintenance,  an  informal  discussion. 
Trans.  Amer.  Soc.  Civil  Engrs.,   1911,  vol.   7i,  pp.  92-133;   1912, 
Dec,  vol.  75,  pp.  576,  580,  583. 

1912 — The  freezing  test  of  stone. 

Canadian  Engr.,  1912,  Dec.  5,  vol.  XXIII,  p.  833. 

The  physical  properties  of  rock  for  road  building. 
Engng.  Contract.,  1912,  Aug.  7,  vol.  38,  p.  151. 
(Tests  made  at  the  U.  S.  Office  of  Public  Roads.) 

Physical  testing  of  broken  stone  ballast. 
Railway  &  Engng.  Rev.,  1912,  Sept.  28,  vol.  52,  p.  890. 

State  of  New  York:    Report  of  the  State   Commission  of    High- 
ways, transmitted  to  the  Legislature  Feb.   15,   1912,  p.  418.     Al- 
bany, 1912. 
Results  of  tests  on  road  building  stone  in  New  York  State. 

Standard  abrasion  test  for  road  material. 
Proc.  Amer.  Soc.  Testing  Mat.,  1912,  vol.  XII,  pp.  334-335. 

Stone  ballast. 
Railroad  Gazette,  1912,  Sept.  20,  vol.  53,  p.  533. 

Goldbeck,  A.  T.,  and  Jackson,  F.  M. 
Physical  testing  of  broken-stone  ballast. 
Railway  &  Engng.  Rev.,  1912,  Sept.  28,  vol.  51,  p.  890: 
Elec.  Rainway  Jour.,  Nov.  30,  1912,  vol.  40,  p.  1118. 

Siefer,  F.  M. 
Ballasting  with  lava  deposits. 
Engng.  Record,  1912,  Jan.  27,  vol.  65,  p.   100. 
1913 — Specifications    for  granite  block  paving. 

Proc.  Amer.  Soc.  Municipal   Improw,   1913,  vol.  20,  p.   140. 

Page,  L.  W. 

Relation   between    the    tests    for   the    wearing   qualities    of    road- 
building  rocks. 

Proc.  Amer.  Soc.  Testing  Mat,  1913,  vol.  XIII.  pp.  983-995. 
1914 — Report   of    Committee    D-4   on    standard    tests    for    road    materials. 
Proc.    Amer.    Soc.    Testing    Mat.,    1914/1,    vol.    XIV,    pp.    374- 
377;  378.  379-380,  381-382. 

Proposed  provisional  test  for  the  determination  of  the  apparent 
specific  gravity  of  rock.  Proposed  provisional  te^t  for  the  de- 
termination of  the  absorption  of  water  per  cubic  foot  of  rock. 
Proposed  provisional  method  for  making  a  mechanical  analysis 
"i  broken  stone  or  broken  slag. 
1914— Crosby,  \Y.  \Y. 

Testing  granite  paving  block-. 

Municip.  Jour.,   1914,  July    16,   vol.    XXXVII,   p.   78. 

Lichtner,  W.  O. 

A  simple  compression  machine   for  testing  structure  materials. 
Proc.  Amer.  Soc.  Testing  Mat.,  vol.  14/11,  pp.  535-540. 
1915 — Report   of   Committee   D-4  on    standard   tests    for   road   materials. 
Proc.  Amer.  Soc.  Testing  Materials,  1915,  vol.  XY/I,  pp.  325-331. 

Gates,  A.  O. 

Kick  vs.   Rittingcr:   an  experimental  investigation  in   rock  crush- 
ing, performed  at   Purdue  Universitv. 

Trans.    Amer.    Inst.    Min.    Engrs.,    Bull.    No.    105.    1°15,   pp.   2023- 
2051. 

Rodgers,  M.  K. 
Standardizing  rock  crushing  tests. 
Trans.  Amer    [nfet.   Min.   Kngrs.,  Bull.  No.  105,  1015,  pp.  2053-2055. 
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1915— Willard,  W.  C. 

Maintenance  of  way  and  structures. 

1915,  McGraw-Hill  Book  Co.,  pp.  48-66. 
1916 — Methods    for    determination    of    the    physical    properties    of    road- 
building  rock. 

U.  S.  Dept.  Agr.,  Bull.  No.  347,  Mar.   17,  1916. 
Tentative    form    of    specifications    for   certain    commercial    gravels 

of  broken  stone. 

Proc.  Amer.   Soc.  Test.  Mat.,  1916,  vol.   16/1,  p.   548. 
1917 — Standard  specifications  for  road  materials. 

Surveyor  &  Mun.   &  Countv  Engr.,   1917,  vol.   51,   No.    1310,   pp. 

206-208. 
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(2)     BALLAST    SECTIONS,    WITH    PARTICULAR    REFERENCE^ 

TO  SUB-  AND  TOP-BALLAST. 

R.  C.   White,  Chairman,  Sub-Committee. 

Your  Committee  made  a  composite  drawing  of  the  ballast  sections 
of  ten  principal  roads  as  shown  on  following  page.  More  ballast  sections 
would  have  been  included  except  that  the  additional  sections  seemed  to 
the  Committee  to  confuse  the  drawing  rather  than  clarify  it. 

Through  this  composite  drawing  was  drawn  in  red  the  outlines  of 
the  Class  A  track  sections  recommended  by  the  Committee  for  24  inches 
of  ballast  to  indicate  to  the  members  of  the  Association  how  the  pro- 
posed  new    section  compares  with  other  sections  now  in  use. 

Your  Committee  feels  that  the  Class  A  section  should  have  24  inches 
of  ballast  under  the  tic  as  compared  with  12  inches  shown  in  the  1915 
Manual,  page  55. 

To  agree  on  all  the  points  at  one  time  is  rather  difficult  and,  there- 
fore, the  Committee  divided  the  section  into  its  parts  in  the  following 
diagram   for  the  purpose  of  reaching  a  conclusion  on  each  part  separately. 

CoNCLUSIOXS. 

Your  (Yunmittee  recommends  the  ballast  cross-section  as  shown  on 
page   714  lie  adopted    for  "Class   A   track   with   24  inches  of  Ballast." 
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Appendix   E. 

SPECIFICATIONS  FOR  STONE  BALLAST. 

pennsylvania  lines  west  of  pittsburgh. 

Inspection. 
Access  to   Works. 

1.  Inspectors  representing  the  Purchaser  shall  have  free  entry  to 
the  works  of  the  manufacturers  at  all  times  while  the  contract  is  being 
executed,  and  shall  have  all  reasonable  facilities  afforded  them  by  the 
manufacturer  to  satisfy  them  that  the  ballast  is  being  furnished  in  ac- 
cordance with  the  terms  of  these  specifications. 

Place  for  Tests. 

2.  Such  tests  as  are  deemed  necessary  shall  be  made  at  a  Testing 
Laboratory  selected  by  the  Purchaser,  but  visual  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment  a^  often  as  con- 
sidered necessary. 

Defect  Found  After  Delivery. 

3.  As  it  is  impracticable  to  inspect  all  the  ballast  loaded  in  cars, 
carloads  of  defective  material  arriving  at  the  site  for  unloading,  and 
not  previously  inspected,  shall  be  rejected  and  returned  to  the  manufac- 
turer, who  must  pay  the  freight  charges  both  ways. 

Material. 
Kind. 

4.  The  kind  of  material  which  shall  be  used  for  making  stone  bal- 
last shall  be  "trap  rock"  and  "limestone." 

Physical  Requirements. 
Physical   Qualities. 

5.  Tests  shall  be  made  to  determine : 

(a)  Weight. 

(b)  Water  Absorption. 

(c)  Percentage  of  Wear. 

(d)  French  Coefficient  of  Wear. 

(e)  Hardness. 

(f)  Toughness. 

(g)  Cementing  Value, 
(h)  Crushing  Strength. 

Method  of  Testing. 

6.  The  physical  qualities  shall  l>e  determined  by  the  standard  "Meth 
ods  for  the  Determination  ot"  the  Physical  Properties  of  Road-buildinfi 
Rock"  (Bulletin  No.  347)  of  the  United  States  Department  <>f  Agricul- 
ture, Office  of  Public  Roads  and  Rural  Engineering,  with  the  addition 
of  compression  test  adopted  for  stone  ballast  tests  by  tin-  American 
Railway  Engineering  Association. 

Pieces  for  Testing. 

7.  'I'll'  ■!'  criptiofi  oi  tin  pi'..-  required  tot  ;i  single  test  i*  as 
follows : 

(a)  For  "Weight,"  a  fragment  <>t  tin-  rock  weighing  approximated 
10  grams   (0.35  oz.)   and  representing  as  nearly  :»<;  possible 
an  average  of  tb<-  entire  sample 
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(b)  For  "Water  Absorption^'  the  same  test  pieces  as  in  (a). 

(c)  For   "Percentage   of   Wear,"   5  kg.    (11    lbs.)    of    freshly  broken 

fragments  of  stone  6.33  mm.  (%  inch)  and  12.7  mm.  (Yi 
inch)  in  size,  numbering  about  50  pieces,  but  not  exceeding 
60,  nor  being  fewer  than  40  pieces. 

(d)  For  "French  Coefficient  of  Wear,"  no  extra  sample. 

(e)  For  "Hardness,"  a  piece  of  solid  rock  from  which  a  cylindrical 

core,  perpendicular  to  the  bedding  plane  of  the  rock,  25  mm. 
(0.98  inch)  in  diameter  and  about  10  cm.  (3.94  inches)  long 
can  lie  cut   with  a  diamond  core  drill  and  laced  off. 

(f)  For  "Toughness,"  a  piece  of  solid  rock  from  which  a  cylindrical 

core  perpendicular  to  the  bedding  plane  of  the  rock,  25  mm. 
x  25  mm.  (0.98  inch  x  0.9S  inch)  can  be  cut  with  a  diamond 
core  drill,  and  the  ends  ground  plane. 

(g)  For  "Cementing  Value,"   '/_•  kg.    (1.1   lbs.)   of  stone  which  can  be 

crushed  to  pea  size, 
(h)    For  "Crushing   Strength,"   a   piece   of    solid   rock   from  which   a 
cylinder   50.S   mm.  x  50.8   mm.    (2  inches  x  2   inches)    can   be 
cut  by  means  of   a  diamond  core  drill,  and  accurately   faced 
off  on  each  end. 

Temperature  of  Test   Pieces. 

8.  The  temperature  of  the  test  pieces  shall  be  between  5  and  40 
degrees  Centigrade   (41  and  104  degrees  F.). 

Physical   Values. 

9.  Other  things  being  equal,  the  ma.vi»iu»i  or  minimum  results,  as 
indicated,  will  govern  in  selecting  stone  for  ballast,  the  figure  named 
being   the  limit : 

Trap.      Limestone. 

(a)  A  minimum  "Weight  per  Cubic  Foot*'  in  pounds        ISO  160 

(b)  A  maximum  "Absorption    of    Water    per    Cubic 

Foot"  in  96  hours,  in  pounds 0.35  2.20 

(c)  A  maximum  "*Percentage   of    Wear"   of 2.00  5.00 

(d)  A  minimum  "French    Coefficient    of    Wear"    (40 

divided   by    Per  Cent,   of   Wear)    of 20  X 

(e)  A  minimum  "fCoefficient  of   Hardness"   of IS  14 

(  l  )   A  minimum  "^Toughness"    of     21 

(g)   A  maximum  ""Cementing  Value"  of    10  75 

(h)   A  minimum  "Crushing    Strength   in    Pounds   per 

Scpiare   inch"   of    25,000  10,000 

*Thc  test  pieces  in  Clause  7-(c),  after  thorough  drying,  are  placed 
in  Deval  cast  iron  abrasion  cylinders,  20  cm.  (7"/s  inches)  in  diameter, 
which  are  revolved  at  the  rate  of  30  revolutions  per  minute  for  10,000 
revolutions  for  each  test,  after  which  the  stones  are  thoroughly  washed, 
dried  and  weighed,  and  the  percentage  of  dust  or  detritus  by  weight 
that  will  pass  through  a  screen  with  a  1.6  mm.  (iV  inch)  mesh  is  con- 
sidered  tin-   percentage   of   wear. 

f  The  test  piece  in  Clause  7-(e)  is  subjected  to  the  grinding  action 
of  crushed  quartz  sand,  not  more  than  5  per  cent,  of  which  will  be 
retained  on  a  No.  30  sieve  and  not  more  than  25  per  cent,  of  which 
will  pass  a  No.  40  sieve,  fed  upon  a  revolving  steel  disk  against  which 
the  test  piece  is  held  perpendicularly  with  a  pressure  of  1250  grams 
(2.8  lbs.  I.  When  the  disk  has  made  1000  revolutions,  at  the  rate  of  3'l 
per  minute,  the  loss  in  weight  of  the  sample  is  determined  and  the  test 
repeated  with  the  specimen  reversed,  and  an  average  of  the  loss  in 
weight  taken.     The  Coefficient  of  Hardness  is  expressed  by  H  =  20 — yj 
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w,  in  which  w  represents  the  loss  in  weight  of  the  specimen  stated  in 
grams  per  1000  revolutions. 

$The  test  piece  in  Clause  7-(i),  after  drying,  is  held  on  an  anvil 
in  the  Page  impact  machine,  like  a  miniature  pile  driver,  under  a  plunger 
with  sphere-shaped  striking  surface  of  1  cm.  (0.39  inch)  radius,  which 
is  struck  by  a  hammer,  when  released,  weighing  2  kg.  (4.4  lbs.).  The 
test  begins  with  a  1  cm.  (0.39  inch)  fall  of  the  hammer  for  the  first 
blow,  and  continues  with  an  increased  fall  of  1  cm.  for  each  succeeding 
blow  until  the  test  piece  fails,  the  number  of  blows  and  the  height  being 
the  same  and  representing  the  toughness  of  the  rock. 

°  The  test  pieces  in  Clause  7-(g),  with  18  per  cent,  of  water,  are 
given  5000  revolutions,  at  the  rate  of  30  per  minute,  in  a  ball  mill  which 
contains  two  steel  shot  weighing  9.07  kg.  (20  lbs.)  each,  and  the  result- 
ing dough  is  then  made  into  6  cylindrical  briquettes  2?  mm.  (0.98  inch) 
in  diameter  and  25  mm.  in  height,  and  formed  under  a  pressure  of  132 
kg.  per  square  cm.  (1877.5  lbs.  per  square  inch),  after  which  they  are 
allowed  to  dry  20  hours  in  air,  4  hours  in  a  hot-air  bath  at  100°  C. 
(212°  F. )  and  then  cooled  for  20  minutes  in  a  dessicator.  and  immedi- 
ately tested. 

The  low  end  of  a  y2  kg.  (1.1  lb.)  flat  end  plunger  is  pressed,  by 
means  of  two  spiral  springs,  upon  the  briquette  standing  on  the  anvil, 
after  which  it  is  struck  by  a  1  kg.  (2.2  lb.)  hammer  60  blows  per 
minute,  operated  by  a  cam  whose  rise  is  such  as  to  give  an  effective 
drop  of  1  cm.  (0.39  inch)  to  the  hammer,  and  each  blow  recorded  on 
a  drum  which  makes  a  complete  revolution  in  100  revolutions  of  the  cam. 

The  number  of  blows  necessary  to  destroy  the  resilience  of  the 
briquette,  so  that  no  reaction  is  recorded  on  the  drum,  is  the  measure 
of  the  cementing  value  of  the  rock,  the  average  of  five  determinations 
being  taken. 

Acceptance   Requirements. 

10.  (a)  Tests  may  be  made  from  time  to  time  at  the  option  of  the 
Purchaser,  and  especially  when  new  strata  arc  being  opened  up  for 
crushing  into  ballast. 

(b)  Each  stratum  of  a  quarry  shall  be  tested  separately  and  not 
averaged  with  any  other  stratum. 

(c)  For  obtaining  the  values  for  physical  tests  in  Section  9,  the 
average  results  on  tin  numbers  of  specimens  stated  in  the  following 
table  shall  be  taken  : 

Percent-  Cement- 

Kind  of  Tests  Vbsorp-ageof   Hard-      Tough-     ing       Crushing 

WCigbt.     tion.     Wear.     ness.        ness,      Value,    Strength 
Numbers  of  Tests.      5  5  2  5  10  10  5 

(d)  1 1  the  rock  from  a  quarry  or  from  any  single  stratum  in  a 
quarry  should  nol  meet  all  the  requirements  in  one  or  more  kinds  oi 
tests,   the    Purchaser   may   accept    the   producl    if   he  considers   thai    tin 

quality    values    of    the    Other    kinds    of    tests    are    predominant. 

(e)  It  is  expected  thai  only  such  ballast  .is  will  fulfill  all  tin 
terms  of  tin  specifications  will  I"-  shipped,  unless  a  written  ordci  f 
exception  shall  have  been  given  by  the  Purcha 

Details  ok  m  \  vi  i.  \,  n  ri 
Size. 

11.  (a)  Stone   ballasl   musl    be  crushed  oi    broken,   as   far   as   poa 
lible,  into  uniform  cubes  thai   will  pass  in   any   position   through  a 
inch  ring,  and  will  not  pass  through   i  1  inch  Mi 
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(b)  If  the  screen  is  of  such  shape  that  slabs  longer  than  2}i 
inches  drop  through  the  meshes,  the  manufacturer  must  have  them 
broken  by  hand  at  the  place  of  loading. 

Cleaning. 

12.  The  ballast  >hall  be   free  from  dirt,  dust  or  rubbish.     When  the 
rock  is  of  such  a  nature  that  it  does  not  become  clean  without  prelim- 
inary '-crubbing,  a  scrubbing  machine  shall  be  provided  at  the  quarry- 
Unit  of  Quantity. 

13.  Stone   ballast   will   be   ordered   and   paid    for   by  the  net   ton,   in 
carload  lots. 


Issued 
Jan.    21,  1910. 

Revised 
Nov.    9,  1917. 
Jan.      1,  1918. 


<  bit  i  Engineer  M.  of  W.,  South  West  System. 
Chief  Engineer  M.  of  YV.,  North  West  System. 
Chief    Engineer    M     of    W.,    St.    Loui<    System. 


REPORT  OF  COMMITTEE  VIII— ON  MASONRY. 

F.  L.  Thompson,  Chairman;  J.  J.  Yates,  1' ice-Chairman ; 
R.  Armour,  Noah  Johnson, 

John  C.  Beye,  M.   S.  Ketchum, 

G.  E.  Boyd,  W.  M.  Kinney, 
H.  A.  Cassil,  W.  S.  Lacher, 
C.  S.  Coe,  A.  E.  Owen, 

T.  L.  Condron,  W.  M.  Ray, 

J.  K.  Conner,  C.  P.  Richardson 

C.  S.  Davis,  G.  H.  Scribner,  Jr., 

J.  L.  Harrington,  F.  P.  Sisson, 

W.  K.  Hatt,  J.  E.  Smith, 

L.  J.  Hotchkiss,  Job  Tuthill, 

Richard  L.  Humphrey,  B.  A.  Underwood, 

Committee. 

To  the  American  Railzvay  Engineering  Association: 

Your  Committee  on  Masonry  during  the  past  year  held  two  meet- 
ings of  the  whole  Committee  at  Chicago,  one  on  December  4,  1917,  the 
other  January  22,  1918.  Meetings  of  the  various  Sub-Committees  were 
held  at  different  times  during  the  year.  The  meetings  were  not  as  well 
attended  this  year  as  last,  mainly  on  account  of  the  war. 

The  following  Sub-Committees  were  appointed  to  deal  with  the 
subjects  assigned  by  the  Board  of  Direction: 

Sub-Committee  (1) — Make  critical  examination  of  the  subject-matter 
in  the  Manual,  and  submit  definite  recommendations  for  changes. 

M.  S.  Ketchum,  Chairman;  H.  A.  Cassil,  A.  E.  Owen,  YV.  M.  Ray. 

Report  on  this  subject  is  given  in  Appendix  A. 

Sub-Committee  (2)  —  (a)  Report  on  cost  and  method  of  constructing 
concrete  piles  and  make  recommendations  on  how  and  where  to  be  used. 

(b)  Present  additional  typical  designs  for  concrete  piles  for  dif- 
ferent loading  and  rules  for  driving  under  various  conditions  am! 
loading. 

C.  P.  Richardson,  Chairman;  John  C.   Beye,  C.  S,  Coe,  C    S.   Davis, 

F.  P.  Sisson. 

Report  on  ih\>  topil    appears  in   Appendix  B. 

Sub-Committi  >    |  .^  i     Continue   study  of  typical   designs  of    founda 
tions    for   piers,   abutments,    retaining    walls    and   arches    in    various    goits 
and  depth  of  water  (not  including  pneumatic  foundations.) 

J.  J.   Yates,  Chairman;   K.    Armour,    I     I      Harrington,   Richard    I 
Humphrey,  J.  E.  Smith. 

Report   on  this   subjed   i1-  given   in   Appendix  C. 
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Sub-Committee  (4) — Report  upon  the  wisdom  of  the  use  of  blast 
furnace  slag  in  reinforced  concrete  work,  taking  into  special  considera- 
tion its  probable  duration. 

\V.  S.  Lacher,  Chairman;  T.  L.  Condron,  J.  K.  Conner,  \V.  K.  Hatt, 
Noah  Johnson. 

In  Appendix  D  a  report  is  made  on  this  subject. 

Sub-Committee  (5)— Report  on  designs  and  recommended  specifica- 
tions for  construction  of  concrete  culvert  pipe. 

Job  Tuthill,  Chairman;  L.  J.  Hotchkiss,  W.  M.  Kinney,  G.  H.  Scrib- 
ner,  Jr..  P>.  A.   Underwood,  G.  E.   Boyd. 

Appendix  E  contains  a  report  on  this  subject. 

SUGGESTIONS  EOR  FUTURE  WORK. 

1.  Preparation  of  new  specifications  for  plain  and  reinforced  con- 
crete and  steel  reinforcement. 

2.  An  investigation  of  different  methods  of  depositing  concrete 
under  water  and  disintegration  of  concrete  and  corrosion  of  reinforcing 
material  in  connection  with  use  of  concrete  in  sea  water. 

3.  Preparation  of   specifications   for  slag  concrete. 

Respectfully  submitted, 

The  Committee  on  Masonry. 


Appendix   A. 

(1)     REVISION   OF  MANUAL. 

M.  S.  Ketchum,  Chairman,  Sub-Committee. 

The  Sub-Committee  on  Revision  of  Manual  have  the  following 
recommendations   to   make : 

To  the  Classification  of  Masonry  on  page  247  should  be  added  under 
the  column  headed  "Dressing,  Face  or  Surfaces,"  the  different  finishes 
of  concrete,  viz.,  spaded, '  rubbed,  faced,  unfaced,  washed,  acid  treated, 
sand  blast,  tooled.  This  should  be  placed  opposite  "Bridge  and  Retaining 
Wall  and  Arch."     Opposite  "Culvert"  "spaded"  should  be  placed. 

On  page  248  the  definitions  should  be  changed  to  agree  with  the 
definitions  given   in   the  adopted   Specification-   for   Cement. 

On  page  249  under  "Dressing"  the  definitions  of  concrete  surface 
finishes  as  follows  should  be  added : 

Spaded    Finish. — Having    surface    formed   by   spading   coarse    aggregate 

back  from  the  form  into  the  mass  concrete,  so  as  to  bring  a  surface 

of  mortar  next  to  the  form. 
Rubbed  Finish. — Having  surface  treated  by  rubbing  with  Carborundum 

or  Cement  Bricks,  or  Wooden  Floats  to  remove  all  form  marks  and 

irregularities. 
Faced  Surfaces. — Having  surface  formed  by  placing  a  special  aggregate 

not  less  than  one  inch  next  to  the   forms  and  contiguous  with  the 

body  concrete. 
Unfaced   Surface.     Having   surface   formed  l >>    careful   grading  of   tbe 

entire  mass   mixture   and   spading   mixture   to   prevent   voids   leaving 

the  coarse  aggregate   next   to   the   forms. 
Washed  or  Scrubbed  Finish.    Having   surface   formed  by   rubbing  or 

scrubbing  to   expose    the  aggregate. 
Acid   Treated    Finish.-    Having    surface    formed    by    dissolving    cement 

with  acid  together  with  scrubbing  to  expose  the  aggregate. 
Sand  Blast  Finish.-    Having  surface   formed  by  the  wearing  effect  of 

tbe  sand  blast. 
Tooi.kd  Finish.— Having  surface  formed  by  dressing  with  bush  hammer, 

crandall  or  oth<  r  desired   tool  to  a  uniform   depth  and  finish. 

Page  252  should  diou  after  Masonry  Specifications  the  new  Specifi- 
cations for  (  mil  hi  in  accordance  with  Supplement  to  the  Manual,  Vol. 
19,  No.  197,  July,  1917. 

Page    281,     Specifications     for     Plain     ami     Reinforced     Concrete    and 

Steel  Reinforcement,  need  revision,  The  Committee  recommends  that 
the  matter  of  preparing  a  new  specification  be  referral  to  a  Sub-Commit- 
tee for  next  year's  work. 

Page  293,  Method  of  Depositing  ("mi. if  under  water,  and  pa^r 
294,  Disintegration  of  Concrete    and  Corrosion  "t   Reinforcing  Material 
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The  Committee  recommends  that  this  subject  be  taken  up  by  a  Sub- 
<  ommittee  in  connection  with  the  general  subject  of  the  use  of  concrete 
in  sea-water.  UR 

u  £*?  ^  !CCti°n  CntitIed  "Monolithic  Construction"'  on  page  292 
should  be  added  the  adopted  report  on  design  of  retaining  wallf  Vol 
19,  No.  197  July,  1917.  After  this  and  before  "Waterproofing  or  Ma- 
sonry should  be  placed  the  subject  'Adopted  Specifications  for  Surface 
Finish  of  Concrete,"  Vol.   19,  No.  197,  July,   1917. 


Appendix    B. 


(A) 


(B) 


REPORT  ON  COST  AND  METHOD  OF  CONSTRUCTING 
CONCRETE  PILES  AND  MAKE  RECOMMENDATIONS 
ON  HOW  AND  WHERE  TO  BE  USED. 

PRESENT  ADDITIONAL  TYPICAL  DESIGNS  FOR  CON- 
CRETE PILES  FOR  DIFFERENT  LOADING  AND  RULES 
FOR  DRIVING  UNDER  VARIOUS  CONDITIONS  AND 
LOADING. 

C.  P.  Richardson,  Chairman,  Sub-Committee. 

Your  Committee,  during  the  past  year,  has  revised  the  definitions, 
specifications  and  information  as  to  the  manufacture  and  use  of  con- 
crete piles  which  was  submitted  last  year  and  presents  with  other  data 
typical  plans  for  their  construction.  The  Committee  has  not  attempted 
to  go  into  the  details  of  design,  as  each  condition  of  loading  and  of 
sub-soil  demands  special  designs. 

(I)     Advantages  of  Concrete  Piles. 

In   general,    the   more   important    advantages    gained   by   the   use   of 
concrete  piles  are  as  follows: 
(1)     Foundations  can  be  constructed  above  ground  water  level. 

As  their  size  is  not  limited,  piles  of  large  diameter  may  be  used  in 
confined  areas  to  reduce  size  of  foundation  and  increase  sup- 
ports at  points  of  greatest  pressure. 
Concrete  Piles  may  be  used  in  trestles  where  the  height  is  such  as 
to  permit  their  use,  making  possible  a  permanent  structure  at  a 
considerable  less  cost  than  the  ordinary  type  of  pier  bridge. 
Concrete  Piles  may  be  used  to  advantage  for  sheet  piling  for  docks 


(2) 


(3) 


(4) 


(B) 

ground. 


and  wharves  where  lateral  loads  as  well  as  vertical  loads  arc  to 
be  resisted. 

(II)     Classification  and  Description  of  Concrete  Piles. 
Concrete  piles  may  be  properly  divided  into  two  classes : 
(A)     Pre-moldcd  piles.     Piles  which  are  molded  previous  to  driving. 
Moldcd-in-place  piles.     Piles  which  are  molded  in  holes  in  the 


(a)     i-kk-moldkd  tiles. 


(a)  Suitability. — There  arc  many  patented  piles  that  arc  now  avail- 
able, many  of  which  vary  in  some  degree  from  the  types  submitted,  each 
one  having  its  particular  advantages   for  some  classes  Of  work. 

The  more  common   shapes   used   an-    the   square   and   octagonal    set 
tions,  depending  upon  the  Style  <>f   structure  the  piles  arc  tn  carry.     The 
square  pile  may  best  be  used   where   a   maximum    top   section   is   required 

to  distribute  the  load.    The  octagonal  pile,  l>\   reason  of  it--  comparative 
constant  diametric  section,  presents  the  most  Suitable  shape  For  general 
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condition-.  All  shapes  arc  used  in  the  uniform  section  and  in  the  tapered 
pile. 

The  uniform  section  pile  should  be  used  when  the  pile  rests  on  solid 
rock  or  hardpan,  or  is  driven  through  sand  or  other  similar  material 
which  is  subject  to  flow  on  account  of  future  excavations  or  from  other 
causes,  tending  to  cause  the  piles  to  act  as  a  column.  The  uniform  sec- 
tion pile  is  more  commonly  used  for  all  purposes  on  account  of  its 
greater  strength  for  handling  and  lower  cost  of  construction. 

The  tapered  pile  possesses  advantages  over  the  uniform  section  pile 
when  conditions  require  a  close  spacing,  as  its  smaller  volume  causes 
less  displacement  of  surrounding  soil  and  piles.  In  general  the  tapered 
pile  can  be  driven  advantageously  in  all  cases  where  the  soil  is  clay  or 
similar  material,  where  skin  friction  will  serve  as  a  factor  in  the  bearing 
power  of  the  pile. 

(b)  Design  and  Construction.— The  typical  designs  for  concrete 
piles,  accompanying  specifications  for  construction  of  concrete  piles  fur- 
nish, in  the  opinion  of  your  Committee,  a  sufficient  variation  to  give 
information  in  regard  to  design  of  prc-molded  piles  that  may  be  suitable 
for  various  classes  of  work.  In  general,  piles  which  are  designed  to 
withstand  handling  are  of  sufficient  strei  rth  Jo'r  driving.  The  length, 
design  and  amount  of  steel  reinforcement  required  depend  upon  the  fol- 
lowing factors : 

(1)  The  load  which  the  pile  is  to  carry. 

(2)  The  nature  of  the  soil  into  which  it  is  to  be  driven. 

(3)  Whether  the  pile  acts  as  a  single  column  or  whether  skin   friction 

may  be  obtained. 

(4)  Forces  to  which  the  pile  is  subjected  in  handling. 

(5)  The  method  employed  in  driving,  including  the  use  of  the  water  jet. 

The  forms  for  concrete  piles  are  generally  supported  on  skids  and 
collapsible,  the  bottom  being  left  under  the  piles  until  they  arc  suffi- 
ciently seasoned  to  permit  turning  on  the  skids. 

The  cost  of  constructing  pre-molded  piles  depends  upon  the  require- 
ments as  to  design  and  on  the  manufacturing  facilities. 

The  total  cost  of  constructing  and  driving  pre-molded  concrete  piles 
varies  from  7?  cents  to  two  dollars  per  linear  foot,  with  an  average  price 
of  about  $1.00  per  foot,  varying  with  the  condition-,  length  and  number 
of  piles  made,  as  shown  by  tables  published  on  page  824,  Vol.  16,  of  the 
Proceedings. 

Where,  the  ordinary  method  of  sheltered  curing  is  employed,  piles 
should  be  seasoned  not  less  than  twenty-eight  to  forty  days  before  hand- 
ling and  driving,  depending  upon  the  amount  of  driving  expected  and  the 

»on  of  tin    year  when  the  piles  are  made. 
I'll,    use   of   steam   or  other   similar  methods   may    be   used   to   reduce 
ill.    period  of    seasoning,  or  a<   a  means  of  maintaining  a   uniform   sea- 
soning temperature  during  the  winter  season  of  the  year. 
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SPECIFICATIONS    FOR    CONSTRUCTING    PRE-MOLDED    CON- 
CRETE PILES. 

1.  Piles  shall  be  made  in  accordance  with  the  dimensions  shown  on 
the  drawings. 

2.  The  workmanship  and  materials  shall  be  m  accordance  with  the 
Specifications  for  Plain  and  Reinforced  Concrete  and  Steel  Reinforce- 
ment of  the  American  Railway  Engineering  Association,  with  the  follow- 
ing modifications  : 

Aggregates. 

3.  The  coarse  aggregate  shall  consist  of  material  such  as  crushed 
stone  or  gravel  varying  in  size  from  one- fourth  (%)  inch  to  three- 
fourths    (  )4 )    inch. 

Proportions. 

4.  The  proportions  ol  the  concrete  shall  be  one  part  cement,  two 
parts  fine  aggregate  and   four  parts  coarse  aggregate. 

Forms. 

5.  The  forms  shall  be  supported  vertically  or  ofl  skids  sufficiently 
close  to  prevent   sagging  of   forms. 

Reinforcement. 

6.  The  longitudinal  and  transverse  reinforcement  shall  be  assembled 
and  securely  wired  together  in  accordance  with  plan  before  being  placed 
in  form.  Care  shall  be  taken  to  maintain  the  proper  position  of  rein- 
forcing unit  in  the   form  until  concrete  has  been   placed  and  compacted 

Freezing  Weather. 

7.  In    freezing  weather  concrete  materials  shall   be   stored,   and   mix 
ing  and  placing  shall  be  done  in  a  building  maintained  at  a  temperature 
of  not  less  than  40  degrees  Fahrenheit.     Piles  shall  not  be  exposed  to  a 
lower   temperature    for  at   least    10   days    after    forms    are    removed. 

Curing. 

8.  Where  ordinary  method  of  sheltered  curing  is  employed,  piles 
shall  lie  seasoned  for  a  period  of  nol  less  than  three  days  before  being 
moved  on  the  skids  and  nut  h-s>  than  twenty-eighl  days  before  handling 
and  moving  to  the  site  or  driving.  X»  method  of  accellerated  seasoning 
shall  be  used  until  approved  by  the   Engineer. 

Marking. 

9.  Each  pile  shall  be  stamped  or  marked  with  th<  date  of  its 
manufacture. 

Handling. 

Id.  I'iK-s  shall  be  handltd  carefully,  avoiding  aivj  dropping  •  •  i  hcavj 
jarring  while  in  horizontal  positions. 

The  following  plans  ami  details  arc  presented  .is  information  drawn 
from  the  studj  of  a  large  number  of  plans  ami  records,  which  maj  serve 
as  a  guide  in  the  design  of  concrete  piles  for  ordinary  conditions  Piles 
which  .in    tf  ait  as  columns  should  In    designed  as  columns; 
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Explanatory  Notes. 
Longitudinal    Reinforcement. 

Piles  not  exceeding  thirty  (30)  feet  in  length  are  reinforced  with 
eight  (8)  longitudinal  bars  of  which  four  (4)  are  cut  so  as  to  stop  at 
the  beginning  of  the  tapered  point. 

Piles  exceeding  thirty  (30)  feet  in  length  are  shown  as  having  addi- 
tional reinforcing  bars  placed  midway  between  the  longer  bars  through- 
out the  middle  third  length  of  the  pile  in  order  to  provide  for  handling. 

SPECIFICATIONS    FOR    DRIVING     PRK-MOLDED    CONCRETE 

PILES. 

1.  Piles  shall  be  protected  while  being  driven  with  an  approved 
cushion  cap. 

2.  The  driving  or  jetting  of  piles  shall  be  governed  by  "Pile  Driving 
— Principles  of  Practice,"  given  in  the  Specifications  for  Workmanship 
for  Pile  and  Frame  Trestles  in  the  Manual  of  the  Association. 

3.  In  driving,  a  steam  hammer  shall  be  used  unless  otherwise  speci- 
fied  by  the  Engineer.  Where  a  drop  hammer  is  permitted,  a  heavy  ham- 
mer with  a  short  drop  shall  be  used. 

4.  Any  pile  injured  in  driving  or  driven  out  of  place  shall  be  either 
replaced  by  a  new  pile  or  pulled  and  re-driven,  as  the  case  may  require. 

5.  On  sloping  ground,  and  where  necessary,  a  suitable  hole  shall 
be  dug  at  the  location  of  each  pile,  sufficiently  deep  to  hold  the  pile  in 
proper  position   for  the  first  few  blows. 

6.  Before  driving,  the  piles  shall  be  carefully  located  and  set  to  the 
line  called  for  on  the  plan,  and  the  pile  driver  leads  held  in  proper  posi- 
tion by  means  of  guy  lines.  Unless  otherwise  called  for  on  the  plans, 
piles  shall  be  driven  as  nearly  as  possible  in  a  plumb  position.  Any  pile 
out  of  plumb  more  than  one-half  inch  per  foot  shall  be  pulled  and 
re-driven  if  so  required  by  the  Engineer. 

7.  Reasonable  efforts  shall  be  made  to  drive  the  concrete  piles  to 
plan  cut-off,  the  lengths  of  the  piles  having  been  determined  by  borings 
or  test  piles.  Driving  will  be  continued  until  this  point  is  reached  or 
until  the  following  rate  of  penetration  is  secured,  as  specified  by  Engi- 
neer. (Cases  where  driving  is  through  soft  soil  to  hard  bottom  or  rock 
excepted.) 

8.  Piles  shall  be  driven  to  a  point  requiring  the  following  minimum 
number  of  blows  for  the  last  two  (2)  inches  of  penetration  of  a  single- 
action  steam  hammer  (weight  of  plunger  5000  lbs.,  drop  36  in.),  or 
hammer   of   like   mechanical   effect. 

(a)     When  piles  arc  to  carry  18  net  tons       .^  blows  to  last  2  inches. 
(I>)      When   piles  are  to  carry  25  net   tons       4  blows  to  last  2  inches 

(c)  When  piles  are  to  carry  50  net  tons — 10  blow^s  to  last  2  inches. 

(d)  When  piles  are  to  carry  a  load  in  excess  of  50  tons,  number  of 
blows  will  be  as  specified  by  the  Engineer, 
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9.  When  driving  is  interrupted  before  final  penetration  is  reached 
record  for  degree  of  penetration  shall  not.be  taken  until  alter  at  least 
two  (2)  inches  of  penetration  has  been  obtained.  When  necessary  to 
obtain  the  required  penetration,  piles  ma}'  be  driven  not  t<>  exceed  four 
(4)    inches  below  plan   cut-off. 


CUTT1XG-OFF    PILES. 

1.  Where  it  is  not  possible  to  drive  concrete  piles  to  plan  cut-off, 
the  portion  of  the  pile  above  this  point  shall  be  removed,  but,  unless 
otherwise  specified,  a  variation  of  four  (4)  inches  will  be  allowed  above 
the  plan  cut-off  for  the  inequalities  of  the  tops  of  the  piles.  All  loose 
parts  of  the  head  of  cut-off  piles  shall  be  removed.  Where  reinforce- 
ment has  to  be  cut  off,  it  shall  be  done  by  a  hack  saw  or  oxy-aeetylene 
torch. 

"MOLDED-IN-PLACE"   PILES. 

"Molded-in-place"  piles  may  be  divided  into  three  general  groups, 
according  to  their  method  of  construction.  The  successive  steps  in  each 
method  are  briefly  enumerated  below  : 

(a)  A  collapsible  steel  mandrel  encased  with  a  spirally  reinforced  sheet- 

steel  casing  is  driven  to  the  required  penetration.  The  steel 
mandrel  is  then  withdrawn  and  the  steel  casing  which  is  left  in 
the  ground  as  a  form,  is  filled  with  concrete. 

(b)  A   cylindrical    casing   with   a   protecting   point   is    driven    to   the    re- 

quired penetration.  The  casing  after  being  filled  with  wet  con- 
crete is  removed,  and  the  space  left  by  the  casing  is  allowed  to 
fill  with  concrete,  thus  forming  the  pile. 

(c)  A   cylindrical  casing   with  a  core  as  a  protecting  and  driving   point 

is  driven  to  the  required  penetration.  The  core  is  removed.  A 
charge  of  concrete  is  placed  and  the  core  is  used  as  a  rammer  to 
compress  the  surrounding  soil  at  the  base,  thus  forming  an  en- 
larged  base   to   the   pile. 

Under  conditions  where  "molded-in-place"  piles  may  be  used,  th« 
main  advantages  over  the  pre-molded  piles  are  as   follows: 

(1)  The    length    of    the    pile  need  not  be    definitely    predetermined    on 

account  of  being  able  to  vary  the  lengths  in  driving. 

(2)  Saving   in    labor    and    material    on    account    of    the    length    of    each 

pile  beiiiK  determined  before  concrete  is  placed,  thus  saving 
cut-offs. 

(3)  The    delay    resulting     from     allowing    sufficient     time     for     piles     l" 

season   before   they   are   handled   is   eliminated. 

(4)  Entire   omission   of    reinfon  rment    againsl    handling 

The  "molded-in-place"  piles  by  the  nature  oi  theii  construction  arc 
i  isentially  foundation  pile--,  and  maj  nol  in  all  cases  be  a  substitute  foi 
the  pre  molded  piles. 

In  the  use  of  "molded  in-place"  piles  it  is  necessary  to  consider  the 
effects  "i  vibration  and  soil  movement  due  to  tin  driving  of  adjacent 
piles.  When  the  con  oi  the  pipe  casing  is  driven  f"i  a  given  pile,  it 
displaces  and  compresses  the  earth  adjacent  to  the  h"l«'  which  i-  formed, 
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and  the  clastic  earth  tend-,  to  relieve  its  stress  by  crowding  hack.  Many 
rules  have  hcen  formulated  lor  driving  these  pUes  in  order  to  protect 
the    Unseasoned    concrete    of    piles    previously    placed.      As    the    result    of 

each  of  th<    following  rules  have  been  adopted  on   varicms  pieces 

of  work: 

<  a  i     No  concrete   shall  be  deposited  in  any  pile   form  until  all  driving 

is  completed  within  a  radius  of  9  feet  center  to  center  of  pile 
to  he  filled. 
( h)  The  setting  of  the  concrete  in  any  pile  must  not,  under  any  con- 
sideration,  he  disturbed  by  driving  another  pile  or  pile*  within 
a  radius  of  less  than  0  feet  from  it  center  to  center,  after  a 
minimum  interval  of  three  hours  or  before  the  expiration  of 
seven  days  from  the  time  the  concrete  was  mixed  with  water 
for  that  pile.  The  contractor  may,  however,  at  his  own  option 
drive  pile  forms  within  the  9-foot  radius  to  a  depth  not  more 
than  3  feet  from  the  total  estimated  penetration  inside  of  the 
3-hour  limit,  and  before  the  expiration  of  the  seven-day  limit, 
complete  tht    driving  of   those   forms. 

The  requirements  necessary  vary  with  the  plans  and  the  soil  en- 
countered.  The  unseasoned  concrete  is  more  liable  to  damage  on  account 
of  the  driving  of  piles  whin  soil  is  made  up  of  thin,  hard  strata  alter- 
nating with  soft  strata. 

The  above  rules  for  driving  of  adjacent  piles  have  been  neglected 
in  many  cases,  on  account  of  the  expense  incurred  in  their  operation 
and  the  lack  of  definite  knowledge  as  to  their  necessity. 

It  should  also  he  added  that  the  construction  of  molded-in-place  pile 
requires  more  careful  supervision  to  secure  good  results  on  account  of 
the  manner  in  which  concrete  is  deposited,  and  the  surrounding  condi- 
tions which  preclude  inspection  of  the  pile  after  the  concrete  is  all  in 
place. 

All  "molded-in-place"  piles  are  patented  and  arc  generally  driven  by 
companies  either  owning  or  controlling  the  patented  features.  The  diam- 
eter and  shape  of  the  piles  vary :  tapered  piles  average  an  8-in.  tip  and 
an  18-in.  top  diameter  for  a  pile  25  ft.  in  length.  The  uniform  sec- 
tion piles  are  circular  and  average  17  in.  in  diameter.  Xo  general  specifi- 
cations  can  he  made  for  their  construction,  as  each  type  of  pile  has  its 
individual    features   demanding   special   methods  of  construction. 

The  cost  will  vary  from  65  cents  to  two  dollars  per  linear  foot,  with 
an  average  cost  of  one  dollar,  depending  upon  the  number  of  piles  driven 
and  their  lengths.  Lengths  of  piles  arc  always  measured  from  cut-off  to 
up  of  pile.  Tin  expense  of  moving  and  setting  up  the  special  equip- 
ment necessary  lor  this  type  makes  them  more  economical  on  larger 
rather  than   smaller  pieces  of   work. 

Loading  of  piles  may  be  calculated  from  the  same  data  as  that 
given   for  pre-mohlcd  piles, 
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TYPICAL  DESIGN  OF  FOUNDATIONS  FOR  PIERS,  ABUT- 
MENTS, RETAINING  WALLS  AND  ARCHES  IN  VARIOUS 
SOILS  AND  DEPTHS  OF  WATER  (NOT  INCLUDING  PNEU- 
MATIC FOUNDATIONS). 

J.  J.  Yates,  Chairman,  Sub-Committee. 
Your  Committee  has  had  this  subject  under  consideration  for  three 
years. 

The  first  year's  work  consisted  in  collecting  information  from  the 
membership  pertaining  to  preliminary  investigation  for  foundations, 
bearing  values  of  soils,  and  elements  governing  the  design.  The  report 
of  the  year's  work  appears  in  Vol.  17,  1916,  pp.  225-231  inclusive. 

The  second  year's  work  consisted  in  collecting  designs  of  important 
structures  from  the  membership.  A  number  of  these  designs,  with  ex- 
planatory notes,  are  published  in  Vol.  18,  1917,  pp.  854-883. 

Your  Committee  this  year  has  confined  its  work  to  the  examination 
of  books,  periodicals  and  papers  relative  to  the  design  of  foundations. 
\bout  one  hundred  books  and  miscellaneous  papers  were  examined,  and 
a  list  of  those  giving  interesting  information  on  the  subject  is  given  as 
an  addenda  to  this  report. 

No  reliable  information  on  the.  bearing  power  of  soils  has  been 
collected  and  the  Committee  is  of  the  opinion  that  nothing  conclusive 
can  be  accomplished  by  a  further  consideration  of  the  subject  along 
these  lines. 

This  subject  has  been  under  consideration  for  three  years  by  a 
special  committee  of  the  American  Society  of  Civil  Engineers,  which 
society  has  appropriated  funds  for  carrying  on  the  work.  No  con 
elusive  it  pi  nt  has  \rt  been  made  by  this  committee.  The  difficulty  is 
entirely  in  arriving  at  some  definite  classification  of  soils.  If  a  satis 
factory  classification  can  be  found,  it  will  be  a  comparatively  simple 
matter  to  make  the  tests  and  assign  safe-bearing  values  to  each  class  ..t 
soil. 

The  types  of  foundations  arc  many  and  varied,  depending  on  the 
purpose  and  character  of  the  structure  and  the  soil  and  conditions  en- 
countered, and  the  Cotnimttee  feels  this  matter  lias  been  covered  as  far 
as  practicable  in  the  presentation  of  designs  of  important  structures  m 
last   year's   publications. 

The  methods  and  the  apparatus  used  in  making  sni!  tests  are  \er> 
fully  described  in  the  publications  given  in  the  appendix. 

There  are  a  number  of  important  elements  entering  into  the  design 

of    foundations   and   on    which    the    Committee    has    found    a    large    di\cre, 
enee    of   opinion,    and    it    is    mi    these    points    your    Committee   presents   tin 

following    a-    theii    opinion    of    lust    practice    i"    be    used    in    designing 
foundation 

r-.i 
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(1)  That  for  important  structures  wash  borings  as  a  means  of 
determining  character  and  hearing  values  of  foundation  soils  are  not 
generally  reliable. 

The  most  commonly  known  method  of  making  wash  borings  is  by 
means  of  a  double  pipe  where  the  material  is  washed  out  by  a  stream 
of  water  through  the  center  pipe  as   the  outer  pipe  or   casing   is  driven. 

Samples  of  the  soil  are  obtained  by  catching  at  frequent  intervals 
samples  of  the  washings,  and  separating  the   sediment  by   settlement. 

Another  method  quite 'commonly  used  where  hard  material  is  en- 
countered is  the  percussion  drill  which  pulverizes  the  materials  it  passes 
through.  The  pulverized  material  is  either  removed  by  a  sand  pump 
or  washed  out  with  a  center  pipe. 

In  cither  method  the  materials  are  thoroughly  churned.  Correct 
interpretation  of  the  character  of  the  soil  by  these  methods  is  doubtful, 
depending  as  it  does  on  observation  of  the  speed  of  driving  the  casing 
and  the  drilling;  furthermore,  in  the  case  of  wash  borings  it  is  imprac- 
ticable to  distinguish  solid  rock  from  boulders. 

That  for  important  structures  core  borings  give  the  most  reliable 
data.  The  borings  should  in  general  be  carried  at  least  ten  (10)  feet 
into  rock,  when  encountered. 

Diamond,  calyx  or  similar  drills  furnish  cylindrical  cores  of  all 
stratas  of  hard  material.  Soil,  sand,  clay  and  lighter  materials  will  be 
brought  to  the  surface   similar   to   wash   borings. 

(2)  That  for  important  structures,  where  there  is  no  reliable  data, 
or  where  there  is  any  question  of  the  safe  hearing  value,  soil  bearing 
tests  be  made ;  the  test  loads  being  increased  until  settlement  occurs  or 
until  twice  the  bearing  load  it  is  proposed  to  use  in  the  design  has  been 
reached. 

•  That  one-half  the  ultimate  load  thus  found  be  used  in  designing  the 
foundation  except  that  three-quarters  (•}$)  of  the  ultimate  load  may 
be  used  for  maximum  toe  pressures  produced  by  tractive  force  or  wind  : 
provided,  however,  that  the  safe  load  thus  found  does  not  exceed  the 
safe  crushing  value  of  the  materials  of  the  substructure. 

By  ultimate  load  is  meant  that  load  that  can  be  placed  on  the  soil 
without  undue  settlement.  It  is  not  intended  to  consider  a  slight  com- 
pression of  the  .soil  from  %  to  ^-inch  as  settlement  except  in  the  case 
where  the  settlement  is  progressive  under  the  load  applied. 

(3)  That  pile  bearing  formulas  based  on  the  fall  and  weight  oi 
the  hammer  are  not  always  a  true  index  of  the  safe  bearing  value  of  the 
pile,  but  are  of  value  in  determining  the  extent  to  which  driving  is 
necessary  in  a  soil  of  known   resistance. 

Pile  bearing  formulas  are  not  reliable  in  the  case  of  the  softer  soils, 
where  the  carrying  power  is  determined  by  the  suit  ace  friction  of  the 
pile  and  there  is  a  large  increase  in  the  supporting  power  of  the  pile 
after  the  driving  ceases  and  the  pile  is  allowed  to  remain  unloaded  for 
several  hours,  nor  are  they  reliable  in  the  case  of  piles  driven  through 
soft  soil  to  rock  or  other  hard  material. 

That  for  important  structures  where  data  i>  lacking  or  where  there 
is  anj  question  of  the  safe  bearing  value,  load  tests  be  made;  the  load- 
ing being  increased  until  settlement  occurs  or  until  twice  the  load  per 
pile  it  is  proposed  to   use   in   the  design   is   reached. 
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That  one-half  the  ultimate  load  thus  found  be  used  in  designing  the 
foundations  except  that  three-quarters  (^4)  of  the  ultimate  load  may  be 
used  for  the  maximum  pressures  produced  by  tractive  force  and  wind ; 
provided,  however,  that  the  safe  bearing  value  of  the  piling  or  materials 
of  the  substructure  are  not  exceeded. 

By  ultimate  load  is  meant  that  load  that  can  be  placed  on  the  pile 
without  undue  settlement.  It  is  not  intended  to  consider  a  slight  de- 
pression of  the  pile  from  %  to  Yi  inch,  as  settlement  except  in  the  case 
where  the  settlement  is  progressive  under  the  load  applied. 

In  arriving  at  the  safe  bearing  value  of  piles  consideration  must  be 
given  to  their  action  as  columns  taking  into  account  the  supporting  action 
of  the  penetrated  material. 

(4)  That  in  general  buoyancy  of  structures  in  water  be  not  con- 
sidered as  reducing  the  foundation  load  except  in  the  case  where  water 
has  free  access  to  the  base  of  the  foundation  or  when  calculating  sta- 
bility  from  overturning. 

(5)  That  the  loads  to  be  considered  in  designing  foundations  are 
the  total  dead  load  of  substructure  and  superstructure,  the  live  load, 
including  an  allowance  for  impact,  tractive  force,  wind  and  ice  pressure, 
and  earth  pressures   in  the  case  of  retaining  walls   and  abutments. 

(6)  That  in  general  the  cut-off  of  wood  foundation  piles  in  tidal 
waters  shall  not  be  above  mean  daily  tides  and  shall  not  exceed  two  (2) 
feet  above  mean  low  water. 

That  in  general  timber  in  foundations  in  tidal  waters  shall  not  be 
used  above  mean  daily  tides  nor  shall  it  be  used  at  a  greater  elevation 
than  two   (2)    feet  above  mean  low  water. 

That  in  general  wood  foundation  piling  and  timbers  be  kept  en- 
tirely below  the  probable  lowest  ground  water  level,  except  in  the  case 
of  tidal  waters  as  above  noted. 

That  in  all  waters  where  marine  borers  exist,  no  untreated  timbers 
should  be  used  above  the  permanent  mud  line  of  the  bottom. 

(7)  That  the  spacing  of  wooden  piling  in  foundations  be  not  less 
than  two   (2)   feet,  six   (6)   inches,  center  to  center. 

(8)  That  the  bottom  of  foundations  should  be  placed  entirely  below 
the  line  of  frost  action,  the  depth  of  foundation  depending  00  the 
locality. 

(9)  That  the  calculations  of  foundation  pressures  be  made  in  ac- 
cordance with  the  rules  and  formula  for  the  design  of  retaining  walls 
published  in  the  Supplement  to  the  Manual,  Vol    1".  No    1(>7.  pp    47-5? 
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Manual,  1915  Edition,  pp.  241  to  243,  on  Principles  of  Practice,  Pile 
Driving. 

American  Society  of  Civil  Engineers.  Proceedings,  v.  XLI,  No.  2, 
February,  1915.  Progress  report  of  the  Special  Committee  to  codify 
present  practice  on  the  bearing  value  of  soils  for  foundations.  Con- 
tains a  good  bibliography  of  Books  pertaining  to  subject. 
Proceedings  Am.  Soc.  C.  E.,  v.  XLIII,  No.  6,  August,  1917,  p.  1171. 
Presents  progress  report  on  the  above  subject  and  also  preliminary 
discussion  on  soil  classification  tests. 

Hau.lairge,  C.     Supporting  Power  of  Piles.    1902.    (Engineering  Record, 
v.   45,  pp.   183-184.)      Letter  to  editor  discussing  defects  of   existing 
formulas  and  suggesting  a  board  of  inquiry  into  the  subject  of  pile 
foundations  by  American  and  Canadian  Governments. 
Baker,  Ira  O.     Treatise  on  Masonry  Construction.     Ed.  8,  1898.     556  pp. 
Section  on  "bearing  power  of  soils,"  pp.  188-189.     Considers  different 
kinds   of    soils   and    gives    figures    and    calculations,    and    means    for 
improving  the  bearing  power.     "Bearing  power  of  piles,"  pp.  233-250. 
Bartlett,    James.      Foundations.      1910.      (Encyclopaedia    Britannica,    ed. 
11,  v.    10,  pp.   738-743.)      Discusses   safe  loads   for   soils   of   different 
characters,  and  making  of  trial  borings. 
Baumann,  Frederick.     Foundations.     1898.     (Inland  Architect,  v.  32,  pp. 
42-45.)     Gives  figures  and  estimates  for  safe  loads  for  rock,  gravel, 
gravel   and   clay,    sand   and   clay.     Considers   nature   of   Chicago   soil, 
and  adequate  loads. 
Bearing  Power  of  Piles.     1894.     (Engineering  News,  v.  31.  pp.  J83-284  • 
Tests  were  made  while  driving  piles  for  foundations  of  Chicago  Pub- 
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lie  Library.  Bearing  power  of  soils  is  considered,  and  formula- 
tested  for  bearing  power  of  piles. 

Boardman,  H.  P.  Concerning  Retaining  Walls  and  Earth  Pressures. 
1905.  (Engineering  News,  v.  54,  pp.  166-169.)  Concludes  that  in- 
formation regarding  earth  pressures  is  quite  inexact.  Suggests  car- 
rying out  series  of  tests  on  larger  scale. 

Bone,  Evan  P.  Reinforced  Concrete  Retaining  Wall  Design.  1907. 
(Engineering  News,  v.  57,  pp.  448-452.)  Calculations  of  earth  press- 
ures, and  diagrams. 

Cain,  William.  Experiments  on  Retaining  Walls  and  Pressures  on 
Tunnels.  21  diag.  1911.  (Transactions,  Am.  Soc.  C.  E.,  v.  72,  pp. 
403-448.)     Discussion,  6  diag.,  pp.  449-474. 

Cain,  William.  Retaining  Walls.  1880.  (Van  Nostrand's  Engineering 
Magazine,  v.  22,  pp.  265-277.)  Theoretically  considers  "the  earth  as 
a  homogeneous  and  incompressible  mass,  made  up  of  little  grains, 
possessing  the  resistance  to  sliding  over  each  other,  called  friction, 
but  without  cohesion." 

Calculations  for  Retaining  Walls.  1911.  (Architect  and  Contract 
Reporter,  v.  86,  pp.  43-44,  59-61,  75-76,  85-87,  96-97,  109-110.)  Take- 
all  factors  into  consideration,  wind  pressure,  slides,  earth  pressure, 
etc.     "Angles  of  repose  of  various  earths,"  p.  109. 

Carter,  Frank  H.  Comparative  Sections  of  Thirty  Retaining  Wall-. 
and  Some  Notes  on  Retaining  Wall  Design.  1910.  (Engineering 
News,  v.  64,  pp.  106-108.)  Discusses  theoretical  earth  pressures, 
giving    formulas. 

Clegg,  Samuel.  On  Foundations,  Natural  and  Artificial.  1851.  (Min- 
utes of  Proceedings,  Inst.  C.  E.,  v.  10,  pp.  317-320.)  Touches  on 
bearing  power  of  various  soils. 

Cole,  Howard  J.  Concrete  Piles.  12  ill.,  1  dr.  1909.  (Transactions, 
Am.  Soc.  C.  E.,  v.  65,  pp.  467-487.)  Discussion,  3  diag.,  4  ill.,  5  dr.. 
pp.  488-513.  Important  discussion  on  concrete  piles.  Formulas  for 
their  bearing  power  are  derived. 

Cotterill,  George  F.  Supporting  Power  of  Piles.  1902.  (Engineering 
Record,  v.  45,  pp.  231-232.)  Letter  to  editor  giving  results  of  tests 
on  piles  in  Seattle. 

Cruttwell,  George  Edward  Wilson.  Foundations  of  the  River  Piers 
of  the  Tower  Bridge.  With  discussion.  1893.  (Minutes  of  Pro- 
ceedings, Inst.  C.  E.,  v.  113,  pp.  117-150.)  Gives  reasons  for  limiting 
pressure  on  the  London  clay  to  4  tons  per  sq.  in.,  pp.  148-149. 

Diagram  for  Overturning  Moments  of  Retaining  Walls  for  Earth 
or  Water,  1907.  Engineering  News  v.  57,  p.  460.)  Diagram  was 
constructed  by  Charles  H.  Hoyt. 

Dilley,  Wilford  Joseph.  Footings  in  Foundations.  6  diag.  1905.  (Min- 
utes of  Proceedings,  Inst.  C.  E.,  v.  163,  pp.  309-318.)  Discuss*  s 
stresses  and  reactions  when  center  of  pressure  coincides  with  geo- 
metrical center  of  area  of  foundation. 

Everest,  J.  H.  Treatise  on  Retaining  Wall  Design.  1911.  (The  Can- 
adian Engineer,  v.  21,  pp.  192-193,  237,  264-265.)  Considers  earth 
pressure,  slope,  weights  of  materials,  etc. 

Formulas  for  Safe  Loads  ok  Bearing  Phi-.  1888.  (Engineering  News, 
v.  20,  pp.  509-512.)  Editorial  discussion  of  John  C.  Trautwine's 
views  on  the  subject  and  a  comparison  of  lattef's  formula  with 
various  other   formulas. 

i  "i  \uvnoN  Loads,     ion.     (Tin-   Builder,   London,  v.   101,  pp.  332-333, 
453-454,  780-781.)     Gives  figures  to  show  pressure  <<i  structures  on 
different  earth  soils  at  which  no  settlement  was  observed.     Includes 
also  compressive  resistance  of  different  stones,  and  discusses  founda 
tions  under  differing  Roll  conditions 
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Fowler,  Charles  Evan.     Practical  Treatise  on  Subaqueous  Foundations. 

Including  the  Cofferdam  process  for  Piers,  and  Dredges  and  Dredg- 
ing with  Numerous  Practical  Examples  from  Actual  Work.  Ed.  3. 
814  pp.  1914.  Tohn  Wiley  and  Sons,  New  York.  Bearing  capacitv 
of  soils,  pp.  409-423,  491. 

Francis,  George  B.  Foundations.  1  dr.  1°U3.  (Journal,  Assoc.  Etig. 
Soc,  v.  30,  pp.  336-342. )  Gives  author's  figures  for  safe  supporting 
loads  for  ledge  rock,  hardpan,  gravel,  clean  sand,  dry  clay,  and 
loam. 

Goodrich,  Ernest  P.  The  Supporting  Power  of  Piles.  18  diag.,  3  dr. 
1902.  (Transactions,  Am.  Soc.  C.  E.,  v.  48,  pp.  180-212.)  Dis- 
cussion, pp.  213-219.  Author  develops  a  general  formula  for  the 
bearing  power  of  piles  and  compares  it  with  numerous  existing  for- 
mulas. 

Griffith,  John  H.  The  Ultimate  Load  on  Pile  Foundations,  a  Static 
Theory.  6  diag.  1910.  (Transactions,  Am.  Soc.  C.  E.,  v.  70,  pp. 
412-442.)  Discussion,  pp.  442-447.  Attempts  to  construct  a  formula 
for  safe  bearing  load  of  piles  by  statical  methods.  See  also  editorial 
in  Engineering  Record,  v.  61,  p.  744. 

Guarini,  Emtle.  Mechanical  Compression  of  the  Ground  in  the  Con- 
struction of  Foundations.  1906.  (Scientific  American,  v.  108.  pp. 
476-477.)  Compression  is  by  treatment  of  ground  with  concrete  in 
such  manner  as  to  compress  it  laterally  and  depthwise. 

Hill,  George.  Foundations.  1893.  (American  Architect,  v.  41,  pp.  179- 
182.)  Discusses  testing  of  soils,  bearing  value  of  various  soils,  bear- 
ing value  of  piles,  and  treatment  of  soils,  etc. 

Howe,  Malverd  A.  Foundations.  A  Short  Text-Book  on  Ordinary 
Foundations,  including  a  Brief  Description  of  the  Methods  Used  for 
Difficult  Foundations.  110  pp.  1914.  John  Wiley  &  Sons.  New 
York.  References  at  the  end  of  each  chapter.  Supporting  capacity 
of  soils,  pp.  1-12. 

Hunt,  Randell.  Supporting  Power  of  Soils.  1888.  (Journal,  Assoc. 
Eng.  Soc,  v.  7,  pp.  189-196.)  Gives  many  examples  of  foundations  on 
various  soils. 

Jacoby  and  Davis.  Foundations  for  Bridges  and  Buildings.  1914  Edi- 
tion. A  general  treatise  on  foundation  construction  with  typical  re- 
productions of  present  practice. 

Kurdjumoff,  V.  J.  Foundations  on  Natural  Ground.  1893.  (Minutes 
of  Proceedings,  hist.  C.  F.,  v.  Ill,  pp.  414-415.)  Abstract  from  Der 
Civilingenieur.  1892.  p.  293.  Deals  with  foundations  in  loose  or 
sandy  soils.  Uses  photographic  methods.  Finds  that  Rankine's  for- 
mula, based  on  the  theory  of  granular  masses,  does  not  give  accur- 
ate results. 

McLean,  Douglas.  Canadian  Engr.,  v.  26.  pp.  830-832.  Shoal  Lake 
Aqueduct.     A  simple  method  of  wash  boring. 

Maconchy,  G.  C.  Earth  pressures  on  Retaining  Walls  1898.  (En- 
gineering, v.  66,  pp.  256-257,  484-485,  641-643.)  Gives  simpler  method 
for  calculating  overturning  moments. 

Mayer,  R.  Apparatus  for  Determining  the  Safe  Load  upon  Founda- 
tions. 1900.  (Minutes  of  Proceedings,  Inst.  C.  E..  v.  142,  pp.  408- 
409.)     Abstract  of  paper  in  Schweizerische  Bauzeitung,  v.  28,  No.  22. 

VTerriman,  Mansfield.  On  the  Theories  of  the  Lateral  Pressure  of 
Sand  Against  Retaining  Walls.  1887.  (School  of  Mines  Quarterly, 
v.  9,  pp.  109-112.)  Paper  read  before  the  American  Association  for 
the  Advancement  of  Science.  Reviews  accepted  formulas,  and  claims 
that  they  are  based  but  little  on  experiments. 
— Abstract.     1888.     (Engineering  News,  v.  19,  p.  152.) 
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Abstract.      1887.      (Proceedings,    Am.    Assoc,    for    Advancement    of 

Science,  v.  36,  p.  166.) 

Patton,  W.  M.  Practical  Treatise  on  Foundations,  Explaining  Fully  the 
Principles  Involved.  Supplemented  by  Articles  on  the  Use  of  Con- 
crete in  Foundations.  Ed.  2,  549  pp.  1906.  John  Wiley  &  Sons, 
New  York.  Bearing  resistances  of  materials,  pp.  3-S,  140,  149,  213- 
216,  291-294,  308,  343  3?2,  358,  532.  Bearing  power  of  piles  and  for- 
mulas, pp.  376-378,  395.  472. 

Rankine,  William  John  Macquorn.  Manual  of  Civil  Engineering,  ed. 
24,  1911,  822  pp.  Includes  considerable  information  on  soils  for 
foundation  work.  "Strength  and  Stability  of  Earth  Work  in  Gen- 
eral," p.  315;  "Ordinary  Foundations,"  p.  377;  "Timber,  Iron  and 
Submerged  Foundations,"  p.  601. 

Reppert,  Charles  M.  Recent  Retaining  Wall  Practice,  City  of  Pitts- 
burgh. 1910.  (Proceedings,  Engrs.  Soc.  of  Western  Pennsylvania, 
v.  26,  pp.  316-354.)  Discussion,  pp.  355-367.  Gives  attention  to 
calculations  of  earth  pressures  as  affecting  design. 

Rock  Boring.  International  Library  of  Technology.  V.  86,  1907,  pp. 
1  to  91.  A  very  complete  description  of  the  methods  and  machinery 
used   in  making  soil  and  rock  borings. 

Rose,  W.  Hj  Formulas  for  the  Design  of  Gravity  Retaining  Walls 
1910.  (Engineering-Contracting,  v.  34,  pp.  115-117.)  From  Pro 
fessional  Memoirs,  Corps  of  Engineers,  U.  S.  Army. 

Skinner,  Frank  W.  Development  of  Building  Foundations.  7  ill..  12 
dr.  1908.  (Engineering  Record,  v.  57,  pp.  412-422.)  Mentions 
briefly  tests  on  supporting  power  of  soil  and  piles,  p.  413. 

Some  test  boring  data,  in  connection  with  the  construction  of  the  Shoal 
Lake  Aqueduct.     Canadian  Engineer,  v.  29,  pp.  321-322.     1915. 

Spread  Foundations  in  Hamburg.  1911.  (Engineering  Record,  v.  63, 
p.  659.)  Editorial  describing  foundations  of  very  large  bearing 
surfaces. 

Test  Borings  FOR  FOUNDATIONS.  1889.  (Engineering  News,  v.  21,  p. 
324.)      Describes   tools   and    methods    for   making   test    bearings. 

Test  oe  Bearing  Power  of  Piles.  1893.  (  Engineering  News,  v.  30, 
p.  3.)  Tests  were  made  before  construction  of  Chicago  Public  Li- 
brary Building.  Considers  nature  and  bearing  power  of  soil.  See 
also  editorial,  Engineering  News,  v.  31,  p.  283. 
m  of  Concrete  Piles.  1910.  (Engineering  Record,  v.  62,  p.  715. 
Gives  methods  and   results  of  tests  of  concrete  piles. 

Waddell,  f.  A.  L.  Bridge  Engineering.  1916  Edition,  Chap.  XXXVIII, 
pp.  964-977.  and  XL1 1  and  XLIII,  pp.  1008-1057.  Foundations  in 
General,  ribs  and  Pile  Driving,  Piers,  Pedestals,  Abutments,  Re- 
taining Walls  and  Cul\ 

Worcester,  Joseph  R.  Boston  Foundations.  6  folding  diag.,  2  folding 
dr..    1    folding   map.      1903.      <  I  Issoc.    Eng.    Soc,    v.    30,    pp 

_'X5-302.)       Discussion,    pp.    302-335.      Information    is    given    both    in 
paper  and   in  discussion  ng  allowable  pressure  on   soils.    Tabu- 

lated data  are  included  on  kinds  of  soils  and  soil  combinations  to  be 
found  in  differenl  parts  "f  city. 
Condensed      1903      (Engineering  News,  v   49,  p.  136.) 


Appendix   D. 

THE  WISDOM  OF  THE  USE  OF  BLAST  FURNACE  SLAG  IN 
REINFORCED  CONCRETE  WORK,  TAKING  INTO  ESPECIAL 
CONSIDERATION    ITS  PROBABLE  DURATION. 

W.  S.  Lacher,  Chairman,  Sub-Committee. 
General. 

Slags  are  defined  in  "Cement  Limes  and  Plasters"  by  Eckel  as 
"fusible  silicates  formed  during  the  smelting  or  refining  of  metals  by 
combination  of  the  fluxing  materials  with  the  gangue  of  the  ore.  The 
composition  of  the  slag,  therefore,  will  be  determined  by  the  compo- 
sition and  relative  proportions  of  the  fluxes  and  the  gangue."  The 
slags  of  the  iron  and  steel  industry  comprise  those  formed  by  the  reduc- 
tion of  iron  in  a  blast  furnace  and  those  resulting  from  the  manufacture 
of  steel.  They  are  also  sometimes  differentiated  to  distinguish  between 
those  derived  from  the  manufacture  of  Bessemer  iron  known  as  acid 
slags,  and  those  resulting  in  the  reduction  of  non-Bessemer  ores  known 
as   basic  slags. 

The  physical  properties  of  slags  are  determined  very  largely  by 
the  methods  used  in  cooling  or  disposal.  This  permits  of  division  into 
three  general  classes :  air  cooled  bank  slag,  granulated  slag  and  machine 
slag.  Granulated  slag,  the  result  of  quenching  with  water,  is  a  very 
light  material,  somewhat  resembling  sand,  and  has  had  but  limited  appli- 
cation as  a  concrete  aggregate.  Machine  slag  is  not  produced  in  sufficient 
quantities  to  be  generally  available. 

The  most  common  form  of  slag  is  that  produced  by  dumping  the 
molten  slag  from  ladles  into  large  spoil  banks  where  it  cools  slowly  by 
exposure  to  the  air  while  being  warmed  by  contact  with  preceding  deposits 
and  forms  into  a  stone-like  substance.  It  is  removed  for  commercial 
utilization  by  a  steam  shovel,  and  when  used  like  broken  stone  it  is 
passed  through  a  crusher  and  may  be  obtained  in  the  gradations  of 
size  ordinarily  available  in  stone. 

From  the  above  it  is  clear  that  the  term  "slag"  includes  materials 
of  varying  origin  and  widely  differing  physicial  properties.  A  deposit 
of  this  material  may  contain  only  the  relatively  pure  by-product  of  a 
single  process,  such  as  the  reduction  of  iron  in  a  blast  furnace,  or  it 
may  be  composed  of  the  conglomeration  of  materials  from  many 
-ses,  including  the  miscellaneous  refuse  of  steel  manufacture,  obvi- 
ously a  mass  of  too  indefinite  a  composition  to  be  a  trustworthy  struc- 
tural material.  Consequently  this  discussion  is  limited  to  a  slag  having  a 
sufficient  market  value  as  a  by-product  to  justify  production  practices  that 
will   insure  a  uniform  product   free   from   foreign  matter. 

A  further  limitation  is  in  the  use  of  slag  only  as  the  coarse  aggre- 
gate of  the  concrete,  the  fine  aggregate  being  a  natural  sand  conforming 
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to  the  usual  requirements  for  a  fine  aggregate.  Tests  of  slag  concretes 
in  which  the  fine  aggregate  was  a  granulated  or  a  finely  crushed  slag 
indicates  its  general  inferiority  as  compared  to  sand  of  good  quality. 

Properties    of   Air-Cooled    Blast    Furnace    Slag. 

Air  cooled  slag  has  a  generally  dull  gray  color  with  varying  degrees 
of  porosity  from  that  of  pumice  stone  on  one  hand  to  a  dense  lime- 
stone on  the  other.  It  consists  essentially  of  silica,  alumina,  iron  oxide, 
and  lime  with  or  without  magnesia.  Sulphur  is  usually  present  in  small 
quantities.  The  range  of  composition  given  by  various  authorities  is 
as  follows : 

Silica     26.88  to  38.0     percent 

Alumina  10.0     to  28.0     per  cent 

Iron     0.44  to     0.75  per  cent 

Lime   29.0    to  50.0     per  cent 

Magnesia   1.0     to  18.50  per  cent 

Sulphur   trace  to    4.90  per  cent 

In  a  report  prepared  by  Sanford  E.  Thompson  presented  in  abstract 
before  the  American  Concrete  Institute  in  February,  1917,  he  gives  the 
range   of  usual   composition   as   follows : 

Silica    32.0  to  36.0  per  cent 

Alumina  and  Iron 11.0  to  15.0  per  cent 

Lime   40.0  to  48.0  per  cent 

Magnesia  1.0  to     7.0  per  cent 

Sulphur    1.1  to  1.7  per  cent 

He  differentiates  between  magnesian  slags  in  which  the  magnesia 
content  is  above  4  per  cent,  and  limestone  slags  in  which  magnesia  is 
present  to  less  than  2  per  cent. 

Slag  is  usually  appreciably  lighter  than  stone.  Specific  gravity  is 
not  a  reliable  index  on  account  of  its  porous  nature.  The  weight  per 
cubic  foot  of  crushed  slag  varies  from  nearly  100  lbs.  to  less  than 
50  lbs.  The  concrete  made  with  it  also  weighs  less  than  stone  or  gravel 
concrete  but  usually   not    less    than    135   lbs.    per   CU.    ft. 

Use. 

The  use  of  slag  as  an  aggregate  in  concrete  covers  a  period  of 
20  years  or  more  but  it  is  only  within  recent  years  that  it  h.i*  had 
extended  use  particularly  in  reinforced  concrete.  Beginning  with  its 
utilization  lor  the  concrete  structures  of  tin  teel  companies  the  greatest 
development  has  been  in  the  communities  tributary  to  the  steel 
mills.  Large  quantities  of  slag  are  used  in  building  operation,  particu- 
larly in  Birmingham,  Cleveland  and  Voungstown,  Ohio.  The  use  ol 
slag  in  concrete  i-  sanctioned  by  the  building  ordinances  oi  Detroit, 
Geveland,  Chicago,  Philadelphia  and  Voungstown.  Probablj  tin-  most 
general  use  bas  been  at  Cleveland,  where  a  large  Dumber  of  reinforced 
concrete  building    i).i\<   been  constructed  with  si: 
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Specific  examples  of  concrete  structures  in  which  slag  is  used  include 
the  grade  separation  structures  of  the  Seaboard  Air  Line  at  Birmingham 
involving  11,000  cu.  yds.,  the  Rocky  River  Bridge  at  Rocky  River,  Ohio, 
subway  structures  of  the  Philadelphia  Rapid  Transit  Company  and  the 
North  Howard  Street  Bridge  at  Akron,  Ohio.  The  last  is  an  arch 
bridge  nearly  800  ft.  long  with  a  roadway  190  ft.  above  the  bed  stream 
and  required  the  use  of  5,000  cu.  yds,  of  concrete. 

Strength. 

Numerous  tests  have  been  made  of  slag  concrete  which  show  con- 
clusively that  a  properly  selected  slag  when  used  as  the  coarse  aggregate 
with  a  good  quality  of  sand  as  the  fine  aggregate  will  produce  a  strong 
concrete. 

These  tests  include  the  following: 

Tests  made  by  Sanford  E.  Thompson  in  connection  with  his  in 
tigation     and     reported    before     the      American     Concrete     Institute     in 
February,   1917. 

Tests  by  Robert  \V.  Hunt  Company  in  September  and  November, 
1908. 

Tests  at  Cornell  University  reported  in  the  Cornell  Civil  Engineer 
in  1913. 

Tests  at  Columbia  University,  Department  of  Civil  Engineering. 
January  1914. 

Tests  by  Carnegie  Steel   Company  in   1911. 

Tests  reported  by  W.  A.  Aiken,  Proceedings  of  American  Society 
for  Testing  Materials,  1914. 

Five  year  tests  by  the  Pittsburgh  Testing  Laboratories,  now  in 
progress. 

These  and  other  tests  brought  to  notice  in  recent  years  go  to  show 
that  slag  concretes  are  as  strong  as  stone  or  gravel  concretes  containing 
the  same  quantity  of  cement,  provided  a  properly  selected  material  is 
used.  The  strength  bears  little  relation  to  the  weight  of  the  slag  used, 
the  porous  varieties  producing  concretes  of  fully  as  great ,  strength  as 
the  dense  materials  for  tests  at  28  days.  For  greater  ages  the  concretes 
made  of  denser  slags  show  a  greater  increase  in  strength.  Owing  to 
the  fact  that  slag  is  generally  more  porous  than  stone  it  is  necessary  to 
exercise  care  in  proportioning  to  provide  sufficient  mortar  to  fill  the 
voids  in  the  particles  as  well  as  between  them. 

Soundness. 

A  more  important  question  is  that  of  the  soundness  of  slag  concrete. 
This  question  is  raised  by  the  fact  that  some  slags  <dakc  or  disintegrate 
upon  exposure  to  the  air  and  are  entirely  unsuitable  for  use  as  aj 
gate.  It  is  common  practice  to  allow  the  slag  to  weather  for  a  number 
of  months  before  removing  from  the  bank.  Thi<  results  in  a  hardening 
or   toughening   of   the    stable   slags    and   permits    the   detection   of    those 
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that  disintegrate  upon  exposure  to  the  atmosphere.  A  considerahle 
difference  of  opinion  and  practice  exists  as  to  this  seasoning,  but  good 
practice  would  seem  to  demand  a  period  in  the  bank  of  six  months 
to  a  year.  However,  it  is  a  fact  that  some  slags  are  used  after  only 
a  few  weeks'  exposure  with  apparently  satisfactory  results. 

The  most  discussed  point  in  the  use  of  slag  as  an  aggregate  in 
concrete  arises  from  the  presence  of  sulphur.  It  is  contended  that  a 
lack  of  stability  of  the  compounds  of  this  element  occurring  would 
result  in  the  eventual  disintegration  of  the  concrete  and  also  that  its 
presence  would  lead  to  the  formation  of  sulphuric  acid  which  would 
result  in  the  corrosion  of  embedded  steel.  Sulphur  usually  occurs  as  a 
sulphide  of  calcium,  a  form  in  which  it  is  inactive,  but  in  the  presence 
of  water  it  is  contended  that  sulphuric  acid  would  result.  On  the  other 
hand  slag  concrete  has  been  used  extensively  in  foundation  work  and 
numerous  examples  are  cited  of  anchor  bolts  and  other  embedded  pieces 
of  iron  and  steel  which  have  been  in  close  contact  with  slag  concrete 
containing  sulphur  for  many  years  without  any  sign  of  injury. 

The  following  quotation  is  taken  from  the  report  by  Sanford  E. 
Thompson : 

On  permanence:  "As  a  result  of  a  careful  examination  ot  various 
structures  made  with  slag  concrete  and  interviews  with  users  of  slag 
concrete,  I  find  no  evidence  of  disintegration  where  Portland  cement 
was  used.  In  certain  cases  with  Puzzolan  or  slag  cement,  the  concrete 
is  not  in  first-class  condition  but  this  is  to  be  expected  with  any 
Puzzolan  cement  concrete  laid  in  air." 

From  "Summary":  "No  authentic  cases  of  deterioration  of  sjag 
concrete  made  of  Portland  cement  or  of  rusting  of  steel  embedded  iu 
such  concrete  have  been  discovered." 

Slag  in  Railway  Structures. 

With  a  view  to  securing  some  data  on  experience  with  slag  in  rail- 
Way  structures  inquiry  was  made  among  railway  engineers  who  have 
used  slag  in  concrete,  hut  owing  to  the  limited  application  oi  this 
material  to  railroad  structures  as  compared  to  office  and  industrial 
buildings,  only  a  few  replies  containing  information  on  the  subject  were 
obtained.     These   replies   arc   given   below : 

New  York   Central    Railroad,   Lines  West. 

"We  are  now  building  the  llimrod  Ave.  \  iaducl  over  our  tracks 
at  Youngstown.  The  structure  is  a  steel  affair  with  thelower  parts 
completely  enclosed  in  concrete.  The  Yourigstowrt  district  is  a  l>.ul  one 
fbi   obtaining  first-class  material  for  concrete.    The  sand  is  rather  poor, 

and  j I  first  class  stone1  ri  not  available.    Some  of  the  sand  and  gravel 

is  obtained  from  rh<   Ohio  river,  which  is  duty  and  full  of  coal. 

"There  is  hence  every  inducement  to  use  slag  on  account  of  its 
cleanliness,  uniformity  of  gradation,  arid  comparatively  lov  cost  The 
freight  situation  in  tins  territorj  is  congested,  and  it  js  hard  to  obtain 
pthei  material  on  this  a<  count 
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"Blast  furnace  slag  has  been  used  for  a  number  of  years  in  a  small 
way.  We  have  examined  retaining  walls  that  were  built  of  slag  at  least 
eight  years  ago,  and  have  found  them  in  excellent  condition.  The  Lorain 
Steel  Company  at  Lorain,  Ohio,  has  used  this  material  quite  extensively 
throughout  its  plant.  At  Warren,  Ohio,  a  city  reinforced  concrete  arch 
was  built  over  the  river,  about  two  years  ago.  This  structure  seems  to 
be  in  excellent  shape. 

"In  view  of  the  circumstances,  we  thought  we  were  warranted  in 
venturing  somewhat  into  a  new  field.  The  viaduct  proper  is  now  about 
completed,  and  the  concrete  seems  to  be  first  class  throughout." 

(Signed)  B.  R.  Leffler,  Engineer  of  Bridges. 


Erie   Railroad. 

"Concerning  the  behavior  of  blast   furnace  slag  as  an  aggregate  in 
plain  and  reinforced  concrete,   I   attach  herewith   for  your  information, 
a  report  on  the  subject  from  our  Inspecting  Engineer,  Mr.  L.  W.  Walter, 
who  is  also  in  charge  of  our  Cement  Laboratory  at  Jersey  City." 
(Signed)     R.    S.    Parsons,    Assistant     to     the     President     and     General 

Manager. 

"Slag  was  used  in  several  structures  on  the  Erie  Railroad  in  the 
years  1905,  1906  and  1907,  and  results  compare  favorably  with  structures 
built  of  other  materials  during  the  same  period.  We  have  more 
recently  used  slag  in  a  few  structures  where  its  use  has  been  of  economic 
advantage.  Such  slag  as  we  are  now  using  in  concrete  work  undergoes 
our  inspection  with  a  view  of  securing  as  dense  a  material  as  is  available. 

"I  will  offer  as  my  opinion  that  there  is  room  for  slag  producers 
to  improve  the  quality  of  their  average  shipment  by  selecting  and 
grading  their  material  with  a  view  of  increasing  the  weight  per  unit  of 
volume.  We  desire  slag  which  will  weigh  2000  lbs.  yer  yard,  but  are 
seldom  able  to  secure  slag  weighing  over  1900  lbs.  per  yard. 

"Our  experience  with  slag  used  on  the  Erie  Railroad  has  been 
limited  to  plain  concrete,  but  from  observation  elsewhere  I  have  formed 
the  opinion  that  slag  in  concrete  does  not  cause  corrosion  of  the  metal 
reinforcement." 

(Signed)     L.    W.    Walter,    Inspecting   Engineer. 


St.   Louis-San   Francisco   Railway. 

"Our  use  of  slag  for  concrete  has  been  limited  to  slag  from  the 
vicinity  of  Birmingham,  Ala.  I  attach  copy  of  a  letter  from  District 
Engineer  H.  B.  Barry,  giving  full  report  in  regard  to  the  use  of  this 
slag  on  our  lines. 

"In  so  far  as  we  can  tell  up  to  this  time,  this  slag  has  been  giving 
very  good  results.  The  only  question  in  regard  to  its  use  as  I  sec  the 
matter  is  whether  or  not  there  will  be  any  chemical  action  in  future 
which  might  affect  the  permanency  of  slag  concrete.  Our  experience 
up  to  this  time  is  insufficient  tc  pass  on  this  question." 

(Signed)     V.  K.  Hendricks,  Assistant  Chief  Engineer. 

"Beginning  with  the  spring  of  1915,  at  which  time  the  line  between 
Memphis  and  Birmingham  was  added  to  my  territory,  we  have  used 
slag  for  coarse  aggregate  in  concrete  as  follows : 

1915  contract  work 10,500  cu.  yds. 

1916  company   force  work 10,000  cu.  yds. 

1917  company  force  work 5,000  cu.  yds. 

Total 25,500  cu.  yds. 
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"This  material  has  been  used  in  this  work  in  a  number  of  different 
kinds  of  structures,  including  concrete  box  culverts  with  reinforced 
tops;  reinforced  concrete  wagon  bridge  on  steel  I-beams;  plain  concrete 
piers,  and  plain  concrete  abutments.  The  box  culverts  have  varied  in 
size  from  a  3x2  to  a  triple  16x16.  The  largest  arch  we  have  built  is 
a  26x12.  In  all  of  these  structures  we  have  used  steel  furnace  slag. 
The  fine  aggregate  on  the  work  was  sand.  All  of  these  structures  were 
mixed  as  per  our  standard  plans  and  specifications.  The  arches,  piers,  and 
abutments  are   all   of   1-3-6  mix  and  the  box  culverts   of    1-2-J4-5   mix. 

"None  of  these  structures  has  shown  any  signs  of  failure  or 
deterioration.  In  finish  and  appearance  these  structures  are  as  good 
as  should  be  expected  in  ordinary  railroad  work.  It  is  a  little  difficult 
for  a  green  gang  to  properly  spade  slag  concrete  to  give  a  good  surface 
finish  for,  owing  to  the  porous  nature  of  the  slag,  it  soaks  up  the  thin 
mortar  against  the  form,  and  unless  a  little  extra  spading  is  done,  the 
faces  of  the  structure  will  be  left  honeycombed.  With  a  little  experi- 
ence and  additional  care,  however,  this  difficulty  can  be  entirely- 
overcome. 

"We  have  made  a  number  of  tests  to  determine  compression  strength 
of  slag  concrete,  the  samples  being  taken  from  the  mixers  on  the  job. 
Our  samples  90  days  old  show  an  average  strength  of  about  3000  lbs. 
per  sq.  in.,  and  30  days  old  have  shown  about  2000  lbs.  per  sq.  in. 

"The  slag  that  is  furnished  us  is  all  crushed,  screened  and  washed. 
The  material  comes  very  well  graded,  maximum  size  passing  through 
a  2-in.  ring.  The  only  difficulty  we  have  had  in  getting  this  material 
furnished  in  proper  shape  is  at  times  when  the  slag  is  run  through  the 
crusher  and  screens  in  rainy  weather,  under  which  conditions  the  dust 
and  dirt  is  not  properly  screened  out.  This  due  to  the  poor  facilities 
for  washing  and  screening.  The  slag  company,  however,  is  building  an 
up-to-date  plant,  which  should  be  put  in  operation  within  the  next  few 
months,  and  it  is  their  opinion  that  this  new  plant  will  properly  screen 
and  wash  the  slag  in  all  kinds  of  weather. 

"On  the  whole,  it  is  my  opinion  that  this  slag  is  as  good  if  not 
better  for  concrete  work  than  the  average  limestone  that  we  are  able 
to  buy.  (Signed)    H.   B.   Barry,  District   Engineer. 


Southern   Railway  System,   Lines  West,  Southern   District. 

"I  beg  to  advise  that  we  have  used  it  in  the  construction  of  depot 
platform  curbings  and  sidewalks,  but  to  no  great  extent.  The  work  in 
some  instances  stands  up  very  well,  but  in  others,  where  it  receives 
considerable  abuse,  it  fails  under  the  service." 

(Signed)     R.  D.  Tobien,  Engineer  Maintenance 


Seaboard   Air   Line   Railway  Company. 

"Yours  of  August  29th  in  regard  to  use  of  blasl  furnace  slag  in 
retaining  walls  of  this  road  at   Birmingham. 

"The  work  has  been  entirely  satisfactory  to  date,  and  beyond  a  im 
surface  cracks  or  crazing,  there  are  no  signs  ,,f  disintegration  of  anj 
portion  <>f  tin-  work."  (Signed)  W.  1>    Faucette,  Chief  Engineei 


Central   of  Georgia   Railway   Company. 

"I    have    used    slaK    i"    nnurrtc    for    20    war-        I    first    USed    it    when    1 

was  connected  with  tin    Carhegii    Steel  Company.     1   introduced  its  use 
on  this  road  when  I   became  Chiei    I  ngineer,  about   ll   years  ago,  am! 
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we  have  been  using  it  to  a  large  extent  since  that  time,  using  it  at  all 
points  on  our  line  where  it  is  cheaper  than  other  aggregates.  For  heavy 
walls  we  have  used  considerable  pit  run,  screening  the  dust  only.  For 
some  time  past,  we  have  been  using  crushed  slag. 

"We  have  not  used  it  as  yet  to  any  great  extent  in  reinforced  slab 
work,  although  I  believe  it  will  prove  entirely  satisfactory — in  fact  I 
know  from  other  reports  that  it  has  been  satisfactory.  It  was  i^sed 
almost  entirely  in  connection  with  the  Macon  Station,  and  has  proved 
entirely  satisfactory.  I  have  never  known  a  failure,  and  we  find  that 
wherever  we  are  obliged  to  cut  into  a  wall  of  slag  aggregate  that  it  is 
harder  than  any  other  concrete.  We  have  used  it  to  a  large  extent  in 
arches  and  in  practically  all  kinds  of  concrete  work,  but  the  only  work 
that  I  consider  it  inferior  to  stone  is  for  street  or  road  paving.  Our 
experience  is  that  it  will  not  wear  as  evenly  or  as  well  as  hrst-class 
quality  of  stone.  I  believe  that  in  order  to  get  the  best  results  where 
much  of  the  slag  is  honeycombed  that  it  would  be  better  to  thoroughly 
mix  the  concrete  dry  in  order  to  have  the  cement  penetrate  the  voids 
before   applying   water.   " 

(Signed)     C.    K.    Lawrence,    Chief    Engineer. 


The   Wilkes-Barre  Company. 

"Your  letter  addressed  to  me  at  New  York  has  been  forwarded 
to  me  and  I  will  endeavor  to  give  you  what  information  I  can  in  regard 
to  the  results  we  obtained  with  the  use  of  slag  while  I  was  connected 
with  the  Birmingham  Railway,  Light  and  Power  Company. 

"This  company  had  been  using  slag  for  railway  ballast  for  a  number 
of  years.  Practically  the  first  use  of  slag  in  building  foundation  work 
was  on  the  construction  of  a  foundation  for  a  three  million  cubic  foot 
gas  holder. 

"Our  next  use  of  slag  was  in  the  construction  of  several  new  build- 
ings in  which  we  used  it  for  reinforced  floors  and  4  in.  slab  roofs  with 
expanded  metal.  Most  of  this  work,  which  was  put  in  five  or  six  years 
ago,  is  in  as  good  condition  as  when  first  put  in  and  does  not  show  any 
sign  of  deterioration.  We  also  used  slag  for  the  construction  of  lintels 
and  coping  for  the  various  huildings  and  turned  out  some  very  good 
work. 

"Prior  to  my  connection  with  the  Birmingham  Railway,  Light  and 
Power  Company,  I  had  charge  of  the  concrete  work  on  the  construction 
of  the  large  coke  oven  plant.  At  that  time,  we  put  in  over  one  hundred 
thousand  yards  of  concrete  and  slag  was  used  altogether  as  the  coarse 
aggregate,  and  for  all  foundation  work  we  used  natural  cement.  In  the 
reinforced  floor  work  and  tar  and  oil  sumps,  Portland  cement  was  used 
in  order  to  get  a  more  impervious  mixture.  To  make  way  for  the  new 
construction,  it  was  necessary  for  us  to  tear  down  some  old  reinforced 
concrete  work  where  slag  had  been  used,  that  had  been  in  for  a  number 
of  years,  and  we  found  the  steel  work  was  in  as  good  condition  as  when 
it  was  first  put  in. 

"I  was  very  much  in  favor  of  slag  for  use  in  concrete  and  would 
use  it  wherever  it  can  be  obtained,  as  every  place  we  have  used  it  we 
have  secured  excellent  results." 

(Signed)    J.   H.   MacVeigh. 
Formerly   Engineer  Birmingham  Light  Head  &  Traction  Co. 
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Specifications. 

The  following  specification  for  slag  has  been  compiled : 

Suggested  by  Sanford  E.  Thompson,  based  on  his  investigation. 

"Slag  must  be  air-cooled,  crushed  and  screened  from  dust  and  free 
from  foreign  material.  The  weight  of  screened  slag  when  shaken  to 
refusal  should  not  be  less  than  65  lb.  per  cu.  ft. 

"It  is  suggested  that  slag  not  falling  within  the  limits  of  composition 
given  be  rejected." 


General  specifications  for  concrete  and  reinforced  concrete  by  Jerome 
Cochran,  1913: 

"Only  best  quality  of  hot  pot  slag  free  from  dust  and  foreign  mat- 
ter shall  be  used.  Slag  shall  be  nearly  free  from  sulphur  and  other  in- 
jurious agents,  and  must  be  hard  and  not  spongy.  Slag  a  few  months 
old  is  better  and  freer  from  sulphur. 

"Crushed  furnace  slag  conforming  with  the  specifications  for  size 
and  quality  which  will  develop  under  a  test  a  crushing  and  transverse 
strength  equal  to  that  of  the  stone  herein  specified,  may  be  substituted. 
Should,  however,  the  percentage  of  voids  in  the  slag  prove  excessive  a 
reduction  in  the  proportion  of  slag  may  be  made  without  additional 
compensation." 


New   York   Central    Lines  West. 

"Coarse  and  crushed  slag  may  be  used  in  concrete  in  place  of 
crushed  stone  or  gravel. 

"The  slag  shall  have  the  following  properties : 

"The  slag  shall  weigh  not  less  than  70  lb.  per  cu.  ft.  The  lime  shall 
not  exceed  48  per  cent.  The  sulphur  compounds  shall  not  exceed  1.7 
per  cent.  No  free  sulphur  will  be  allowed.  The  silica  shall  not  be  less 
than  33l/i  per  cent. 

"The  contractor  shall  make  a  chemical  analysis  ol"  every  2000  cu.  yd. 
of  material  that  is  furnished.  The  Railroad  Company  shall  be  furnished 
with  a  copy  of  the  analysis. 

"The  slag  shall  be  air-cooled  blast  furnace  product.  It  shall  be  cured 
for  at  least  two  months." 


Central   of  Georgia   Railway  Company. 

"Tin-  slag  shall  be  crushed  to  the  same  size  we  would  require  in 
Stone— to  be  free  from  dirt  and  dust.  The  only  specification  we  require 
in  addition   to  that  covering  stone  is  that  the  slag  should   season   at    least 

one  year   in   the  slag  bank   before  being  used." 


Detroit-Superior   Viaduct,   County    of   Cuyahoga,   Ohio. 

Slag  shall  be  of  uniform  texture  with  a  minimum  of  cell  holes,  hard 
and  reasonably    Ere<    Erom   foreign  substance,  which  shall  weigh  nol 

than    2000   lb     P<  r   «u.   yd. 

Broken  >i    slag   used   as   a   coat  ate    -hall    have   an 

abrasion   loss  of  not   more  than    10,  a    factor  ol    hardm        ol    not    less  than 
12,    and    a    factOl    "i    tOUghllCSS   of    not    less   than   6 


Building   Department,  City  of  Philadelphia. 

Coarse  aggregate  -hall  consi  t  of  cm  hed  tone,  gravel,  "i  slag  Th< 
particles  hall  be  clean,  haul,  durable  and  inr  from  all  deleterious 
matei  ial. 
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All  slag  shall  be  clean,  air-cooled  blast  furnace  slag,  weighing  not 
less  than  75  lb.  per  cu.  ft.  and  containing  not  more  than  1.3  per  cent,  of 
sulphur  as  sulphides. 


Ohio  State   Highway  Department. 

General. 

The  broken   slag   shall   be  clean,   sound,   durable,   reasonably  uniform 
in  density  and  quality  and  free  from  thin  or  elongated  pieces. 

Grades 

ABC 

Chemical  Composition. 

Silica   (SiO)—  not  less  than   32%        32%        32% 

Calcium   oxide    (CaO) — not   over 45%         45%         45% 

Sulphur  (S)— not  over 1.57c       2%  2% 

Physical  Properties. 

Per  cent,  of  wear  (stone  test) — not  over.... 10%         15%         20% 
Or,  per  cent,  of  wear  (gravel  test) — not  over. 20% 

Toughness — not    less   than 5%  5$ 

Weight  per  cubic   foot    (as   aggregate) — not 

less  than    70  lb.       65  lb. 


SI  M MARY. 


(1)  The  strength  of  concrete  in  which  selected  slag  is  used  as 
the  coarse  aggregate  is  equal  to  that  of  a  concrete  made  of  stone  if  an 
equal  amount  of  cement  is   used  per  volume  of  concrete. 

(2)  The  extensive  use  of  slag  concrete  over  a  period  of  years 
has  demonstrated  its  permanence  for  buildings,  retaining  walls,  bridges 
and  foundations  work  where  the  structure  is  exposed  to  ordinary 
conditions. 

(3)  No  data  on  water-tightness,  or  behavior  when  submerged,  were 
obtained. 

(4)  No  case  has  been  brought  to  notice  where  embedded  steel 
became  corroded  in   a   slag  concrete. 

(5)  In  general,  slag  concretes  are  superior  to  stone  or  gravel 
concretes    where    exposed    to    high    temperatures. 

(6)  The  user  of  slag  for  a  concrete  aggregate  should  satisfy  him- 
self as  to  suitability  of  the  material  tributary  to  his  locality,  from 
observation  of  the  method  of  production  and  the  service  records  of 
structures   previously   built. 
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Appendix    E. 

DESIGNS   AND  RECOMMENDED  SPECIFICATIONS    POR   CON 

STRUCTION  OF  CONCRETE  CULVERT  PIPE. 

Top   TUTHILL,   Chairman,    Sub-Committee. 

Plans  and  specifications  of  concrete  pipe  were  obtained  from  all 
railroad  companies  known  to  have  plans  and  specifications  of  their  own, 
from  firms  manufacturing  concrete  pipe  and  from  the  Highway  De- 
partments of  several  states.  The  general  features  of  these  are  outlined 
in  Table  I,  and  in  the  accompanying  plans. 

An  analysis  was  made  of  several  of  the  designs  obtained,  based 
upon  developing  16,000  lbs.  unit  stress  in  the  steel  reinforcement,  the 
results  of  which   arc   shown   in  Table   II. 

The  designs  are  of  four  types  as  to  form  and  reinforcement: 

1.  Circular  in  cross-section  with  two  concentric  layers  of  reinforce- 
ment, one  near  the  outside  surface  and  the  other  near  the  inside  surface 
of  the  pipe. 

2.  Circular  in  cross-section  with  one  layer  of  reinforcement  placed 
elliptically  so  as  to  pass  continuously  through  all  parts  of  the  pipe  that 
are  subject  to  tension. 

3.  Oval  in  cross-section  with  one  layer  of  circular  reinforcement 
placed  so  as  to  pass  continuously  through  all  parts  of  the  pipe  that  arc 
subject  to  tension. 

4.  Circular  in  cross-section  with  one  layer  of  concentric  reinforce- 
ment. 

As  the  points  of  greatest  bending  moments  in  the  pipe  are  the  seg- 
ments crossed  by  the  vertical  and  the  horizontal  diameters  with  the 
resulting  tensile  stress  in  the  inner  portion  of  the  pipe  for  the  vertical 
and  in  the  outer  portion  for  the  horizontal  moments,  the  fourth  type  of 
design  does  not  provide  reinforcement  for  the  tensile  stress  from  the 
horizontal  moments  and  is,  therefore,  not  recommended  for  use  for 
culverts. 

Pipes  reinforced  as  in  types  No.  2  and  No.  3  should  have  the  top 
plainly  marked  in  order  that  the  pipe  may  be  placed  so  that  the  rein- 
forcement is  in  the  proper  position  to  carry  the  tensile  stresses. 

In  designing  reinforced  concrete  culvcit  pipe  the  use  of  unit  stresses 
per  square  inch  of  700  lbs.  compression  in  the  concrete  and  16,000  lbs. 
tension  in  the  steel  may  be  considered  good  practice,  and  to  develop 
these   stresses   approximately  .88  per  cent,  of   reinforcement  is   required. 

Note.— Reference  is  made  to  a  Bibliography  on  the  manufacture  and 
use  of  concrete  pipe  in  Proceedings  of  American  Railway  Bridge  and  Build- 
ing  Association   for  1915. 
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The  following  formulae  are  proposed  for  the  thickness  of  the  pipe  and 
the  area  of  the  reinforcement,  in  which: 

t  =  distance  in  inches  from  the  center  of   the  reinforcement 
to  the  compression  face  of  the  concrete. 

a  =  distance  in  inches  from  the  center  of  the  reinforcement 
to  the  tension  face  of  the  concrete. 

t1  =  t  +  a  =  total  thickness   of  the  pipe. 
A  =  area  of  reinforcement  in  square  inches. 

d  — mean  diameter  of  the  pipe  in  feet. 

w='\veight  per  square  foot  of  the  load  on  the  pipe  in  pounds. 

p  =  0.83  per  cent,  of  reinforcement. 

fs  =  16,000  lbs.  =  unit  tensile  stress  in  the   reinforcement. 

fc  =  680  lbs.  ==  unit  compressive  stress  in  the  concrete. 

(1)  t  =  0.023dVw  or 

(2)  t  =  0.03d  Vw 

(3)  A  =  0.10t 

(4)  t*  =  t  +  a 

These  formulae  are  derived  from  those  developed  by  Prof.  A.  N. 
Talbot  from  his  experiments  and  tests  of  the  strength  of  pipe  published 
in  Bulletin  No.  22  of  the  Engineering  Experiment  Station  of  the  Uni- 
versity of  Illinois,  viz. : 

M  =  ^wdi  for  the  value  of  the  bending  moment  due  to  the  load. 
MR  =  0.87  A  fs  t  for  the  moment  of  resistance  of  the  pipe. 

The  value  (1),  t  =  0.023d  Vw,  is  obtained  from  the  above  bending 
moment  rVwd*;  the  value  (2),  t  =  0.03d Vw,  from  the  bending  moment 
1/1  Owd2. 

The  first  is  given  by  Prof.  Talbot  in  the  Bulletin  and  he  has  lately 
said  : 

"The  moment  coefficient  1/16  is  the  value  derived  for  a  load  uni- 
formly distributed  horizontally  over  the  width  of  the  pipe  and  for  a 
corresponding  distribution  of  pressure  below  the  pipe.  To  secure  this 
condition  the  pipe  must  be  unusually  well  bedded  and  there  should  be 
tamping  on  the  sides  of  the  pipe  even  although  pressure  from  the  sides 
would  help  to  reduce  the  bending  moment.  If  the  pipe  has  not  been 
bedded  and  filled  in  the  best  manner  the  bending  moment  developed  in 
the  pipe  may  be  materially  more  than  that  used  above.  Committee  C-6 
of  the  American  Society  for  Testing  Materials  selected  the  value  1  lOW'd 
for  the  value  of  the  bending  moment  for  large  drain  tile  laid  in  whal 
is  called  ordinarily  best  practice.  This  is  the  value  derived  for  a  distri- 
bution of  load  over  one-fourth  of  the  circumference  at  the  top  of  the 
pipe  and  a  similar  distribution  of  pressure  below  the  pipe.  It  seems 
probable  that  moments  al  least  as  large  as  this  may  be  expected  to  be 
i>iil  in  case  only  ordinary  cure  is  used  in  bedding  ibe  pipe  and  in 
filling.     For  this  value  of  the  bending  moment,  we  have 

t  =  0.029dV~w 
ml  ,03  are  as  accurate  as  the  conditions  warrant.    It 
sible  thai  .03  is  nol  high  enough   for  many  conditions  of  bedding 
and  idling." 
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In  view  of  the  possible  lack  of  extreme  care  in  bedding  the  pipe 
and  in  filling  around  it,  the  value  of  equation  (2)  for  the  value  of  "t" 
is  recommended,  viz. : 

t  =  0.03d Vw  ' 

The  load  per  square  foot  "w"  will  be  the  weight  of  the  prism  of 
earth  above  the  pipe,  the  load  from  an  engine  and  the  load  from  impact. 
The  weight  of  the  earth  will  increase  with  the  height  of  the  fill  while 
the  load  from  the  engine  and  from  impact  will  decrease;  the  latter  prob- 
ably need  not  be  considered  except  for  low  fills.  It  is  evident  also  that 
the  proportion  of  the  weight  of  the  prism  of  earth  coming  on  the  pipe 
decreases  as  the  height  increases.  The  Sub-Committee  has  given  con- 
siderable study  to  the  problem,  to  find  a  value  for  the  load  per  square 
foot  that  would  be  sufficient  for  general  use,  but  have  been  unable  to 
find  enough  data  to  determine  this  satisfactorily. 

The  desirability  of  one  value  for  all  heights  of  fill  under  ordinary 
conditions  is  very  evident,  and  we  ask  that  further  investigation  be  made 
for  that  purpose. 
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TABLE  II. 
Railroad  A. 

Size 

Pipe 

Diam. 

t. 

A 

Forf 

s  =  16(X 

sq 

in. 

P 

J 

w1 

w* 

fc 

18" 

1.75* 

2.00" 

.170 

.085t 

.0071 

.878 

2400 

1500 

620 

24" 

2.33' 

3.00" 

.170 

.057t 

.0048 

.896 

1800 

1125 

490 

36" 

3.33' 

3.00" 

.338 

.113t 

.0094 

.864 

1690 

1060 

740 

42" 

3.83' 

3.00" 

.423 

.141t 

.0165 

.851 

1590 

1000 

850 

48" 

4.38' 

3.50" 

.520 

.149t 

.0124 

.850 

1730 

1080 

880 

60" 

5.50' 

4.75" 

.667 

.140t 

.0117 

.860 

1920 

1200 

889 

Railroad  B. 

24" 

2.25' 

2.50" 

.250 

.10t 

.0083 

.87 

2280 

1425 

680 

30" 

2.83' 

3.50" 

.338 

.097t 

.0081 

.872 

2750 

1720 

675 

36" 

3.36' 

3.75" 

.423 

.113t 

.0094 

.864 

2500 

1610 

740 

42" 

3.90' 

4.00" 

.485 

.121t 

.0101 

.861 

2340 

1460 

780 

48" 

4.45' 

4.50" 

.500 

.lilt 

.0093 

.866 

2100 

1310 

735 

60" 

5.52' 

4.75" 

.600 

.126t 

.0105 

.859 

1720 

1075 

795 

72" 

6.60' 

6.25" 

.750 

.120t 
Railro. 

.0100 

\D   C. 

.861 

1980 

1240 

770 

24" 

2.33' 

3.00" 

.116 

.039t 

.0033 

.896 

1240 

775 

334 

30" 

2.92' 

4.00" 

.116 

.029t 

.0024 

.908 

1060 

660 

280 

36" 

3.42' 

4.00" 

.125 

.03  It 

.0026 

.906 

820 

510 

294 

48" 

4.42' 

4.00" 

.131 

.033t 

.0027 

.901 

520 

325 

300 

60" 

5.42' 

4.00" 

.150 

.038t 

.0032 

.897 

400 

250 

330 

72" 

6.50' 

5.00" 

.148 

.030t 

.0025 

.907 

340 

212 

290 

Railroad  D. 

Class  "A" 

(Circular 

) 

24" 

2.33' 

3.00" 

.208 

.069t 

.0058 

.89 

2200 

1370 

560 

30" 

2.83' 

3.00" 

.267 

.0S9t 

.0074 

.88 

1870 

1180 

660 

*  36" 

3.33' 

3.00" 

.470 

.157t 

.0131 

.85 

2300 

1440 

930 

42" 

3.83' 

3.00" 

.470 

.157t 

.0131 

.85 

1740 

1080 

930 

48" 

4.33' 

3.00" 

.588 

.196t 

.0163 

.84 

1690 

1050 

1090 

Clas 

5  "B"   (Elliptical) 

24" 

2.29' 

2.50" 

.245 

.09St 

.0082 

.87 

2180 

1360 

670 

30" 

2.83' 

3.00" 

.267 

.089t 

.0074 

.88 

1940 

1165 

660 

36" 

3.38' 

3.50" 

.336 

.096t 

.0080 

.87 

1910 

1190 

660 

42" 

3.92' 

4.00" 

.362 

.091t 

.0076 

.88 

1780 

1110 

670 

48" 

4.46' 

4.50" 

.428 

.095t 

.0079 

.87 

1800 

1120 

650 

Iowa  Hig 

II  WAY 

Commission — Standa 

-d  Pipe. 

15" 

1.44' 

1.50" 

.058 

.040t 

.0033 

.91 

850 

510 

395 

18" 

1.71' 

1.75" 

.077 

.045t 

.0038 

.91 

900 

560 

445 

24" 

2.25' 

2.25" 

.102 

.045t 

.0038 

.91 

880 

550 

445 

30" 

2.80' 

2.75" 

.151 

.054t 

.0045 

.90 

1000 

630 

480 

36" 

3.33' 

3.25" 

.170 

.052t 

.0043 

.90 

950 

600 

460 

42" 

3.88' 

3.75" 

.225 

.060t 

.0050 

.89 

1060 

670 

600 

Idaho  Highway 

'  Commission. 

12" 

1.17' 

1.25" 

.000 

.000 

.0000 

.00 

000 

000 

000 

18" 

1.71' 

1.75" 

.041 

.023t 

.0019 

.93 

480 

300 

000 

24" 

2.23' 

2.00" 

.077 

.038t 

.0032 

.91 

600 

370 

000 

30" 

2.7 '5' 

2.25" 

.110 

.049t 

.0041 

.90 

640 

400 

000 

36" 

3.27' 

2.50" 

.151 

.060t 

.0050 

.89 

670 

416 

000 

Note 

:      The 

value 

w1    is 

obtained    from 

the 

moment    '. 

M=- 

fcwd'; 

W*  from  U  —  ]/\0\vi\ 
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Table  II — Continued. 

Size 

Mean 

Pipe 

Diam. 

t 

A 

For 

f  s  =  16001 

sq. 

in. 

P 

J 

wl 

ws 

1c 

Minnesota 

Highway  Com 

MISSION. 

12" 

1.17' 

1.25" 

.083 

.067t 

.0056 

.89 

1450 

900 

540 

18" 

1.71' 

1.75" 

.083 

.048t 

.0040 

.90 

990 

620 

430 

24" 

2.25' 

2.25" 

.083 

.037t 

.0031 

.91 

720 

450 

370 

30" 

2.80' 

2.50" 

.147 

.059t 

.0049 

.89 

910 

570 

480 

36" 

3.33' 

2.75" 

.147 

.054t 

.0045 

.90 

710 

440 

480 

Railroad  E. 

20"xl8" 

1.71' 

1.87" 

.102 

.054t 

.0045 

.90  ' 

1240 

780 

485 

23"x20" 

1.90' 

2.12" 

.170 

.080t 

.0067 

.88 

1880 

1180 

595 

27"x24" 

2.25' 

2.25" 

.170 

.076t 

.0063 

.88 

1420 

890 

560 

33"x30" 

2.79' 

2.62" 

.170 

.065t 

.0054 

.89 

1080 

680 

525 

40"x36" 

.3.33' 

3.00" 

.354 

.118t 

.0098 

.86 

1740 

1090 

750 

46"x42" 

3.83' 

3.00" 

.356 

.119t 

.0099 

.86 

1350 

840 

755 

52"x48" 

4.36' 

3.12" 

.450 

.144t 

.0120 

.85 

1330 

830 

855 

65"x60" 

5.42' 

3.75" 

.500 

.134t 

.0111 

.86 

1170 

730 

850 

74"x68" 

6.17' 

4.50" 

.500 

.lilt 

.0093 

.87 

1100 

688 

760 

*1  ram 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF  REINFORCED 

CONCRETE  CULVERT 

PIPE 

CONCRETE  MATERIAL. 
Cement. 

1.  The  cement  shall  be  Portland  and  shall   meet   the   requirements 
of   the    Standard    Specifications    for   Portland   cement    of    the    American 
Railway  Engineering  Association.     Cement  that  has  deteriorated  or  In- 
come damaged  during  transportation  or  storage  shall  not  be  used. 
Fine  Aggregate. 

2.  The  fine  aggregate  shall  consist  of  sand  or  crushed  stone,  graded 
from  fine  to  coarse,  and  passing  when  dry  a  screen  having  four  (4) 
meshes  per  linear  inch.  It  shall  preferably  be  of  hard  silicious  mate- 
rial, clean,  coarse  and  free  from  dust,  soft  particles,  loam  and  vege- 
able  or  other  foreign  matter. 

Not  more  than  twenty  (20)   per  cent,  shall  pass  a  sieve  having  fifty 
(50)   meshes  per  linear  inch  and  not  more  than  six    (6)    per  cent,   shall 
pass  a  sieve  having  one  hundred  (100)  meshes  per  linear  inch. 
Coarse  Aggregate. 

3.  The  coarse  aggregate  shall  consist  of  crushed  stone  or  gravel 
which  is  retained  on  a  screen  having  four  (4)  meshes  per  linear  inch 
and  shall  not  exceed  three-quarters  (^4)  of  an  inch  in  greatest  dimen- 
sion for  pipe  four  and  one-half  (4}4)  inches  or  less  in  thickness,  or  one 
(1)  inch  in  greatest  dimension  for  pipe  of  thickness  greater  than  four 
and  one-half  (4yS)  inches.  The  coarse  aggregate  shall  be  a  gradation 
of  sizes  from  the  smallest  t..  the  largest  particles,  ami  shall  be  dean, 

hard,    durable    and    free    irom    all    deleterious    matter.       \  con- 

taining dust,  soft  or  elongated  particles  shall  not  he  used. 
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Water. 

4.  The  water  used  shall  he  free  from  oil,  acid,  alkali  and  vegetable 
matter. 

STEEL  REINFORCEMENT. 

5.  The  steel  for  reinforcement  shall  meet  the  requirements  of  the 
Standard  Specifications  for  Steel  Reinforcement  of  the  American  Rail- 
way Engineering  Association. 

WORKMANSHIP. 
Proportions. 
•    6.     The  proportions  of  the  materials  for  the  concrete  shall  he: 
One     (1)  part  Portland  cement. 
Two    (2)  parts  fine  aggregate. 
Four  (4)   parts  coarse  aggregate. 
Measurement. 

7.  The  unit  of  measure  shall  be  a  cubic  foot.  A  bag  containing  not 
less  than  ninety-four  (94)  lbs.  of  cement  shall  be  assumed  to  measure 
one  cubic  foot  of  cement.  The  fine  and  coarse  aggregate  shall  be  meas- 
ured as  loosely  thrown  into  the  measuring  receptacle.  The  various  in- 
gredients, including  the  water,  shall  be  measured  separately,  and  by  such 
methods  as  to  invariably  secure  the  proper  proportions. 

Mixing. 

8.  The  concrete  materials  shall  be  mixed  to  the  desired  consistency 
in  a  batch  mixer  of  an  approved  type.  The  mixing  shall  continue  for 
at  least  two  (2)  minutes  after  all  the  materials,  including  the  water,  arc 
in  the  mixer. 

Consistency. 

9.  Sufficient  water  shall  be  used  to  produce  a  concrete  of  such  con- 
sistency that  it  will  flow  around  the  reinforcement,  but  not  enough  to 
allow  the  coarse  aggregate  to  separate  from  the  mortar. 

Retempering. 

10.  Retempering  of  mortar  or  concrete,  that  is,  remixing  with 
water  after  it  has  partially  set,  will  not  be  permitted. 

Placing  Concrete. 

11.  The  concrete  shall  be  placed  in  layers  so  as  to  completely  fill 
the  entire  space  between  the  inner  and  the  outer  forms  in  one  continu- 
ous operation ;  and  shall  be  well  spaded  and  compacted  around  the  rein- 
forcing metal,  to  obtain  a  concrete  of  maximum  density,  thoroughly 
bonded  with  the  reinforcement,  and  smooth,  dense  watertight  surfaces 
inside  and  outside  of  the  pipe. 

Temperature. 

12.  No  pipe  shall  be  manufactured  in  a  temperature  below  forty 
(40)  degrees  Fahrenheit.     Both  aggregates  shall  be  heated  it'  necessary  to 

remove   frost   and    frozen  lumps. 
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Forms. 

13.  The  forms  shall  be  steel  or  metal-lined,  true  to  plan,  substan- 
tial and  unyielding.  They  shall  be  kept  free  from  rust,  carefully  cleaned 
of  all  adhering  concrete  alter  each  use,  and  well  oiled  or  greased  each 
time  before  the  concrete  is  placed. 

DESIGN. 
Classes. 

14.  Reinforced  concrete  culvert  shall  be  of  the  following  classes  or 
forms : 

A — Circular  in  cross-section  with  two  (2)  concentric  layers  of  rein- 
forcement. 

B— Circular  in  cross-section  with  one  (1)  layer  of  reinforcement  placed 
elliptically. 

C— Oval  in  cross-section  with  one  (1)  circular  layer  of  reinforcement. 
In  all  classes  the  location  of  the  reinforcement  shall  be  so  designed 

that  it  will  receive  and  carry  the  tensile  stresses. 

Thickness  and  Area   Reinforcement. 

15.  The  thickness  of  the  pipe  and  the  area  of  the  reinforcement 
shall  be  based  upon  unit  stresses  of  seven  hundred  (700)  lbs.  per  square 
inch  compression  in  the  concrete  and  sixteen  thousand  (16,000)  lbs. 
per  square  inch  tension  in  the  steel  and  0.83  per  cent,  of  reinforcement, 
and  shall  be  determined  by  the   following  formulae : 

t1  =  t  +  a 
t  =  0.03d  Vw 
A  =  0.10t 
In  which :  t1  =  total  thickness  of  the  pipe  in  inches 
d  =  mean  diameter  of  the  pipe  in  feet 
w  =  load  per  square  foot  on  the  pipe  in  pounds 
a  =  distance    from    the    center    of    the    reinforcement    to    the 

tension  face  of  the  concrete. 
t  =  distance  from  the  center  of  the  reinforcement   to  the  coin 

pression   face  of  the  concrete. 
A  =  area  of  the  reinforcement  in  square  inches, 
"a"    shall    not   be   less    than    three  -quarters    ( -^  j )    of    an    inch    for    pipe 
less  than    four    (4)    inches  thick,  and  not   less  than  one    (])    inch    for  pine 
of  ttffcfeness  greater  than   four  (4)  inches. 

"w"  shall  be  the  weight  of  the  earth  fill,  assumed  at  one  hundred 
and  thirty  (130)  lbs,  pet  cubit  ifooi  to  which  shall  be  added  for  the 
engine  Load  an  amount  obtained  by  dividing  four  thousand  five  hundred 
i  I  Mi)  llis.  i,\  one  plui  one-half  the  height  of  the  till  above  the  pipe 
in  feet.    Jn  no  case  shall  "w"  be  less  than  two  thousand  (2000)  lbs. 

DETAIl  5  <  >F  ruXSTkrrnON. 

Reinforcement. 

W     The  n  inidi, (in.  i  and  longitudinal 

rods  of  the    i  ,    and  uired  by  the  design;  <>r  of  triangular 
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wire  mesh  or  similar  wire  mesh  of  the  size  and  weight  required.  The 
transverse  and  longitudinal  rods  shall  be  securely  wired  together  at  their 
intersections  with  No.   16  gage  soft  steel  wire. 

When  two  (2)  layers  of  reinforcement  are  used  they  shall  be  con- 
nected together  at  proper  intervals  by  tie  struts  so  arranged  that  the 
two  (2)  layers  may  be  handled  as  one  member. 

The  reinforcement  shall  be  thoroughly  cleaned  of  all  rust  and  scales, 
accurately  placed  and  rigidly  secured  against  displacement  during  the 
placing  of  the  concrete. 

Splicing   Reinforcement. 

17.  All  splices  shall  be  made  at  points  of  minimum  stress.  The 
splices  in  wire  mesh  shall  lap  at  least  two  spaces  or  not  less  than  eight 
(8)  inches.  Rods  shall  lap  not  less  than  twenty-four  (24)  diameters 
and  the  laps  shall  be  tightly   wired   with   No.   16  gage   soft  steel   wire. 

Joints. 

18.  The  joints  shall  be  of  the  bell  and  spigot  type.  Where  the 
thickness  of  the  pipe  is  sufficient  the  bell  may  have  the  same  external 
diameter  as  the  body  of  the  pipe ;  where  the  thickness  is  not  sufficient 
to  permit  this  the  end  of  the  pipe  shall  be  flared  out  to  form  the  bell. 

The  reinforcement  shall  be  extended  into  the  bell  and  bent  to  its 
form;  with  rod  reinforcement  two  (2)  transverse  rods  shall  be  placed 
in  the  bell  and  the  longitudinal  rods,  bent  if  necessary  to  the  form  of  the 
bell,  shall  be  securely  wired  to  these  transverse  rods. 

The  top  of  pipe  with  reinforcement  placed  as  in  Classes  "B"  and 
"C"  shall  be  marked  on  both  ends  with  the  word  "Top"  in  order  to 
insure  the  proper  placing  of  the  pipe. 

Finish. 

19.  All  pipe  shall  have  a  clean,  smooth  finish  both  inside  and  out- 
side. All  smoothing,  trimming  or  cleaning  shall  be  done  immediately 
after  the  forms  are  removed. 

Curing. 

20.  The  forms  shall  not  be  removed  until  the  concrete  has  thor- 
oughly hardened  and  will  not  be  injured  or  the  pipe  deformed  in 
handling;  and  in  no  event  in  less  than  twenty- four  (24)  hours  after  the 
concrete  is  placed. 

The  pipe  shall  be  kept  moist  by  frequent  sprinkling  with  water  for 
not  less  than  seven  (7)  days,  sheltered  from  the  sun  during  hot  weather, 
and  allowed  to  cure  for  twenty-eight  (28)  days  before  shipping;  and 
shall  not  be  subject  to  full  loading  in  less  than  forty-five  (45)  days 
after  casting. 

PATENTS. 

21.  The  contractor  or  manufacturer  shall  pay  all  royalties  for  the 
use  of  patented  designs  or  devices  or   forms  of  construction,  and  shall 
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protect    the    Railroad    Company    from    all    claims    of    infringement?    or 
liability  for  the  use  of  such  patents. 

INSPECTION. 

22.  All  material  and  all  processes  of  manufacture  shall  be  subject 
to  inspection  and  approval  at  all  times.  Free  access  shall  be  provided 
for  all  authorized  inspectors  to  all  parts  of  factories  and  plants  in 
which  the  pipe  or  the  materials  for  the  same  are  made  or  prepared. 

All  facilities  for  the  desired  inspection  of  materials  and  workman- 
ship shall  be  furnished  free  of  charge  by  the  contractor  as  requested.  In 
general  the  cement  and  reinforcing  material  will  be  inspected  at  the 
factory  or  mill.  The  aggregates  and  process  of  manufacture  will  be 
inspected  at  the  pipe  plant. 

At  the  time  the  forms  are  removed  the  inspector  shall  carefully 
examine  each  piece  of  pipe  and  shall  stamp  or  print  the  date  of  manu- 
facture on  the  bell  end  of  each  pipe  accepted. 

Pipe  that  is  injured  or  develops  imperfections  while  stored  at  the 
manufacturer's  plant  will  be  rejected,  notwithstanding  the  inspector's 
previous  acceptance.  No  defective  pipe  shall  be  loaded  for  shipment. 
All  pipe  shall  be  so  loaded  and  braced  that  they  will  not  be  broken  in 
transit. 
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REPORT  OF  COMMITTEE  XII— ON  RULES  AND 
ORGANIZATION. 

Jos,  Mullen,  Chairman;  F.  D.  Anthony,   V ice-Chairman; 

O.  F.  Barnes,  B.   Herman, 

W.  C.  Barrett,  A.  J.  FIimes, 

L.   L.  Beali.,  F.  D.  Lakin, 

H.  L.  Browne,  B.  M.  McDonai.h. 

J.  B.  Carothers,  H.  A.  Osgood, 

S.  E.  Coombs,  E.  T.  Reislkr. 

E.  J.  Correll,  W.  H.   Rupp, 

Curtis  Dougherty,  P.  T.   Simons, 

H..H.  Edgerton,  R.  E.  Warden, 

W.  H.  Finley, 

Committee, 

To  the  American  Railway  Engineering  Association: 

The  Board  of  Direction  assigned  the  following  subjects  to  your  Cum 
mittee: 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes. 

2.  Prepare  a  "Manual  of  Instructions  for  the  Guidance  of  Engineer- 
ing Field  Parties." 

3.  Continue  the  study  of  Science  of  Organization. 

4.  Prepare  a  "Manual  of  Rules  for  the  Guidance  of  Employes  of 
the  Maintenance  of  Way  Department." 

Sub-Committees  were  appointed  to  deal  with  the  above-mentioned 
subjects. 

COMMITTEE  MEETINGS. 

The  Committee  met  at  the  office  of  the  Association  in  Chicago;  July 
11,  1917,  six  members  being  present.  In  addition,  meetings  were  held 
at  various  times  and  places  by  the  Sub-Committees. 

PROGRESS   REPORTS. 
A   large   amount   of   work   has  been   done  on    the    subjects   given    the 

Committee,  hut  the  material  is  not  in  final  form  for  presentation.  The 
Committee  therefore  a^ks  for  further  time  in  which  to  present  complete 
reports  of  the  topics   referred   to   it. 

SCIENCE  <  i!    ORG  WIX  Vl'loW 
Under  this  topic   the   Committee   has   had   compiled   a   bibliography, 
which  is  given  in    appendix    V 

Respect  fullj    submitt<  d, 

Tii  i   t  low  m  1 1  iti.  on   Rules   vnd  <  >rg  \ 
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Appendix  A. 

(3)     THE  SCIENCE   OF   98GANIZATI0N. 

A.  J.  Himes.  Chairman,  Sub-Committee. 

Five  successive  years  the  Directors  have  assigned  to  the  Committee 
on  Rules  and  Organization  the  study  of  scientific  management.  Through- 
out this  time  very  little  has  been  done,  apparently,  because  of  a  lack  of 
interest  on  the  part  of  the  Association.  We  arc  missing  a  great  oppor- 
tunity. To-day  when  the  importance  of  human  organization  in  every 
form  transcends  all  other  needs,  we  come  empty-handed,  not  having  fore- 
seen and  provided  against  the  present  extremity. 

W'c  should  focus  upon  the  subject  all  the  powers  and  resources  of 
scientific  learning  and  experience.  Scientific  methods  of  investigation 
and  research  should  be  applied  for  the  purpose  and  with  the  expectation 
of  writing  a  formula  with  which  to  guide  those  who  are  called  upon  to 
direct  the  affairs  of  their  fellow-men.  We  should  clearly  discern  the 
need.  A  thorough  and  exhaustive  consideration  and  discussion  should 
be  had  of  the  necessity  and  the  utility  of  organization.  A  like  treatment 
should  then  be  given  to  the  resources  which  may  be  used  in  its  develop- 
ment. Having  shown  the  need  and  discovered  the  resources,  attention 
should  be  given  to  their  application  and  a  means  of  solution  presented 
for  any  specific  problem. 

It  is  hoped  that  some  interest  may  be  aroused  among  the  members 
and  a  discussion  started  which  will  bring  forth  a  series  of  monographs. 
Out  of  the  abundant  experience  and  careful  thought  of  our  members  we 
should  give  freely  to  the  world  in  its  hour  of  trial. 

The  discussion  in  the  beginning  might  well  be  abstract  and  scientific. 
At  a  later  date  it  should  pertain  directly  to  the  practical  and  important 
application  of  scientific  principles  to  railroad  operation.  It  will  be  con- 
ceded that  a  careful  study  of  the  subject  in  the  unrivaled  manner  avail- 
able in  our  Society  will  achieve  far  better  results  than  individual  study, 
and  no  better  justification  for  our  being  exists  at  present.  To  facilitate 
the  study  and  discussion,  the  Committee  submits  a  bibliography  in  which 
one  can  readily  find  abundant  information  and  suggestions  for  various 
methods  of  treatment. 

Charts  have  been  secured  illustrating  the  maintenance  organizations 
on  many  of  the  leading  roads.  These  charts  can  lie  furnished  by  the 
Committee  on  request,  and  if  desired  the\  may  at  a  later  date  be  pub- 
lished  in  a  Bulletin. 

BIBLIOGRAPHY    <>X   THJE   SCIENCE   OF   OKC  \\l/ \TI<  >.V 

"Organization  and  Management";  by  Fee  Galloway.  X.  V..  1910.  Alex- 
ander Hamilton  Institute.  (The  author  attempts  a  survey  of  the 
economic  structure  of  society  in  which  each  concern  fills  its  own 
separate  place;  a  studs  of  the  internal  organization  of  a  business 
and  the  activities  and  direction  of  a  going  business.) 

764 


RULES  AND  ORGANIZATION.  765 

"The  Psychology  of  Management";  by  L.  M.  Gilbreth.  N.  Y.,  1914. 
Sturgis  and  Walton  Company.  $1.80.  (On  the  function  of  the 
mind  in  determining,  teaching  and  installing  methods  of  least  waste. 
The  author  states  that  it  is  not  the  purpose  of  the  book  to  give  a 
detailed  account  of  management  in  general  or  of  the  Taylor  plan 
of  "Scientific  Management"  in  particular.) 

"The  American  Office,  Its  Organization,  Management  and  Records" ;  by 
J.  William  Schulze.  N.  Y.,  1913.  Key  Publishing  Company.  (Con- 
tains brief  data  on  principles  of  organization;  deals  largely  with  ap- 
plication of  methods.) 

"Analysis  of  Employment  and  Departmental  Organization  Charts,"  City 
of  Chicago,  March,  1913.  Chicago,  111.,  1913.  Civil  Service  Commis- 
sion, J.  Lewis  Jacobs,  Efficiency  Engineer  in  Charge.  (Contains 
charts  of  the  staff  and  line  organization  of  the  Chicago  city  de- 
partments.) 

"The  Modern  Building  Organization" ;  by  Louis  Jay  Horowitz.  N.  Y., 
1911.  Alexander  Hamilton  Institute,  Astor  Place.  (Pamphlet  dis- 
cussing principles  of  organization  of  building  corporations  and  giv- 
ing a  chart  of  the  organization  of  the  Thompson-Starrett  Company.) 

"Executive    Control."     "The    Factory    Management    Series,"    v.    2.      Chi- 
cago, 1915.     A.  W.  Shaw  Company.     (On  building  up  the  organiza- 
tion,  selecting   and    training   the    men,    reorganizing    under    scientific 
ties,  decisions  and  policies.) 
management,  establishing  written  standard  practice,  management  du- 

"The  Economic  Side  of  Works  Management":  by  John  Christie  Dun- 
can, 1911.  A  thesis  presented  to  Faculty  of  the  Graduate  School  of 
the  University  of  Pennsylvania.  (Contains  a  chapter  discussing 
briefly  the  three  types  of  organization,  the  military,  the  fundamental 
and  the  departmental  methods.) 

"The  Successful  Operation  of  a  System  of  Scientific  Management";  by 
Frank. W.  Sterling.  In  "Scientific  Management,"  p  296;  by  Clarence 
Bertrand  Thompson.  Cambridge,  1914.  Harvard  University  Press. 
$3.60.     (Organization   is   briefly   outlined.) 

"Scientific  Management  in  Business";  by  A.  W.  Shaw.  In  "Scientific 
Management,"  p.  217;  by  C.  B.  Thompson.  Cambridge,  1914.  (Very 
brief   discussion.) 

"The  Science  of  Management";  by  G.  J.  Meyers.  In  "Scientific  Man- 
agement," p.  132;  by  C.B.Thompson.    Cambridge,  1914.  (Very  brief.) 

"Efficiency  as  a  liasis  for  Operation  and  Wages,"  p.  58;  by  Harrington 
Emerson.  N.  Y.,  1911.  The  Engineering  Magazine.  $2.  (Compares 
line   and   staff   organization.) 

"Factory  Administration  and  Accounts,"  p.  27;  by  Edward  T,  Elbourne. 
London,  1014.  Longmans,  Green  and  Co.,  3'*  Paternoster  Row,  $7.50. 
(Contains  brief  data  on  staff  organization,  with  representative  dia- 
grams.) 

"Modern  Organization,  an  Exposition  of  the  Unit  System";  by  Charles 
Dcl.ano   Hine.     N.  Y.,  1912.     The    Engineering    Magazine   (  ompany. 

$2.      (Describes   the  unit   system  on   tin-    llarrimau   lines   and    has   other 

chapters  on  operation  of  tin-  unit   system;  broadening  the  ideals 
line   supervision;   ovei  ition;    fallacies    of    accounting;    sup 

lilies  and  purchases;  fine  .mil  staff;  genesis  and  revelation  "i  organ 

i/ation.) 

"Industrial  Organization."  The  Librarj  ■>!  Business  Practice,  vol.  2 
Chicago,   1914.      \    W.   Shaw  Comp;  ntains  monographs  ">n 

working  oul  a  plan  of  control;  building  and  equipping  the  plant; 
.i  wage  paymenl  method;  and  getting  oul  the  produ 

"Getting  thi   Wosl  out  of  Business,"  p.  .^11  ;  b  Elmo  I  ewh      N    Y  . 
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1915.     The  Ronald  Press   Company.     $1.80.      (Contains  chapters   on 
the   executive   organization;   and   the  line  and   staff   system.) 

"Cost  Keeping  and  Scientific  Management,"  p.  136;  by  Holden  A.Evans. 
N.  Y.,  1911.  The  McGraw-Hill  Book  Company.  $2.70.  (Contains 
a  chapter  on  the  principles  of  scientific  management,  which  can  be 
followed  by  a  manager.) 

"The  Cost  of  Manufactures  and  the  Administration  of  Workshops,  Pub- 
lic and  Private,"  p.  27;  by  Henry  Metcalfe.  N.  Y.,  1885.  John 
Wiley  &  Sons,  432  Fourth  Avenue.  (Contains  seven  pages  on  organ- 
ization of  an  arsenal,  showing  the  relations  of  the  principal  officers 
and  employees.) 

•'Industrielle  Verwaltungstechnik,"  p.  27;  by  S.  Herzog.  Stuttgart,  1912. 
Ferdinand  Enke.    $3.23.     (Contains  data  on  industrial  organization.) 

"Works  Management,"  p.  100;  by  William  Duane  Ennis.  McGraw-Hill 
Book  Company,  239  West  39th  Street.  $2.  (Discusses  pure  line 
administration,  as  in  the  army,  in  which  each  division  is  complete 
in  itself  and  all  divisions  responsible  to  one  head,  and  also  discusses 
revised  form  of  line  organization ;  states  that  this  method  is  generally 
used  in  the  administration  of  a  railroad.) 

"The  Science  and  Practice  of  Management";  by  A.  Hamilton  Church. 
N.  Y.,  1914.  The  Engineering  Magazine  Company,  140  Nassau  Street. 
$2.  (The  author  attempts  to  exhibit  and  delimit  the  five  organic 
functions  of  manufacturing  management,  i.  e.,  design,  equipment,  con- 
trol, comparison  and  operation;  and  to  demonstrate  how  the  three 
laws  of  effort  influences  their  working,  i.  e.,  experience  must  be 
standardized,  economically  regulated  and  personal  effectiveness  must 
be  promoted.) 

"Factorv  Organization  and  Administration,"  p.  31 ;  by  Hugo  Diemer. 
N.  Y.,  1910.  McGraw-Hill  Book  Company,  239  West  39th  Street. 
$3  net.  (Advocates  centralized  control,  so  organized  that  each  de- 
partment head  is  responsible  to  the  works  manager  without  any 
intervening  bosses,  gives  a  typical  manufacturing  organization,  an 
automobile   shop  and  a  strictly   engineering   shop.) 

"Principles  of  Industrial  Organization" ;  by  Dexter  S.  Kimball.  N.  Y., 
1913.  McGraw-Hill  Book  Company.  $2.50.  (The  author  attempts 
to  give  general  principles  only ;  chapter  seven  discusses,  briefly,  mili- 
tary or  line  organization,  staff  organization,  line  and  staff  organiza- 
tion,  co-ordination   and   executive   control,   etc.) 

"The  Commercial  Management  of  Engineering  Work" ;  by  Francis  G. 
Burton.  Edition  2.  Manchester,  England.  The  Scientific  Publish- 
ing Company.  12  shillings,  6  pence  net.  (Contains  data  on  the 
duties  of  director,  secretary  and  general  manager.) 

"The  Twelve  Principles  of  Efficiency,"  p.  27 :  by  Harrington  Emerson. 
N.  Y.,  1912.  Eng.  Magazine.  (Contains  a  chapter  on  type  of  organ- 
ization through  which  efficiency  is  attained.) 

"The  Principles  of  Scientific  Management;"  by  Frederick  Winslow  Tay- 
lor. N.  Y.,  1911.  Harper  &  Brothers,  Publishers.  (On  the  science 
of  the  Taylor  system  of  manageemnt.  Advocates  an  almost  equal 
division  of  the  work  and  the  responsibility  between  the  management 
and  the  workmen;  the  management  to  take  over  all  work  for  which 
they  are  better  fitted  than  the  workmen,  while  in  the  past  almost  all 
of  the  work  and  the  greater  part  of  the  responsibility  were  thrown 
upon  the  men.) 

"Organization   of   the   Operating   Department   of    Railroads;"   by    R.    H. 
Vishtcm.     In   "Railway   Organization    and    Working,"   p.    141:    edited 
by   Frnest  Ritson   Dcwsnup.     Chicago.    1906.     University   of   Chi 
T'n -s.      $2   net.      (Five   and    a    half    pages    on    railroad    organization, 
giving  as  an  example  that  of  the  Chicago  &  North  Western  Railway.) 


RULES  AND  ORGANIZATION.  7CT 

"Economics  of  Railway  Operation;"  by  M.  L.  Byers.  N.  Y.,  1908.  Engi- 
neering News  Publishing  Company  (now  the  Hill  Publishing  Co.), 
Tenth  Avenue  and  36th  Street.  $5  net.  (Contains  a  chapter  dis- 
cussing effects  of  centralization  and  divisional  vs.  departmental  or- 
ganization.) 

'Handbook  of  Machine  Shop  Management;"  bv  John  H.  Van  Deventer. 
N.  Y.,  1915.  McGraw-Hill  Book  Company,  Inc.,  239  West  39th  Street. 
$2.50.  (Contains  a  very  brief  discussion  of  line  and  staff  organiza- 
tion,  with   charts.) 

'Railroad  Administration;"  by  Ray  Morris.  N.  Y.,  1910.  D.  Appleton 
&  Company.  $1.80.  (On  the  organization  required  for  the  man- 
agement of  small  and  large  railroads;  divisional  versus  departmental 
organization;  the  officers;  comparison  of  British  and  American  rail- 
road organization  and  government  railroad  organization.) 

'Maximum  Production  in  Machine-Shop  and  Foundry,"  p.  17;  by  C.  E. 
Knoeppel.  N.  Y.,  1911.  The  Engineering  Magazine.  $2.50.  (Con- 
tains a  chapter   discussing  the   importance  of   efficient   organization.) 

'Installing  Efficiency  Methods,"  p.  67;  by  C.  E.  Knoeppel.  N.  Y.,  1915. 
The  Engineering  Magazine.  $3.  (Contains  a  chapter  on  organiza- 
tion.) 

'Principles  of  Industrial  Engineering,"  p.  39;  by  Charles  Buxton  Goring. 
N.  Y.,  1911.  McGraw-Hill  Book  Company,  239  W.  39th  St.  $1.80. 
(Contains  a  chapter  on  principles  of  industrial  organization.) 

'Mechanical  Department  Organization."  American  Engineer,  v.  86,  p. 
118,  March,  1912.  (Organization  chart  for  the  motive  power  depart- 
ment of  the  Illinois   Central  Railroad.) 

'Improving  Operating  Conditions  in  Small  Plants;"  by  Marshall  Milton. 
American  Gas  Light  Journal,  v.  100,  p.  289  (May  11,  1914).  (Gives 
organization   diagram.) 

'The  Principles  of  Management;"  bv  A.  Hamilton  Church  and  L.  P. 
Alford.  American  Machinist,  v.  36,  p.  857  (May  30,  1912).  (Four 
and  a  half  pages.) 

'Another  Side  of  Efficiency  Engineering;"  by  Dexter  Kimball.  Am. 
Mach.,  v.  35,  p.  263  (Aug.  10,  1911).  (Gives  principles  of  new  in- 
dustrial efficiency.) 

'Has  Scientific  Management  Science?"  bv  A.  Hamilton  Church.  Am. 
Mach.,  v.  35,  p.  108  (July  20,  1911).   '(Four  and  a  half  pages.) 

'Scientific  Factory  Management;"  bv  Holden  A.  Evans.  Am.  Mach.. 
v.  33,  Pt.  1,  p.  1108  (June  16,  1910).     (Three  and  a  half  pages.) 

'Reduction  Cost  of  Navy  Yard  Work;"  bv  Holden  V  Evans.  \m.  Mach., 
v.  33,  Pt.  1,  P.  1200"  (June  30,  1910)'.  (The  application  of  Scientific 
management  to  navy  yard  work:  three  pages.) 

'The  Principles  of  Scientific  Management;"  by  Frederick  W.  Taylor. 
Applied  Science,  new  series,  v.  7,  p.  76  (Jan.  1913).  Four  and  a 
hall  pages. 

'Mr  Fairfax  Harrison's  Scheme  of  Industrial  Co-Operation  Applied  to 
Railway  Operation;"  by  II.  Marchand.  Bulletin,  International  Rail- 
Way  Congress,  v.  27,  p.  995  (Dec,  1913).  (On  administrative  prob- 
lems- from  tlie  psychological  point  of  view;  nine  pages.) 

"Essentials  of  an  Engineering  Office  Organization;"  by  Wilfred  «i 
\stle.  Canadian  Engineer,  v.  28,  p.  (.02  (May  27.  1915).  (A  very 
brief  article.  > 

'Scientific   Management   and   Science;"  by    1'.   Ballard.     Cassier's   Maga 
sine,  v.  41.  p.  425  (May,  1912).     (Six  pag 

"Manager  and  Scientist;"  by  II.  F.  Stimpsoa  Cassier's  Magazine  \  11 
p.  319  (April,  1912).     (Six  and  a  hall 

"The  Boston  Elevated  Organization  <l  ditorial),  Electric  Railway  Journal. 
v.  41,  p.  210  (Feb.  8,  1913).     (Three  quarters  of  .i  ,,;,.. ■. 
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"Maintenance  Shop  Organization  for  City  Lines ;"  by  J.  C.  Thirlwall. 
Electric  Railway  Journal,  v.  40,  p.  406  (Sept.  14,  1912). 

"The  Organization  of  the  Electrical  Industry;"  by  C.  Ashmore  Baker. 
The  Electrical  Review  (London),  v.  75,  p.  46  ("July  10,  1914).  (One 
and  a  half  pages.) 
Central-Station  Sales  Department,  Organization  and  Work;"  by  F.  D. 
Beardslee.  Electrical  Review  and  Western  Electrician,  v.  65,  p.  1073 
(Dec.  5,  1914).     (Gives  organization  chart.) 

"Staff  Organization  in  an  Ice-Electric  Plant."     Electrical  World,  p.  1395, 
v.   63    (June    13,    1914).      (Gives   an   organization   chart    of    the    ice 
electric  company;  three  quarters  of  a  page.) 

"Reorganization  of  the  Department  of  Electricity,  Chicago."  Electric 
World,  v.  62,  p.  222  (Aug.  2,  1913).     (Gives  organization  chart.) 

"Centralized  Management  of  Electrical  Properties;"  by  H.  S.  Knowlton. 
Elec.  World,  v.  41,  p.  880  (May  23,  1903).  (One  and  a  quarter 
pages.) 

"Organization  in  Electrical  Undertakings;"  by  C.  M.  Shaw.  The  Elecn., 
v.  69,  p.  459  (June  21,  1912).     (Three  and  a  half  pages.) 

"Industrial  Management"    (Editorial).     Engineering,  v.  95,  p.  877    (June 
^  27,  1913).     (One  page.) 

"Notes  on  Engineering  Workshop  Organization";  by  R.  Douglas  Heap. 
Engineering,  v.  79,  p.  230  (Feb.  17,  1905).     (Two  and  a  half  pages.) 

"Essentials  of  Organization  and  Management" ;  by  J.  R.  Finlay.  Engi- 
neering and  Mining  Journal,  v.  100,  p.  171  (July  31,  1915).  Five  and 
a  half  pages. 

"Experience  at  Inglewood,  Cal.,  with  the  City  Manager  Form  of  Gov- 
ernment." Engineering  Contracting,  v.  42,  p.  465  (Nov.  11,  1914). 
(Discusses  briefly  the  principles  of  this  form  of  government.) 

"Scientific  Management  for  the  Factory  of  Moderate  Size";  by  Dwight 
T.  Farnham,  Engineering  Magazine,  v.  50,  p.  46  (Oct.,  1915).  (In 
a  small  plant,  Mr.  Farnham  developed  a  Superintendent-Staff,  Asst. 
Superintendent-Line  organization.) 

"The  Ultimate  Type  of  Management";  by  John  H.  Van  Deventer.  Engr. 
Mag.,  v.  49,  p.  394  (June,  1915).  (Mr.  Van  Deventer  takes  as  an 
example  the  human  nervous  system  to  prove  that  the  line  and  staff 
type  of  organization  is  the  ideal  scheme  of  management.) 

"The  Practical  Introduction  of  Efficiency  Principles,"  Pts.  3,  4,  5,  7; 
by  C.  E.  Knoeppel.  Eng.  Mag.,  v.  46,  p.  943;  v.  47,  pp.  65,  241,  570 
(March,  April,  May,  July,  1914).  (A  study  of  the  duties  of  the 
executive  department  of  an  organization  in  relation  to  a  campaign 
for  betterment.) 

"The  Administrator  as  Scientist" ;  by  Edward  D.  Jones.  Eng.  Mag.,  v. 
47,  pp.  163,  370,  491  (May,  June,  July,  1914).  (Study  of  the  world's 
great  scientists,  to  find  therein  methods  applicable  to  business.) 

"The  Administrator  as  Diplomat" ;  bv  Edward  D.  Jones.  Eng.  Mag.,  v. 
47,  pp.  715,  841;  v.  48,  p.  23  (Aug.,  Sept.,  Oct.,  1914).  (History, 
methods  and  ideals  of  the  gentleman-administrator.) 

"Francis  Bacon,  Efficiency  Engineer";  by  H.  D.  Minich.  Eng.  Mag.,  v. 
47.  p.  735  (Aug.,  1914).     (Three  pages.) 

"Force  Organization  in  the  Railroad  Repair  Shop";  bv  Ernest  Corneal. 
Eng.  Mas.,  v.  45,  p.  548  (July,  1913).  (Proposals  for  the  better- 
ment of  railway  management  by  effort  originating  and  applied  within 
the  organization;   eight   pages.) 

"The  Organization  of  L-arge  Commercial  and  Industrial  Establishments"; 
by  Benno  Orcnstein.  Eng.  Mag.,  v.  44,  p.  588  (Jan.,  1913).  (Outline 
of  a  working  industrial  administration.) 

"Military  History  and  the  Science  of  Business  Administration";  by 
Edward   D.    Tones.     Eng.   Mag.,   v.   44.   pp.    1,    185,   321    (Oct.,    Nov., 
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Dec-    19P)      (A  study  of  adiriinistfative  principles,  reviewing  military 
^Sic'ies  as  suggestive  of  analogies  interesting  from  a  business  view- 

l^iTess   a  ministration   as   determined  not   only  by   scientific   experi- 
ment, but  S  practical  experience  and  common  sense.     He  presents    he 
snl    eet   under  six  head.ngs :     The  Product,  the  Machine    the  Work, 
the  Man    What  to  Plan  and  When,  What  to  Record  and  How.) 
.-Thfllfcient   Manufacture  of   Railway .  TransportaUon    ;   by   Harr  n  gt  on 

^;SO,(uSr,l, ^ftit^h^^kc'ErieWlroid  as  an  example 
of  the  realization   oi  the  principles  and  precepts  of  efficiency.)  ? 

Mav  Tune  Tul  •'  19  2)  (Treats  of  the  unit  system  on  the  Harrnnan 
^VbSdening  the  idea  of  supervision;  0  v  er-  special,  zatjon ;  a  la- 
cies  of  accounting;  supplies  and  purchases;  line  and  staff  and  the 
genesis  and  revelation  of  organization) 

"The  Problem  of  the  Minor  Executive  ;  by  H.  Kieth  Trask.  fcng  Mag., 
v.  38,  p.  497  (Jan.,  1910).     (Six  pages  )  >WTi      Ene 

''Organization  by   Produ ction  Factors" ; by  A  Hamilton  Church     F^g 

B?-F*  Va?chl519W).  3?hS;  ofthf dinn^n  of    actor]  other 

than  lal^-pnllucion    factor   as    related   to   cOst   accounts   and   start. 

elements  of  the  land   factor,   etc.)  flru-los   I  )-i\ 

'•Management   Principles  and  the  Consulting   Engjneei    .  by   Charles  Way. 

•-;.    Sag     v.  41.  P.  133  (April.  1911).     (Eight  pages.) 
■Th    Wan,,;,  of  Scientific  Management;;  by  A.  Hamilton  <  hurch     Eng. 

Mae    v  41    n,  97  (April,  1911).     (Four  and  a  half  pages.) 

,TheVgaS^^^^  *" 

Mag.,  ».  40,  p.  240  (Nov,    910). 
"Sanity  in   Naval  Organization."     Eng.   Mag.,   v.  38,  p.  489   (Jan., 

lita^ffi'Sia  of   increased   Efficiency" ;  by  Walter  M.   McFarland. 
"'kBg  Mag.  v-*;  p.  329  (Dec   1908)     iS,.,,,,^,-  m 

^ZLl^uZ°^T^^^- <-'-*"" 

relation  to  organization  and  results.)  .  .  .    ,. 

Frederii   W.  Bailey.     Eng.  Mag.,  v.  35,  p.  m  \  wa>, 

a  eeneral  outline  of  the  organization.) 
•■•n.«    ManSemenl   of    Production   in   a  Great    I  acton       bj 

sponsibilitj   and  authoritj   in  the  General  EWctri<    *  d  s  «*>p«  I 
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"The  Meaning  of  Commercial  Organization";  by  A.  Hamilton  Church, 
Eng.  Mag.,  v.  20,  p.  301  (Dec,  1900).  (Advocates  more  co-ordination 
in  different   departments  of  a  commercial  organization.) 

"The  Manager  I  Man  of  Municipal  Government";  by  Kenyon  Riddle.  En- 
gineering  News,  v.  71,  p.  831  (April  16,  1914).  (Gives  the  working 
principles  of  this  form  of  municipal  government.) 

"New  York  State  Road  Organization."  Eng.  News,  v.  70,  p.  982  (Nov. 
13,  1913).  ( Makes  a  brief  statement  of  the  fundamental  principles 
upon  which  the  hasis  of  an  efficient  organization  must  rest.) 

"The  Economic  Administration  of  Industrial  Establishments";  by  John 
Calder.  Eng.  News,  v.  66,  p.  570  (Nov.  9,  1911).  (Uses  the  organi- 
zation and  system  in  the  Remington  Typewriter  Works,  Ilion,  X.  Y., 
as  an  illustration;   four  and  a  half  pages.) 

"Social   Philosophy   and    the   Taylor   System"    (Letter)  ;   by   Winslow    H. 
Herschel.    Eng.  News,  v.  65,  p.  577  (May  11,  1911).     (One  page.) 
anization  Methods  for  $10,000,000  Track   Elevation  Program."     En- 
gineering  Record,   v.   70,   p.    122    (Aug.   1,   1914).      (Contains   diagram 
of  organization  for  Rock  Island  track-elevation  work.) 

"Organization  of  an  Engineering  Construction  Company."  Eng.  Rec, 
v.  68,  p.  187  (Aug.  16.  1913).     (One  and  a  quarter  pages.) 

"Organization  of  the  Bureau  of  Water  Supply,  City  of  New  York";  by 
I  M.  DeVarona.  Eng.  Rec,  v.  65.  p.  664  (June  15,  1912).  (In- 
cludes an  organization  chart;  one  and  a  half  pages.) 

"The  Application  of  Scientific  Management  to  the  Activities  of  State 
and  Municipal  Governments";  by  Frederick  A.  Cleveland,  Eng.  Rec, 
v.  64,  p.  653   (Dec.  2,  1911).      (Two  and  a  half  pages.) 

"The  Engineering  Organization  of  the  Western  Pacific  Railway  Co.";  by 
George  F.  Low.  Eng.  Rec,  v.  56,  p.  117  (Aug.  3,  1907).  (Two  and 
a  half  pages.) 

"The  New  Engineering  Organization  on  the  Rock  Tsland  Svstem."  Eng. 
Rec,  v.  50,  p.  286  \  Sept.  3.  1904).     (One  page.) 

"I  i  Systeme  Taylor,  Communication  Faite,  le  13  Janvier,  a  la  Societe 
d'Encouragement  pour  l'lndustria  nationale  par  M.  Ch.  de  Fremin- 
ville."  Le  Genie  Civil,  v.  64,  p.  250  (Jan.  24,  1014).  (Gives  a  dia- 
gram  of  the  Gilbreth   scientific   organization  chart.) 

"Scientific  Management  and  the  Labor  Problem";  by  Robert  Thurston 
Kent.  Industrial  Engineering,  v.  14,  p.  418  (Nov.,  1914).  (Four 
pages.) 

"The  Practical  Working  of  Scientific  Management."  Ind.  Eng.,  v.  14, 
p.  224  (June.  1914).     (Four  pages.) 

"The  General  Manager,  a  Study  of  the  Qualities  which  go  to  make  a 
Good  Executive";  by  William  Kent.  Ind.  Eng.,  v.  14,  p.  197  (May, 
1914).     (One  and  a  half  pages.) 

"The  Basis  of  Construction  Management";  by  Frederick  A.  Waldrou. 
Ind.   Eng.,  v.  14,  it.  155    (April,   1914).      (Two  pages.) 

"The  Preliminary  Steps  for  Efficient  Management"  ;  by  Frederic  A.  Park- 
hurst.  Ind.  Eng.,  v.  14,  p.  25  (Jan.,  1914).  (Three  and  a  quarter 
pages  I 

"Organized  Labor  and  Scientific  Management";  by  Horace  B.  Drurv. 
Ind.  Eng.,  v.  14,  pp.  99,  145,  191  (March.  April,  May,  1914).  (States 
that  this  is  a  careful  analysis  of  what  management  does  for  labor 
and  the  opinion   of   labor   leaders.) 

tical  and  Scientific  Management,  the  Taylor  System  from  the 
Viewpoint  of  a  German  Engineer";  by  G.  Schlesinger;  Ind.  Eng., 
v.  14,  p.  37o  (Sept.,  1913).     (Five  pages.) 

"Industrial  Management,  Scientific  Management  as  Related  to  the  Plan! 
or  Industry  in  its  Entirety";  by  lames  Mapes  Dodge  Ind,  Eng.,  v. 
13,  p.  330  (Aug.,  1013).     (Three  pages.) 
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"The  Psychology  of  Management"  ;  by  L.  M.  Gilbreth.  Industrial  Eng., 
v.  11,  p.  343,  429;  v.  12,  pp.  13,  65,  116,  155,  199,  248  (May,  June,  July, 
Aug.,  Sept.,  Oct.,  Nov.,  Dec.  1912).     (Published  also  in  book  form.) 

"Scientific  Management  under  the  X-Ray."  Iron  Age  v.  96,  p.  1236 
(Nov.  25,  1915).  (Abstract  of  report  of  the  special  investigator  of 
the  Federal  Industrial  Relations  Commission.) 

"The  Three-Position  Plan  of  Promotion" ;  by  F.  B.  and  L.  M.  Gilbreth. 
Iron  Age,  v.  96,  p.  1056  (Nov.  4,  1915).     (Two  and  a  half  pages.) 

"Svstem  and  Its  Abuse";  by  John  Calder.  Iron  Age,  v.  96,  p.  1043  (Nov. 
4,  1915).     (One  page.) 

"The  Individual  in  Modern  Management"  ;  bv  F.  B.  and  L.  M.  Gilbreth. 
Iron  Age,  v.  96,  p.  802  (Oct.  7,  1915).     (two  and  a  half  pages.) 

"The  Co-Operative  Spirit  and  Industrial  Peace" ;  by  F.  B.  and  L.  M. 
Gilbreth.  Iron  Age,  v.  96,  p.  528  (Sept.  2,  1915).  (A  contribution 
to  the  sociology  of  management ;  two  and  a  half  pages.) 

"Tlie  Executive's  Problem";  by  George  D.  Babcock.  Iron  Age,  v.  96, 
p.  419  (Aug.  19,  1915).  (An  analysis  of  what  is  involved  in  different 
forms  of  management;  one  page.) 

"No  Victory  over  Scientific  Management" ;  by  George  De  A.  Babcock. 
Tron  Age,  v.  93,  p.  1402  (June  4,  1914 I.  *  (What  four  years  of  the 
Taylor  system  have  proved  at  the  plant  of  the  H.  H.  Franklin  Mfg. 
Company,  Syracuse;  three  pages.) 

"The  Tavlor  System  from  a  German  Viewpoint";  by  G.  Schlesinger. 
Iron  Age,  v.  92,  p.  82  (July  10,  1913).     (Two  pages.) 

"Science  Applied  to  Industrial  Management":  by  Tames  Mapes  Dodge. 
I mn    Age,  v.  91,  ]».  1544  (June  26.  1913).     (Two  pages.) 

"Management  of  Small  Versus  Large  Plants":  by  Stuart  Dean.  Iron  Age, 
v.  91,  p.  1377  (June  5,  1913).  (A  brief  for  the  foreman  of  large 
authority  oyer  a  few  men;  splitting  a  factory  into  independent  units; 
half  a  page.) 

"Questions  oh  ScLentiik  Management.  A  Chicago  Conference  at  which 
the  Tavlor  System  is  Opposed  and  Defended."  Iron  Age,  v.  91,  p. 
743  (March  20,1913).     (Three  quarters  oi  a  pa 

"The  Science  and  the  Art  of  Management";  by  F.  G;  Cohurn.  Iron  Age, 
v.  91.  p.  248  (Jan.  23,  1916),  I  \  plea  for  training  in  the  psycho- 
logical principles  of  handling  men.  confusion  over  management  as  a 
science;  one  and  a  quarter  pages.) 

"The   Tavlor   System   in   Governmenl    Shops."     [roq   Age,   v.  89,   p.   726 

(March   21.' 1912).        (The   report    of    the    House   Committee    to   inves- 

tigate    various    systems    of    shop    management    is    in    general    ad\> 

two  and  a  half  pages.) 
"The   Human   Side  of   Business  Organization";   bj    Sterling  II.   Bunnell. 

Iron   Age,  v,  89,  p.  2()  (Jan.  4,  191,2).     (Three  quarters  of  a  pa 
"Modern  Business  Methods";  b\   Wallace  M.   Pattison.     tron  Age.  N  •  87, 

p.  90S  (April  13.  1911).     (Giyes  a  definition  of  organieati 
"Wrnks    Administration  as  a  Constructive  Science";  b)    II.  F.  Sjtfmpson. 
on   Age,  v.  87,  fan     !6,   1911  I.     (<  hi   the  development   ^i 

directive  methods,  the  use  of  standards  ^^'\  records.) 
"Business    Administration  b}    If.  F.  Sjtitnpson. 

h  ni    Ag<         87,  p.  662   (March   16,   1911)!     (On  the  apportionment 

of  physical    force,   the  apportionment    of   mental    force   and    thi 

ordinate  divisions  of  busmj 
"Business     Administration    a     a    Coristructivi  Discussion    ol 

Organization    Standards   arid    R<  b)    H.    F.    Stunpson.     Iron 

Age,  \    87,  p.  722  (March   !3,  1911)      (Two  and  a  quarter  pagi 
"The  Organization  of  Industrial  W  German  Engineerin 

1 1 1 <    Question."     iron  and  Coal    rrades  Review,  v    80,  p    643      April 
[910  I      1 1  ine  and  a  qua 
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'Staff  Organization  in  Large  Manufacturing'  Plants'' ;  by  \Y.  H.  A.  Rob- 
ertson. Iron  and  Goal  Trades  Review,  v.  77,  p.  2000  (Nov.  6,  1908). 
( !  fall  a  pa 

"The  Successful  Operation  of  a  System  <>f  Scientific  Management'';  by 
Frank  \V.  Sterling.  Journal,  American  Society  of  Naval  Engineers, 
v.  24,  p.  lo7  (Feb.,  1912).  (The  application  of  the  Taylor  system 
with  organization   chart.) 

"The  Fetishism  of  Scientific  Management" :  by  John  R.  Edwards.  Jour. 
Am.  Soc;  Naval  Engrs.;  v.  24,  p.  355  (May,  1912).  (Sixty-one 
pages.) 

"The  Science  of  Management";  bV  G.  T.  Meyers.  Tour.  Am.  Soc.  Naval 
Engrs.,  v.  23,  p.  994  (Nov.,  I9li  >.   '(Twelve  pages.) 

"The  Commission-Manager  Form  of  Government";  by  Henry  M.  Waite. 
Jour.  Association  of  Engineering  Societies,  v.  52,  p.  249  (May,  1914). 
i  \  brief  description  of  the  application  to  a  municipality  of  the  new- 
est development  in  organization.) 

"Railroad  Organization";  by  George  T.  Sampson,  four.  Assoc  Eng.  Soc. 
v.  28,   i>.    1    (Jan.,   1902)1      (Thirty -one  pages.) 

"The  Commission-Manager  Form  of  Government  and  its  Relation  to  the 
Engineering  Profession";  by  Henry  M.  Waite.  Journal,  Boston 
Society  of  Civil  Engineers,  v.  2,  p.  1  (Jan..  1915).  (Discussion  of 
this  form  of  organization.) 

"Scientific  Management  and  the  Interests  of  the  Employee";  by  H.  K. 
Hathaway.  Journal,  Engineers'  Society  of  Pennsylvania,  v.  7,  p.  66 
(Jan.,  1915).     (Six  and  a  half  pages.) 

"Industrial  Organization";  by  Hugo  Diemer.  Journal  of  the  Engineets' 
Society  of  Pennsylvania,  v.  4,  p.  317  (Oct.,  1913).     (28  pages.) 

"The  Practical  Application  of  Scientific  Management  to  Railway  Opera- 
tion": by  Wilson  E.  Svmons.  Journal  of  the  Franklin  institute,  v. 
173,  pp.  1,  141.  271,  3o5  (Jan..  Feb.;  March.  April.  1912).  (On  the 
physical  management  of  a  railroad  by  scientific  methods.) 

"Presidential  Address,  Iron  and  Steel  Institute";  by'  Andrew  Carnegie. 
Journal,  Iron  and  Steel  Institute,  v.  63.  p.  32  (1903.  No.  1  ).  George 
C.  Lldyd,  Secretary,  28  Victoria  Street.  London,  S.  W..  England. 
(Twenty-two  pages.) 

"Abstract.  The  Organization  of  Manufacturing  Industries."  Eng.  News, 
v.  49,  p.  436  (  May  14,  1903).     (One  and  a  quarter  pages.) 

"Construction  Management";  by  Sanford  E.  Thompson  and  William  O. 
Lichtner.  Journal,  Western  Society  of  Engineers,  v.  20,  p.  109  (Feb., 
1915).  (States,  as  one  of  the  principles  of  scientific  management, 
that  there  is  an  almost  equal  division  of  the  work  and  responsibility 
between  the  management  and  the  workmen.) 

"Organization,  an  Outline  of  Essentials  from  Engineering  Practice": 
by  T.  C.  Roberts.  Metallurgical  and  Chemical  Engineering,  v.  11, 
p.  95  (Feb.,  1913).  (Organization  charts  showing  business  passing 
to  department  heads  through  assistants  and  showing  assistant  depart- 
ment heads  acting  only  on  consultation   with   department  heads.) 

"The  City  Manager,  the  Latest  Plan  for  Municipal  Management":  by 
Paid  K.  Dressly.  Municipal  Engineering,  v.  47,  p.  15  (July,  1914). 
(Four  pag 

rnment  of  Cities,  Commissions,  and  Departments  Compared  and 
Contracted";  by  Nelson  P.  Lewis,  Mun.  Eng.,  v.  46,  p.  449  (May, 
1914  i.      (Three  and  a  half  pag 

"The  Principles  of  Scientific  Management  as  Applied  to  Highway  Engi- 
neering"; by  Frank  P..  Gilbreth.  Municipal  Engineering,  v.  46,  p. 
474  (May,  1914)      (Two  pages,) 
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"Organization  at  Delray" ;  by  Norman  G.  Reinicker.  Power,  v.  42,  p. 
343  (Sept.  7,  1915).  (Gives  organization  chart  of  the  Delray  power 
plants.) 

'Efficiency  in  Railway  Management";  by  L.  \V.  Wallace.  Proceedings, 
Indiana  Engineering  Society,  v.  32,  p.  Ill  (1912).  (Charles  Bross- 
man,  Secy.,  Union  Trust  Building,  Indianapolis,  Indiana.  50  cent-. 
(States  that  an  important  step  in  railway  efficiency  is  the  unit  system 
of  organization  on  the  Harriman  lines.) 

"Xaval  Personal  Legislation'':  by  D.  \Y.  Knox.  Proceedings,  United 
States  Naval  Institute,  v.  39,  p".  1607  (Dec,  1913).     (Ten  pages.) 

'Organization.  An  Essay  on  Fundamental  Principles  with  Special  Refer- 
ence to  the  Navy";  by  C.  S.  Radford.  Froe,,  U.  S.  Naval  Inst.,  v. 
39,  p.  1683  (Dec,  1913).     (Thirty-hve  pages.) 

'^Maintenance  of  Way  Organization"  ;  by  H.  R.  Safford.  Purdue  Engi- 
neering Review,  v.  4,  p.  59  (1908).  (The  author  is  the  Chief 
Engineer  of  the  Maintenance  of  Way,  Illinois  Central  Railway;  dis- 
cusses departmental   organization.) 

'Organizing  the  Supply  on  the  Seaboard  Air  Line";  by  H.  C.  Pearce. 
Railway  Age  Gazette,  v.  58,  p.  45  (Jan.  8.  1915).  (States  that  suffi- 
cient facilities  and  no  division  of  authority  proved  to  be  the  essen- 
tials of  success  of  this  organization.) 

'The  Superintendent— Past,  Present  and  Future"';  by  E.  H.  DeGroot,  Ir. 
Ry.  Age  Gaz.,  v.  58,  p.  181   (Jan.  29.  1915).     (One  page.) 

'The  General  Manager's  Supervision  over  Division  Performance."  ■  Ry. 
Vge  Gaz..  v.  58,  p.  360.  (On  conditions  on  the  Western  Maryland 
Railroad;  one  and  a  half  pages.) 

'Wanted — Directors  Who  Will  Direct  (Editorial):"  Ryi  Age  Gaz.,  v.  80, 
]>.  814  (April  16,  1915).  (Action  of  directors  of  the  Rock  Island 
Railroad.) 

'(  Organization  in  the  Maintenance  of  Way  Department  (Editorial)."  Ry. 
Age  Gaz..  v.  58,  p.  834  (April  16.  1915).     (Half  a  page.) 

'Vice-President  in  Charge  Of  LaDOr?'  (Letter);  by  J.  Lowell  White.  Ky 
Age  Gaz..  v.  58,  p.  I>(,7  (  May  14.  1915).  (On  proposed  duties  for  a 
vice-president.) 

"How  the  Operation  of  One  Terminal  was  Improved";  by  G.  D,  Brooke 
Ry.  AgC  Gaz..  v.  58.  p.  1121  (  Ma\  28,  191)5).  (States  that  continue. 1 
serious  congestion  Iwas  overcome  by  change  in  organization,  better 
methods    and    improved    discipline:    shows    yard    organization    chart.) 

'The  Mechanical,  Purchasing  and  Stores  [Departments'';  by  H.  C.  Pearce. 
Ry.  Age  Gaz.,  v.  58,  p.  1249  (June  11.  1915).  (On  the  relations  be- 
tween these  three  departments,  organization  necessary  to  get  both 
economy  and  c< >  operation^) 

'The  General  Office  Clerk,  a  Neglected  1  actor" :  in  George  A.  Clark. 
Ry.  Age  Gaz.,  v.  57.  p.  <>4   (July  10,  1914).     (Bureaus  suggested  to 

specialize   in   appliances   and   methods  and   in   Selection   of   nun    for   thi< 
department.  ) 
'Organization  of  the   Maintenance  ''i   Waj    Department   of  Ihe   Penosyl 

vania   Railroad."     Ry.    We  (,.,/..   \     57,  p.   119    (Julj    17,    l'U-l).      (One 

page.) 
"Organization";  by  R.  \.  Taylor    Ry.    W   Gar.,  v.  57,  p.  389  (  W 

191-1).      (States    thai    the    official    most    important    in    anj    railroad 

organization  is  tin    superintendent;  half  a  pagi 
'Proper  Organization  and   Economical   Use  of   I  aboi    and   Material";  bj 

P.J    McAndrews.    Ky.   Vge  Gaz.,  t       ,\      03  (Sepl    18,1914),     (On 

track  organization ;  one  paj 
"Conditions   thai    Hamper  the   English    Railwaj    Manager"    (Letter);   bj 

Charles  Hansel;    Ry,  Age  Ga*.,  \    ft  p   4L3  (Feb.  27,  1914)      (One 

page.) 
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"Organizing  for  Important  Track  Elevation  Work."     Ry.  Age  Gaz.,  v.  56, 

p.  535  (March  13,  1914).     (Rock  Island  Railroad  method  of  handling 

heavy  construction  work  with  company  forces.) 
"The  Agency  Plan  on  the  St.   Louis  &  San  Francisco."       Ry.  Age  Gaz., 

v.  56,  p.  671    (March  30,   1914)-.     (Results  obtained  by  making  agents 

responsible  for  traffic.) 
"Railway  Organization" ;  by  Charles    Mine.     Ry.   Age   Gaz.,  v.  56,  p.  794 

(April  3,  1914).     (Three-quarters  of  a  page.) 
"Who  are  the  Bosses  of  our  Railways  ?"  by  George  A.  Post.     Rv.  Age 

Gar.,  v.  56,  p.  951    (April  24.  1914V     (One  page.) 
"Kailwav  Storekeepers'  Association."     Ry.  Arc  Gaz.,  v.  56,  p.  1195  (May 

29,  1914).     (Abstract  of  paper  by  W.  D.  Stokes;  half  a  page.) 
"Some  Suggestions  for  More  Efficient  Organization"   (Letter)  :  by  N.  E. 

Bailey.     Ry.   Age  Gaz..   v.   55,   p.  216    (Aug.   8,   1913).      (Contains   a 

chart    with    suggestions    for    railway    organization;    one    and    a    half 

pages.) 
"The  Supply  Department  of  the  Railway"  ;  by  George  G.  Yegmans.     Ry. 

Age  Gaz.,  v.  55,  p.  857  (Nov.  7,  1913).     (Its  purposes  and  functions 

and  their  importance,  and   its  proper  place  in  the  organization  of  the 

operating  department.) 
"Operating    Organization    on    the   Canadian    Pacific;"     Ry,     ^ge    Gael,    v. 

54,   p.    19   (Jan.    3,   1913).      (It   is   divided   into   four  divisions  with   a 

Licneral   superintendent   in   charge   of   each.) 
"A   Suggested  Organization    fur  Combined   Forces"    (Letter)  ;   by  F.   \V. 

Kizer.      Ry.    Age   Gaz,,   v.   54.   p.   339    (Feb.   21.   1913).      (Gives   chart 

for  a  proposed  organization  for  maintenance  of  way  dept.) 
"A  Reverie  on  the  Unit  Svstem"   (Letter).     Rv.  Age  Gaz.,  v.  54,  p.   1021 

(  May  %  1913).     (Half  a  page.) 
"Studies   in   Operation,   the   M.    K.  "&   T."     Ry.    Age   Gaz.,  y.   54,   p.   1167 

(May  30.  1913).      (Contains  a  chart  showing  the  divisional   form  of 

organization  mi  the  Misouri,  Kansas  &  Texas.) 
"The  Working  <>f  the  T line  Unit  System"  (Letter).     Rv.  Age  Gaz.,  v.  54, 

p.   1307   (Tune  13,   1913).      (One  page.) 
"Recenl    Developments   in    the    Unit   System   of   Organization."     Ry.  'Age 

Gaz..   y.  52.  p.  480   (March   15.   1912).      (A   study  of  the  Hine  system 

of  organization  as  adopted  on  the  Harriman  lines.) 
i  Organization   of   the    Philadelphia   &   Reading."     Railroad   Gazette,  v.  36, 

p.    172    (March    11.    1904).      (Gives   chart   and  brief   explanation   of  a 

''strong  divisional  organization.") 
"Organization  of  the  Chicago  Great   Western."     R.   R.  Gaz.,  v.  36,  p.   173 

<  March    11,    1904).      (A    diagram   of   the   operating  organization,    divi- 

sional  in  character.) 
"Some   Thoughts   and    Suggestions    on    Railroad    Organization    and    Man- 
agement";  by   A.    M.    Waite.      R.    \i.    Gaz..   y.   36.   p.    173    (March    11. 

1904).     (One  and  a  half  pagi 
"Railroad    Organization";    by    Arthur   Hah'.      R.    R.    Gaz.,   v.   34,   p.   264 

(  \pril  11,  1902).     (Two  pages',  including  diagrams.) 
"Organization  of  the   Pennsylvania   Railroad."     R.   R.  Gaz.,  v;  32,  p.  268 

and   inset    (April   27,    1900).      (A    double-page    plate,    giving   organiza- 
tion chart  and  a  very  brief  explanation.) 
"The   Organization   of   a   Gnat    Railroad"    (  Editorial! .      R.   R.   Gaz..  v.  32, 

p.  7X1)   (Nov.  9,   1900).     (Gives  organization  of  the  operating  depart- 
ment  of  the   Southern    Railwa\    Company.) 
"Engine  Mouse  Organization" ;  by  W.  1'.  Huntley.    Railway  Age  Gazette. 

Mechanical    Edition,   v.  89,   p.    13S    (March,    1915).      (Gives  chart  for 

engme  house  opCrati<  >n.  > 
"Big    Bill'    ^gnew  and  'Blue   Monday- "•;  by  Haryey  De  Witt   Wolcomb. 

Rv     \ue  Gazette,  Mech.   Edition,  v.  89,  p.  533  (Oct.,  1915).     (States 
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that  this  is  a  true  story,  showing  clearly  the  relation  of  engine  house 
organization  to  engine  hquse  failures.) 

"Railway  Repair  Shop  Organization";  by  Henry  Gardner.  Ry.  Age  Gaz., 
Mech.  Edition,  v.  <XM,  p.  ?3b  (Oct.,  1915).  (Gives  chart  showing  ideal 
form  of  organization  lor  a  large  locomotive  repair  shop.) 

"An  Efficient  Piece-Work  System."  Ryj  Age  Gaz.,  Mech,  Edition,  v.  88, 
p.  249  (May,  1914).  (Organization  chart  of  the  Angus  shops  in- 
stalled at  Montreal  by  the  Canadian  Pacific   Railway.) 

"(  Organization  of  Engine  House  Eorces"  ;  by  R.  G.  Gilbride.  Ry.  Age  Gaz., 
Mech.  Edition,  v.  88,  p.  477  (Sept.,  1914).     (Gives  organization  chart.) 

"Taylor  System"  ;  by  W.  \Y.  Scott.  Rv.  Age  Gaz.,  Mech.  Edition,  v.  88, 
p.  413  (August,  1914).     (One  page.) 

"Mechanical  Department  Organization  of  the  Eric"';  by  R.  S.  Mounce. 
Ry.  Age  Gaz.,  Mech.  Edition,  v.  87,  p.  645  (Dec,  1913).  (Gives 
organization  charts;  two  pages.) 

"Engine  House  Organization  and  Operation" ;  by  W.  Smith.  Ry.  Age 
Gaz.,  Mech.  Edition,  v.  ^7,  p.  597  (Nov.,  1913).  (Gives  organiza- 
tion chart.) 

"<  )rganization    for   Track    Maintenance."      Railway    Review,    v. 
(Feb.  13,  1915). 

"Increased  Efficiency   of   Division  Organization."     Rv.   Rev.,  v. 
(Aug.  29,  1914).     (Two  pages.) 

"Railroad    Organization";    by    R.    V.    Taylor.      Rv.    Rev.,    v. 

(Aug.  29,  1914).     (The  author  is  Vice-President  and  General  Mana- 
ger of  the  Mobile  &  Ohio  R.  R.) 

"Railway  Organization  and  Operation  in  India";  by  G.  C,  Godfrey.  Ry. 
Rev.,  v.  54,  p.  120  (Jan.  17,  1914).     (A  quarter  of  a  page.) 

"The  Philosophy  of  Railway  Management."  Ry.  Rev.,  v.  53,  p.  51  (Jan. 
18,  1913).     (One  and  a  quarter  pages.) 

"Railway  Equipment  Organization."  Ry.  Rev.,  v.  53,  p.  94  (Feb.  1,  1913). 
(A  quarter  of  a  paj 

"Railroad  Operating  Administration";  by  Edward  L.  Suftern.  Rv.  Rev., 
v.  53,  p.  125   (  Feb.  8,  1913).     I  Half  a  page.) 

"Organization  and  Men" ;  by  F.  L.  laudron.  Ry,  Rev.,  v.  53,  p.  508 
(May  31,  1913).     (One  and  a  half  pages.) 

"Railway  Management  vs.  Corporate  Management"  (Editorial);  Rv.  Rev., 
v.  <3,  p.  53-1    (June  7,   1913). 

"Engine  House  Efficiency.'1  Ry.  Rev.,  v.  53,  p.  736  (Aug.  2,  1913). 
(Plans  of  Roundhouse  organisation  for  specialized  engine  service 
and  for  mixed  engine  service.) 

"I.e   Systeme  Taylor,   Sen  nee   Experimental   el    Psychology   Ouvriere"; 

by    llcnrv    I.e   t'hatelier.      Revue    de    Metallur-  ii .■,    \      12,    p.    1(,7    (April, 

l'M5).      (Thirty-six   pag< 
"Influence  des  Cause's    Psychologiques  dan-  Direction  du   Usines";  by  C. 

Rcvol.     Revue  de  Metallurgie,  v.  8,  p.  791   (Oct.,  1911).     (11  pag< 
"«  »i  e.tnizaiion" ;  by    II.  S.   Dele-Shaw,     [ouraal  <>i  the   Royal  Societ)   ol 

\rts,  s.  (.3,  p.  947  (Oct  8,  L915).     (Two  and  a  half  pag< 
Same.     Engineer,  v.  120,  p.  256  (Sept.  10,  1915).     (Half  a  pag< 
"The  PrincipleB  of   Business   Management  ol  an    Architect's  Office  Pfac 

lice";   bj    M     S    Kissam.     School  off    Mil  terly,   v.  31,   p.  45 

I  Noa  .  1909)      i  l  ightcen  pagi 
"The  Business  Management  ol  th<    Navy";  b)   G.  \.  L.  Meyer.    Scientific 

American,  \     10  .  p      13     I  '<      ''.  191 1)      (( »nc  pagi 
"Scientific  Management,  the  Present  State  of  the    \n."    Scientific    Vmeri 

can  Supplement,  \    76,  p,  286  (Nov.  I,  1913)      (Two  paj 

Principles   of    Industrial    Organization";    b)    Dexter    S    Kimball. 

Sihle\  Journal  of  Engit  I  (June,  1914).    (10  pag 
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"The  Human  Factors  in  Engineering  Practice";  by  John  (alder.  Ste- 
vens Institute  Indicator,  v.  32,  p.  193  (July,  1915).  (Treats  of  Prin- 
ciples of  Organization.) 

"The  Engineering  of  Men";  by  Willard  Beahan.  Stevens  Institute  indica- 
tor, v.  31,  p.  343  (Oct.,  1914).  (Includes  a  few  informal  remarks  on 
principles  in  organization  and  on  engineering  organization.) 

"The  New  Element  in  the  Art  of  Management";  by  John  ("alder.  Steven- 
Institute  Indicator,  v.  30,  p.  203  (July,  1913).  (Discusses  scientific 
management.  I 

'The  Administration  of  Municipal  J'uhlic  Works.  Especially  Relating  to 
Highways";  by  Nelson  P.  Lewis.  Surveyor,  v.  45.  p.  646  (April  17, 
1914).  (States  the  requisites  necessary  in  order  to  secure  satis- 
factory results  in  highway  administration;  centralization  of  author- 
ity;  flexibility  of  organization;  administrative  units,  etc.) 

"Waterworks  Management";  by  Easton  Devonshire.  Surveyor,  v.  40,  p. 
770  (Dec.  29,  1911). 

Editorial.     Surveyor,  v.  40,  p.  762  (Dec.  29,  1911). 

"Training  Engineers  in  the  Science  of  Management";  by  Bruce  W. 
Benedict.  The  Technograph,  v.  27,  p.  ?7  (Feb.,  1913).  (Gives 
organization   charts;    eleven    pages.) 

"'The  Human  Element  the  Key  to  the  Economic  Problem"  (Abstract)  ;  by 
James  Hartness.  Journal,  American  Society  of  Mechanical  Engr., 
v.  37,  p.  2  (  Ian.,  1915).     (One  and  a  quarter  pages.) 

Abstracts.  The  Iron  Age,  v.  94,  p.  1297  (Dec.  3,  1914);  "The  Human 
Element":  by  lames  Hartness.  American  Gas  Light  Journal,  v.  102, 
p.  17   (Jan.  11,  1915).     (One  page.) 

"The  Present  State  of  the  Art  of  Industrial  Management."  Report  of  a 
Committee  of  the  American  Society  of  Mechanical  Engineers.  Trans- 
actions, American  Society  of  Mechanical  Engineers,  v.  34,  p.  1131 
(1912).     (Ninety-nine  and  a  half  pages.) 

Abstracts.  "Management  Factors  other  than  Labor."  Iron  Age.  v.  91, 
p.  256   (Jan.  23.  1913).      (One  and  a  half  pages.) 

"History  of  the  Introduction  of  a  System  of  Shop  Management";  bv 
James  M.  Dodge.  Trans.  Am.  SOc.  Mech.  F.ngrs.,  v.  27.  p.  720  (1906). 
(Three  years'  experience  with  the  Taylor  system  of  management;  ten 
pages.  I 

''The  Machine  Shop  Problem";  by  Charles  Day.  Trans.  Am.  Soc.  Mech. 
Lngrs.,  v.  24.  p.  1302   (1903).      (Twenty  pages.) 

"Shop  Management";  by  Fred  W.  Taylor.  Trans.  Am.  Soc.  Mech.  Engrs., 
v.  24,  p.  1337  (1903).      (143'  >  pages. ) 

"Railway  Management  and  the  Civil  Engineer";  by  Theodore  Voorhees. 
Transactions.  Association  of  Civil  Engineers  of  Cornell  University, 
v.  10,  p.  33   (1902).      (Twelve  and  a  half  pages.) 

"Scientific  Management";  by  V  <  >.  Christie.'  Wisconsin  Engineer*,  v.  17, 
p.  283  (  \pril.  1(H3L  (Outlines  organization  based  on  the  Taylor 
system.) 

"Organization  and  Discipline";  l>y  M.  C.  Rorty.  Wisconsin  Engineer, 
v.  15.  p.  197  (Feh..  1911).  (An  outline  of  the  general  principles  of 
organization  and  discipline.) 

"The  Efficiency  of  Scientific  Management":  by  Addison  J.  Parry.  Yale 
Scientific  Monthly,  v.  18,  p.   142   (Dec,   1911).      (Five  pagi 

"The    Theory    and    Practice    of    Scientific    Management":    l>v    ( '.    Herd  anil 

Thompsi  >u. 
"Scientific  Office  Management";  by  W.  H.  Leffingwell. 
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Committee. 

To  the  American  Railway  Engineering  Association: 

Your  Committee  on  Iron  and  Steel  Structures  respectfully  submits 
herewith  its  annual  report  to  the   Association. 

The  subjects  assigned  the  Committee  by  the  Board  of  Direction  are 
as  follows : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite   recommendations   for  changes. 

2.  Report  on  methods  of  protection  of  iron  and  steel  structures 
against  corrosion. 

3.  Report  on  the  relative  economy  of  various  types  of  movable 
bridges.' 

4.  Report  on  secondary  stresses  and  impact. 

5.  Report  on  column  tests. 

6.  Report  on  design,  length  and  operation  of  turntables 

7.  Report  the  present  practice  in  construction  of  ballast  floor  bridges 
and  methods  in   use   for  waterproofing. 

COMMIT  TFK    MEETINGS. 

Since  the  1917  convention  the  Committee  lias  held  two  meetings, 
one  at  Chicago,  October  18,  1917,  attended  by  eight  members,  and  one 
at  New  York,  January  18,  1918,  attended  b\  eleven  members,  I  be  usual 
early  summer  meeting  was  omitted,  but  the  year's  work  was  outlined 
and  the  Sub-Committees  assigned  on  June  16,  1917.  The  Sub-Committee 
on  Relative  Economj  of  Various  Types  of  Movable  Bridges  has  held 
thrre  meetings  for  detailed  consideration  of  Movable  Bridge  Specifica 
tions.  The  Sub-Committee  on  [mpacl  Tests  during  the  summer  con 
dm  ted  impact  tests  on  the  electrified    ection  o\   the  Chicago,   Milwa 

•Died  August  15,  i oi 7. 
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&   St.   Paul   Railway.     The   other   Sub-Committees   have   done   their   work 
by  correspondence. 

(1)     REVISION  OF  MANUAL, 

The  Committee  has  undertaken  a  revision  of  the  subject-matter  of 
the  Association's  General  Specification-  for  Steel  Railway  Bridges.  These 
specifications  were  adopted  as  part  of  the  Committee's  report  to  the  1906 
convention,  Proceedings,  Vol.  7,  pp.  185-207,  and  236-263.  There  has 
been  no  substantial   revision  of  them   since. 

The  Committee  invites  constructive  suggestions  from  members  of 
the  Association  and  others.  It  should  be  borne  in  mind  that  in  making 
up  a  work  of  this  character,  involving  many  interdependent  parts,  it  is 
much  easier  to  incorporate  ideas  for  changes  in  the  original  draft  than 
to  make  changes  imposed  by  majority  vote  after  the  draft  has  been  sub- 
mitted. 

In  thi-  work,  it  is  expected  to  co-operate  with  a  corresponding 
committee  of  the  Canadian  Society  of  Civil  Engineers,  which  has  in 
progress  a  revision  of  that  society's  specification- 
Incidental  to  the  revision  of  the  specifications,  there  wifl  have  to 
be  a  revision  of  the  rules  and  unit  stresses  for  the  capacity  rating  of 
existing   bridges. 

(2)     METHODS  OP  PROTECTION   OF   IRON   AND  STEEL 

STRUCTURES  AGAINST  CORROSION. 

The  Committee  is  investigating  the  use  of  plastic  compounds  for  the 
protection  of  steel  work  exposed  to  the  blast  action  from  locomotive 
stacks. 

The  Committee's  report  -on  the  Schoop  metal  spraying  process  for 
the  protection  of  iron  and  steel  against  corrosion  follows.  It  is  recom- 
mended that  the  conclusion  at  the  end  of  the  report  be  adopted  and 
printed  in  the  Manual. 

The  Committee  this  year  has  investigated  the  Schoop  metal  spraying 
process  for  the  protection  of  iron  and  steel  from  corrosion.  The  process 
is  described  in  the  Committee's  report  to  the  1916  convention,  Proceed- 
ings, Vol.  17.  page  102.  It  was  found  that  laboratory  tests  made  by 
certain  railroads  showed  unsatisfactory  results.  In  all  cases  it  was  re- 
ported that  the  coatings  were  pervious  to  water. 

Where  bronze,  lead  and  aluminum  coatings  were  exposed  to  brine, 
the  bronze  and  lead  coatings  were  practically  destroyed  after  a  few 
weeks'  exposure;  the  aluminum  coating  was  in  good  condition,  but  was 
raised  off  the  plate,  showing  the  action  of  rust  beneath  the  coating. 

Conclusion. 
Ii  i«  concluded   from  information  obtainable  to  date  that  the  Schoop 
metal    spraying    process    does    not    afford    satisfactory    protection    from 
corrosion. 
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(3)     RELATIVE  ECONOMY  OF  VARIOUS  TYPES  OF  MOVABLE 

BRIDGES. 

The  Committee  submits  the  Specifications  for  Movable  Bridges,  Ap- 
pendix D,  and  recommends  that  they  be  printed  in  the  Proceedings  as 
information. 

The  purpose  of  these  recommendations  is  to  make  the  specifications 
available  for  use,  and  to  incite  constructive  criticism,  with  the  expecta- 
tion that  the  specifications  may  be  adopted  in  revised  and  satisfactory 
form  for  inclusion  in  the  Manual  a  year  or  two  later. 

(4)  SECONDARY  STRESSES  AND  IMPACT. 

The  Committee's  report  on  the  impact  tests  made  during  the  sum- 
mer, on  the  electrified  section  of  the  Chicago,  Milwaukee  &  St.  Paul 
Railway  is  given  in  Appendix  A,  and  the  Committee  recommends  that 
it  be  accepted  as  information  and  printed  in  the  Proceedings. 

(S)     COLUMN  TESTS. 

The  Committee's  progress  report  on  column  tests  is  given  in  Appendix 
B,  and.  it  is  recommended  that  this  report  be  printed  in  the  Proceedings 
as  information.  It  is  recommended  that  the  conclusions  at  the  end  of 
the  report  be  adopted  and  printed  in  the  Manual. 

(6)  DESIGN,    LENGTH    AND    OPERATION    OF    TURNTABLES. 

The  Committee's  report  in  the  form  of  specifications  for  bronze 
bearing  metals-  for  turntables  and  movable  bridges  is  submitted  in  Appen- 
dix C,  with  the  recommendation  that  the  specifications  be  adopted  and 
printed  in  the  Manual.  These  specifications  are  the  result  of  several 
years'  study  of  this  subject  by  the  Committee.  Tentative  specifications 
were  submitted  to  the  1916  convention  and  were  printed  in  the  Proceed- 
ings, Vol.  17,  beginning  on  page  107.  As  a  result  of  the  use  made  of 
the  tentative  specifications,  and  further  study  of  the  subject,  some  slight 
revisions  have  been  made,  and  the  specifications  as  now  submitted  are 
believed  adequately  to  COVi  I  the  present  state  of  the  art  for  the  purposes 
set  forth. 

(7)  PRESENT   PRACTICE   IN   CONSTRUCTION   OF   BALLAST- 

FLOOR  BRIDGES,    W'i>  METHODS  IN  USE 
Fl  IR  WATERPROOFING, 

The  Comrhittei    reports  only  pi  n   this   subject,  and   expects 

to  a  mtinue  it  during  the  1 1  iming  j 
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ki-.n  )\i mi. m>\tioxs. 

The  Committee  recommends  that  the  following  action  be  taken  on 
its  report : 

(1)  That  the  conclusion  under  subject  (2),  methods  of  protection 
of  iron  and  steel  structures  against  corrosion,  be  approved. 

(2)  That  the  Specifications  for;  Movable  bridges  (Appendix  D),  In- 
received  as  information  and  published  in  the  Proceedings,  with  a  view  of 
revising  and  adopting  them  for  inclusion  in  the  Manual  a  year  hence. 

(3)  That  th£  report  on  impact  tests  (Appendix  A),  he  received  as 
information  and  published  in  the  Proceedings. 

(4)  That  the  report  on  Column  Tests  (Appendix  B),  be  received  as 
information  and  that  the  conclusions  therein  be  approved  for  publication 
in  the  Manual. 

(5)  That  the  Specifications  for  Bronze  Bearing  Metals  for  Turn- 
tables and  Movable  Railroad  Bridges  (Appendix  ("),  be  approved  for 
publication  in  the  Manual. 

SIGGESTIONS  FOR  FUTURE  WORK. 

1.  Examination  of  the  subject-matter  in  the  Manual  and  definite 
recommendations  for  changes. 

(a)     Revise  the  General  Specifications  for  Steel  Railway  Bridges. 
(h)      Revise  the  rules  and  unit  stresses  for  classifying  and  rating  the 
capacity  of  existing  bridges. 

2.  Methods  of  1'rolcction  of  Iron  and  Steel  Structures  against  Cor- 
rosion. 

Report  upon  the  use  of  plastic  compounds  for  the  protection  of  steel 
work  exposed  to  the  blast  action   from  locomotive  stacks. 

3.  Relative  Economy  of  Various  Types  of  M,ovable  Bridge}. 
Revise  the   Specifications   for   Movable   Bridges   and   report   them    f    i 

adoption. 

4.  Secondary  Stresses  and  Impact. 

(a)  Report  definite  principles  for  design  to  reduce  secondary  stresses 
and   rules   for  computing  or  allowing   for  them.     • 

(b)  Study  and  draw  conclusions  from  records  of  impact  tests. 

(c)  Continue  impact  tests  and  stress  measurements  as  funds  max 
be  available. 

5.  Column   Tests. 

Continue  with  program  of  column  tests  as  far  as  the  work  of  the 
Bureau  of  Standards  will  permit. 

6.  Design,  Length,  and  Operation  of  Turntables. 

(a)  Report  specifications  for  the  design  of  turntables  and  turntable 
pits. 

(b)  Report  specifications  for  steel  for  turntable  roller  and  disc  bear- 
ings. 

7.  Ballast  Floor  Bridges  and  Methods  in  Use  for  Waterproofing. 
Report   principles   for   detailed   design   of   flashing,   drainage,   and   rein- 
forcement for  waterproofing  purposes. 

8.  'Track  Scales. 

Collaborate  with  the  Committee  on  Yards  and  Terminals  in  the 
design  of  track  scale  superstructures. 

Respectfully  submitted, 
The  Committee  on  Iron  and  Steel  Structure 


Appendix   A. 

IMPACT    TESTS    ON    THE    ELECTRIFIED    SECTION    OF    THE 

CHICAGO,  MILWAUKEE  &  ST.  PAUL  RAILWAY,  1917. 

F.    E.    Turnf.aure,    Chairman,    Sul)-Committee. 

The  question  of  impact  under  electric  locomotives  has  heen  thor- 
oughly studied  by  the  Committee,  and  during  the  summer  of  1917  some 
important  tests  were  made  on  bridges  on  the  electrified  section  of  the 
Chicago,  Milwaukee  &  St.  Paul  Railway  Company  in  Montana.  The 
tests  on  the  Norfolk  &  Western  Railway  made  in  1916  did  not  include 
spans  exceeding  96  feet  in  length,  and  the  speeds  available  did  not 
exceed  about  29  miles  per  hour.  Those  tests,  therefore,  while  of  very 
considerable  value,  did  not  have  sufficient  range  to  be  as  conclusive  as 
might  be  desired.  The  results  obtained  were  very  satisfactory,  so  far 
as  they  went,  and  tended  strongly  to  confirm  the  opinion  previously 
expressed  that  impact  under  well-balanced  electric  locomotives  would  be 
very  small.  The  value  of  the  results  of  those  tests  was  very  consider- 
ably enhanced  by  making  use  on  the  same  structure  of  two  types  of  steam 
locomotives:  the  consolidation  type  and  the  Mallet  type.  The  very 
Krcat  difference  between  the  results  obtained  with  the  steam  locomotives 
and  with  the  electric  locomotives,  especially  on  the  longer  spans,  was 
very  significant  as  tending  to  show  the  relatively  small  impact  from 
electric  locomotives.  However,  the  limited  range  of  span  length  and 
the  limited  speed  made  it  very  desirable  to  continue  the  tests  if  possible 
on  longer  spans  and  at  higher  speeds.  The  very  best  conditions  for 
such  tests  were  to  be  obtained  on  the  electrified  lines  of  the  Chicago, 
Milwaukee  &  St.  Paul  Railwav  Company  in  Montana,  and  a  request  by 
the  Committee  for  the  necessary  facilities  was  promptly  acceded  to  by 
this  Company.  The  thanks  of  the  Committee  are  due  to  the  manage- 
ment of  the  Company,  and  particularly  to  Mr.  C.  F.  Loweth,  Chief 
Engineer,  for  the  very  excellent  opportunities  afforded  the  Committee 
for  making  these  valuable  tests. 

(    HARACTER    0*     S  IKivi  i  Kl  S    TfiS  II  H. 

The  structures  tested  consisted  of  the  following  types  and  Span 
lengths  : 

First    Crossing    of    Missoula    River    nMr    Missoula,    Mont. 
60-ft.  through  girder. 
so  ft.  through  girder. 
loo  ft    i i\  eted  pony  truss. 
Second   Crossing   of   Missoula    R  ver   near   Cyr,    Mont. 

..'Ill   it.    deek    tins-,. 
Third    Crossing   of    Missoula    F'iver    near   Cyr,    Mont. 
.'in  it    -le.  k  tin- 

7x| 
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Viaduct  near  Saltese,   Mont. 

62ft.   and  46y!>-it.   span   lengths. 

The  general   dimensions    and   arrangements   of    these   structures   are 
-hewn  in  the  figures  given  herein. 

The  Test  Load. 
The  test  load  consisted  of  an  electric  locomotive  composed  of  two 
units,  followed  by  a  .sufficient  number  of  loaded  cars  to  cover  the  struc- 
ture. A  wheel  load  diagram  of  the  locomotive  is  given  herewith.  The 
locomotive  has  its  motors  geared  to  the  driving-wheel  axles,  no  side 
rods  being  used  in  this  type.  All  rotating  parts  are  presumed  to  be  bal- 
anced, so  that  any  impact  effect  would  be  due  to  such  causes  as  roughness 
of  wheels  and  track  and  deflection  of  structure. 

Apparatus  Used. 
The   apparatus    used   in    these   tests   was    the    same   as    that   used    in 
previous   tests   made    by   the    Committee.      This    is    described    in    Bulletin 
125,  July,  1910.     In  addition  to  this  apparatus,  the  Committee  made  use, 
to   a   small    extent,   of   certain   extensometers    employed  by    Prof.   A.    N. 
Talbot  in  the  track  experiments  which  he  is  conducting  on  behalf  of  the 
loint    Committee    established    for    the    study    of    track    stresses.      These 
extensometers   record   directly,   without   multiplication,   the   strains   in   the 
members  to  which  they  are  attached.     The  record  is  made  by  means  of 
a  fine  steel  point  upon  a  smoked  glass  plate,  and  is  read  by  means  of  a 
microscope.     Such  an  apparatus  has  the  advantage  over  the  extensometer 
used  by  the  Committee  in  that  the  difficulties  due  to  instrumental  vibra- 
tion are  avoided,  which  enables  more  satisfactory  results  to  be  obtained 
on  very  short-span  girders.     The  quantities  measured  are,  however,   ex- 
tremely   small,    and    a    considerable    amount    of    experience    is    necessary 
before  a  reasonable  degree  of  precision  can  be  had.     These  instruments 
were  used  on  a  floor  beam  and  on  a  sljort  stringer.     The  results  obtained 
on    the   floor   beam    indicated    small    impact,    and    tended   to    confirm    the 
results  obtained  by  the  other  type  of  extensometer  which  was  applied  to 
another  beam   of  the   same  bridge.     The   results   from   the   stringer   indi- 
cated considerable  impact,  but  many  more  observations  would  be  neces- 
sary   and    much    more    experience    with    this    type    of    apparatus    before 
reliable   results   on   the  short   spans  could   be   secured.     It  is   hoped   that 
this   held   of   experimentation   can   be   adequately   covered   at    some   future 
time. 

Method  of  Conducting  Tests. 
The  tests  were  made  in  the  same  general  manner  as  those  previ- 
ously reported,  namely,  the  special  test  train  was  run  over  the  structure 
a  considerable  number  of  times  at  various  rates  of  speed.  Movements 
were  made  at  low  speeds  of  8  to  12  miles  per  hour  so  as  to  secure 
readings  not  affected  by  impact.  These  readings  were  considered  to 
represent  static  strews,  and  the  excess  of  stress  resulting  from  move- 
ments  at    higher   speeds    was   considered    to    represent   the    impact    cfifei  ; 
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Speeds  were  readily  obtained  up  to  about  60  miles  per  hour  and  above. 
No  tests  were  made  with  steam  locomotives.  It  was  thought  that  the 
very  numerous  experiments  heretofore  made  with  steam  locomotives 
on  structures  of  the  kind  herein  described  were  sufficient  to  furnish  a 
basis  of  comparison.  The  results  Of  these  tests,  therefore,  may  be  com- 
pared with  the  general  results  of  those  heretofore  presented. 

Results   of  Tests. 

The  important  results  of  tests  are  given  herewith  in  tabular  form. 
The  percentage  of  impact  given  is  the  maximum  percentage  obtained 
in  the  entire  series  of  tests  on  each  structure  in  question.  A  number 
of  runs  were  made  in  each  case  at  and  near  the  highest  speed  indicated, 
and  it  is  believed  that  the  maximum  percentages  here  given  represent 
the  maximum  to  be  expected  from  the  type  of  locomotive  used.  In 
fact,  -the  actual  percentage  is  probably  somewhat  less  than  the  figures 
given,  as  the  tendency  of  the  extensometer  is  to  exaggerate  somewhat 
the  percentage  of  impact  for  two  reasons  :  First,  because  of  the  effect 
of  friction  in  tending  to  show  too  small  results,  the  error  being  greater 
at  low  speeds;  second,  the  effect  of  inertia  of  the  instrument,  which 
tends  to  magnify  the  motion  in  case  of  vibrations. 

IMPACT  PERCENTAGES. 
Structure.  Maximum  Impact 

Percentage. 
60   Ft.   Through   Plate   Girder. 

7   Tests,   maximum   speed  63  m.p.Jt. 

Inside  edge,  top  flange,  north  girder 5% 

Outside  edge,  top  flange,   north   girder No   impact   at   50  m.p.h. 

Diagram      imperfect     at 
higher  speeds. 

Inside  edge,  top  flange,  South  girder No   impact   at  42   m.p.h. 

Diagram     imperfect      .it 
higher  speeds. 

Outside  edge,  top  flange,  south  girder No  impart  up  to  50  m.p.h. 

Diagram      imperfect     at 
higher  speeds. 
Deflcctomctcr  results    S'  , 

80  Ft.  Through   Plate  Girder. 

/.s  Tests,  maximum  speed  61  m.p.h. 
Outside  edge,  top  1 1  a  1 1 1  •,  < ,  north  girdci     .... 

Outsidi    edge,  top  flange,  south  girder 

Inside  edge,  top  flange,  south  girder 11' i 

Deflectometcr  results   

100  Ft.  Span   Pony  Truss. 

/</  Tests,  maximum   speed  68  m.p.h. 

Inside  edge  bottorn  flange,  inclined  eud  po  I 

Inside   i  dge,    top   flange,   main   diagonal .... 
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Records      imperfect      at 
high  speeds. 

Inside  edge,  top  flange,  top  chord 23% 

Outside   edge,   top   flange,   top  chord 11'; 

Deflectomctcr     results     '. 

210  Ft.   Deck  Truss  Span. 

ig  Tests,  maximum  speed  5$  m.p.h. 

Inside   edge,    main    diagonal 9\/>  '■ 

Outside   edge,   main   diagonal 1 1  % 

Inside   edge,    top   flange,    bottom   chord W'< 

Inside    edge,   bottom   flange,    end    post \\°fi 

240  Ft.   Deck  Truss   Span. 

J2  Tests,  maximum  speed  60  m.p.h. 

Outside  edge,  top  flange,  top  chord 9% 

West   edge,    bottom   flange,   2nd    floor   beam 

from  end    3% 

East    edge,    bottom    flange,    2nd    floor    beam 

from   end    17% 

Viaduct. 

An  effort  was  made  to  determine  the  effect  of  applying  brakes 
to  the  train  when  crossing  at  a  maximum  speed  of  about  45  m.p.h. 
Seven  tests  were  made.  Instruments  were  attached  to  members  as 
indicated  in  the  sketch  of  the  tiaduct.  The  viaduct  has  a  ballasted 
deck   with   reinforced  concrete  slab  supports. 

Vertical  Post — The  effect  of  applying  brakes  was  to  increase  the 
stress  in  one  flange  about  6r<  and  decrease  the  stress 
in    the   other   flange   about   4%. 

Diagonal  Bracing — The  stress  in  this  diagonal  bracing  was  not  ap- 
preciably changed  by  the  setting  of  brakes.  The 
average  stress  for  all  runs  was  about  1,700  lbs. 
per  sq.  in.  in  one  flange  and  1,100  lbs.  per  sq.  in. 
in   the   other. 

It  is   apparent  that  the   effect  on   the  towers  of 
applying  brakes  was   scarcely  appreciable. 

It  will  be  seen,  in  general,  that  the  impact  effects  were  in  most 
cases  very  small,  and  particularly  so  in  the  long  truss  spans.  The  rela- 
tively large  impact  of  23%  in  the  top  flange  of  the  pony  truss  was 
probably  due  more  to  lateral  movement  than  to  vertical  vibration.  In 
the  60  ft.  girder,  instrumental  vibration  for  speeds  greater  than  about 
sit  miles  per  hour  made  the  records  valueless,  but  the  results  obtained 
for  speeds  below  50  miles  per  hour  indicate  thai  there  was  very  little 
impact    -ii'--    in    tin     structure.     The  deflectomctcr   readings    are   reliable 


IRON  AND  STEEL  STRUCTURES.  785 

Conclusions. 

1.  From  the  results  of  the  tests  on  the  electrified  section  of  the 
Chicago,  Milwaukee  &  St.  Paul  Railway,  the  tests  made  in  1916 
on  the  Norfolk  &  Western  Railway,  and  the  few  tests  made  in 
1909  at  Schenectady,  New  York,  it  would  appear  to  be  fairly  well 
established  that  the  impact  effect  from  electric  locomotives  is  very 
much  less  than  from  steam  locomotives  of  the  usual  type.  Comparing 
results  obtained  in  these  tests  with  the  results  from  steam  locomotive-, 
it  would  appear  that  the  impact  from  electric  locomotives  on  structures 
exceeding,  say,  25  ft.  span  length,  is  not  more  than  one-third  of  the 
impact  produced  by  steam  locomotives. 


2.  The  conditions  as  to  counterbalancing  of  the  electric  locomotive 
considered  in  the  foregoing  conclusions  were  as  follows :  (a)  The  elec- 
tric locomotive  used  by  the  Norfolk  &  Western  Railway  Company  has 
crank  connections  between  the  motors  and  the  driving  wheels,  and  the 
driving  wheels  are  connected  by  means  of  side  rods.  Each  unit  has  two 
motors  and  two  sets  of  drivers  independently  connected.  As  a  result  of 
this  arrangement  the  relative  position  of  the  cranks  and  side  rods  for 
the  two  sets  of  drivers  is  not  fixed  and  may  vary  through  all  possible 
angles.  Data  of  actual  weights  of  side  rods  and  counterweights  showed 
that  those  locomotives  were  very  slightly  out  of  balance. 
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First  Crossing  of  Missoula  River  mar  Missoula,   Montana. 
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Chicago,  Milwaukee  tv:  St.  Paul  Railway. 

60- ft.  Girder  Span. 

First  Crossing  of  Missoula  River  near  Missoula,  Montana. 
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Chicago,  Milwaukee  &  St.  Paui    Railway. 
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Firsl  Crossing  of  Missoula  River  near  Missoula,  Montana. 
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Chicago,  Milwaukee  &  St.  Paul  Railway. 
Silver  Creek  Viaduct,  near  Saltcse,  Montana. 
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Chicago,  Milwaukee  &  St.   1'aui.  R\ii.wav. 

210-ft.  Deck  Truss  Span. 

Second    Crossing    of    Missoula    River    East    of    Cyr,    Montana. 
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< 'mi  \i;o,  Milwaukee  &  St,  Paui    Railway, 

240  i-  p.  Deck  Truss  Scan. 

Third  Crossing  of  Missoula  Rivei    Wesl  "i   Cyr,   Montana 
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Chicago,  Milwaukee  &  St.  Paul  Railway. 

Electric  Locomotive  Diagram. 

Type  4-4-4    4-4-4.  Class   10100-10111,   Passenger   Locomotive. 


Appendix   B. 

COLUMN   TESTS. 
\V.   H.  Moore,  Chairman,   Sub-Committee. 

The  program  of  column  tests  to  he  made  by  the  Bureau  of  Stand 
ards  for  this  Association  was  described  fully  in  Vol.  16,  p.  636. 

Of  the  eight  column  sections  which  it  was  originally  decided  to 
have  tested,  only  Column  No.  1  of  Series  No.  1,  consisting  of  two 
channels   with   flanges   turned  in,   has  been   touched  so   far. 

Complete  reports  of  the  tests  of  the  first  eighteen  columns  tested 
already  have  been  published.  (See  American  Railway  Engineering  Asso- 
ciation Proceedings,  Vol.  14,  page  96;  Vol.  15,  page  435;  Vol.  16, 
page  636,  and  inset  at  back  of  Volume,  and  Bulletin  No.  173  for 
January,    1915.) 

The  present  report  covers  tests  of  twenty-four  columns  made  during 
1916  by  the  Bureau  of  Standards  under  the  direction  of  Dr.  S.  \Y. 
Stratton,  to  whom  the  hearty  thanks  of  the  Association  are  due.  These 
columns  arc  variations  of  Column  No.  1,  Series  No.  1;  the  same 
general  dimensions,  area  (if  cross-section,  and  slcnderness  ratios  are 
used,  the  variations  consisting  of  (1)  changes  in  size  of  rivets  and 
lacing  bars;  (2)  the  leaving  off  of  wing  and  base  plates;  (3)  the  sub- 
stitution of  batten  plates  for  lacing  with  varying  distances  between 
the    batten    plates. 

The  Bureau  of  Standards  intended  to  supplement  these  tests  by  a 
series  of  compression  tests  of  short  specimens,  cut  from  the  channels 
of  the  columns,  which  tests  were  intended  to  bring  out  the  reason  why 
the  columns  made  of  thick  material  always  fail  at  lower  unit  stresses 
than  those  made  of  thin  material.  It  was  hoped  that  these  short  com- 
pression tests  could  have  been  made  during  1917,  and,  in  fact,  many 
of  these  tests  have  actually  been  made,  but,  owing  to  stress  of  otln t 
business,  the  Bureau  has  been  unable  to  complete  the  series  and  to 
furnish  the  Committee  with  reports  of  the  results.  However,  it  may 
lie  stated  that  the  short  specimen  tests  show  that,  in  compression,  the 
lliin  material  lias  a  higher  elastic  strength  than  the  thick  material,  although 
the  original  tensile  specimen  tests  on  which  the  material  was  accepted, 
gaye  practically  identical  results  as  regards  the  elastic  limit  in  tension 
for  the,  thick  and  the  thin  material.  While  the  specimen  tensile  tests, 
in  all  cases,  gave  results  reasonablj  dose  to  the  prescribed  limits  of 
37,000  to  39,000  lbs.  per  so.  in.,  the  short  compressive  tests  showed  yield 
points  varying  from  belpv  30,000  lbs.  per  sq.  in.  to  above  ll.(HX)  lbs. 
per  sq.  in. 

This    series    of    Column    tests    proves,    as    have    all    the    previous    ones 

both   for  this  Association  and  For  the    American  Society  of  <  i\il   Engi 

neei-s,    that    the    COllimtlS    built     of    thin    material    almost    invariably    shdtl 

highct    1 1 1 1 1 1   stresses  at    failure  than   the   similar  columns  bulh   of  thick 
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material.  The  series  also  seems  to  show  that,  with  lacing  bars  and 
rivets  somewhat  larger  than  standard  practice  calls  for,  the  column 
will    show    additional   strength. 

As  regards  the  substitution  of  batten  plates  instead  of  lacing  bars, 
this  series  of  tests  shows  conclusively  that,  in  order  to  develop  the 
full  strength  of  the  column,  batten  plates  should  not  he  used.  It  also 
shows  that,  where  the  distance  from  center  to  center  of  outer  rivets 
on  adjacent  batten-  is  fixed  so  that  the  1/r  distance  for  the  individual 
channel  i-  abpiil  the  same -as  that  for  the  column  considered  as  a  whole, 
the  column  is  Weaker  than  when  this  distance  is  reduced.  In  all  cases, 
the  columns  with  battens  failed  at  an  ultimate  strength  from  6000  to 
9000  lbs.  per  sq.  in.  less  than  the  corresponding  column  with  lacing, 
and,  in  one  case,  the  heavy  section  with  120  1/r,  as  much  as  15,000  lbs. 
per  sq.   in.   less. 

In  all  cases,  the  length  for  computing  the  slenderness  ratio  of  the 
column  was  taken  as  the  entire  length  of  the  column,  or  the  length 
between  base  plates,  where  base  plates  were  used.  When  failure  is 
emphasized  by  the  complete  visible  destruction  of  the  column,  it  usually 
becomes  quite  apparent  that  points  of  inflection  occur  not  far  from 
the  ends  of  the  column.  This  is  less  noticeable  in  the  batten-plated 
columns,  where  the  method  of  failure  is  usually  by  sudden  bending  at 
the  batten  plates. 

Plate  I  shows  details  of  Columns  1— I,  — K,  — L  and  — M. 

Table  No.  1  shows  the  make-up  of  Columns  Nos.  1 — C,  — H,  —I, 
— K,  — L,  — M,  — N,  and  — O,  and  gives  ah  abstract  of  the  tests  for  the 
twenty- four  columns  of  this  series.  Note  the  poor  showing  of  the 
batten-plated  columns  and  especially  the  extremely  low  value  of  the 
heavy  section  1— M  with  1/r  =120. 

Tahle  No.  2  gives  a  comparison  of  the  strength  of  columns  of  the 
first  series  and  live  columns  in  this  series,  the  two  columns  of  each 
pair  differing  in  one  detail,  except  Columns  E  and  M,  which  differ 
in    two. 

Column  1 — G  is  the  same  as  Column  1--C  of  the  first  series  except 
that  the  lacing  is  reduced  from  2*4  in.  by  -^-inch  to  2  in.  by  J^-incn 
and   the   rivets  are  5^-inch   diameter   instead  of  J^-inch. 

Columns  1— N  and  l—O  are  identical  with  1 — B  and  1 — E,  respec- 
tively, of  the  first  series,  except  that  the  sizes  of  the  lacing  and  rivets 
arc  reduced  the  same  as  in  Column  1 — G. 

Column  1 — H  is  the  same  as  Column  1 — B  of  the  first  series  except 
that   in   Column   II    the   wing  plates  and  base  plates   arc   left  off. 

From  the  comparisons  in  Table  2  of  the  three  sets  of  columns 
which  vary  only  in  the  sizes  of  the  lacing  bars  and  rivets,  it  would 
seem  fair  to  assume  that  the  heavier  lacing  and  larger  rivets  add  to 
the  strength  of   the  column. 


IRON  AND  STEEL  STRUCTURES. 


791 


Z 
0 

h 
< 

G 
O 

'J 

z 

/)  Id 
uJ  Z 

z5 

y 

03 

u< 

z 
< 

cc 

Id 


z 

0 

h 
u 

z 

x 
id 
< 

U 
cS 

I  Q 

< 


fi9 


ONHU 


g 

51 


t->0 

J| 


"I1  ~? 


Hi 
.5 


3i; 


M?* 


\>  <*, 


TTT 


fll 

»  «  k 

SB 

If}  4 


±± 


Pi 


^-^ 


ease* 

flln  n  n    (*) 


J. 


£41 


o>!$ 


r~ i  ? 


a  4 
If* 

tl% 

3    3    ] 

n — g 


a  0  MS 

5.2  S 

^-  to  *t 

CM,  fvl    CM 


T 
ii 

i  oo 


M 


-f 


c*# 


8  8,8 

fT|     I*)     fO 


in 


_   M 
O    O 


ii 


si 

v 
S  is 


792 


IRON  AND  STEEL  STRUCTURES. 


In  the  comparison  between  Columns  B  and  H,  with  and  without 
wing  and  base  plates,  the  three  B  columns  varied  from  32,860  to  35,000 
lbs.  per  sq.  in.,  while  the  H  columns  varied  only  from  33,850  to  33,870 
lbs.  per  sq.  in.  The  greater  uniformity  in  the  H  columns  possibly  is 
due  to  the  superior  accuracy  of  the  bearings  in  the  machine,  these 
bearings  having  been  scraped  to  exactly  true  and  parallel  surfaces  by 
the  Bureau.  The  ends  of  the  channels  in  Column  B,  being  inaccessible 
at  the  Bureau  on  account  of  the  base  plates,  could  not  be  made 
exactly  true,  but  retained  the  slight  inaccuracies  incidental  to  the 
shop    work. 

Table  No.  2. 


Type  Co. 

Ares   of 

ejection, 

oq .In. 

1/r 

Lacing  4; 
P.i7eta 

wing  &   Base 
Pistes 

. allure, lbs .per 
b,  .  in. .    mean   of 
three   tests 

1   C 

9.56 

120 

2   1/4"  x  3/6" 
Rivet 3   3/4" 

Yes 

33,006  * 

1  C 

9.56 

120 

2"   3    1/4" 
Rivets   5/b" 

Yes 

32,404 

1   3 

9.56 

65 

2   1/4"    x   3/6" 
Rivets    3/4" 

Yea 

33.984 

i  ;; 

9.56 

85 

2"    J   1/4" 
Rivets   5/6" 

Yes 

33,754 

l  i 

12.50 

85 

2   1/4"  x  3/6" 
Rivets   3/4" 

Y93 

34,332 

1  0 

12.50 

85 

2"    X    1/4" 
Rivets   5/8" 

Yes 

31.618 

1   B 

9.56 

65 

2    1/4"   x   3/6" 
Rivets   3/4" 

Yes 

33.984 

1   K 

9.56 

65 

2    l/4"x   3/8" 
Rivets   3/4" 

i.'o 

33.660 

1   F 

12.50 

120 

2   1/4"    x   3/8" 
Rivets    3/4" 

Yes 

30.    809 

l  :: 

12.50 

120 

3attens 
Rivets    :/i" 

HO 

15,086 

Column  M  is  the  same  as  Column  F  except  that  it  has  batten  plate- 
instead  of  lacing,  and  that  the  wing  and  base  plates  are  omitted. 

Plate  II  gives  the  stress  strain  diagrams  for  Column-  H.  T. 
and  M.  On  the  last  two,  which  are  columns  with  batten  plate-,  note  that 
the  stress  strain  line  runs  up  straight  to  the  point  of  ultimate  strength 
and  then   fails  without  any  transition  curve. 

Elate  III  shows  photographs  of  Column-  1  G,  If.  I.  — K,  L, 
and  — M   in   the  testing  machine   after   failure   had  been   emphasized. 

The  complete  test  records  as  furnished  by  the  Bureau  of  Standard-, 
together  with  stress-strain  diagrams  for  Cohunns  1  < ..  H.  X.  ' '. 
.ni(l  1  I,  K,  I.,  and  -M  similar  to  those  published  with  the  report 
on  the  first  scries  of  columns,  have  been  bound  and  placed  in  the  library 
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of  the  Association,  where  they  will  he  accessible  for  study.  These 
reports,  as  well  as  giving  the  behavior  of  the  column  as  a  whole,  furnish 
valuable  information  as  to  the  distribution  of  local  stresses  shown  by 
the  8-inch  strain  gage  measurements. 

Conclusions. 

The  conclusions  that  seem  warranted  from  the  tests  56  far  made  in 
the  proposed  scries  arc  : 

('1)  Columns  in  which  batten  plates  are  substituted  for  lacing  bars 
will  not  develop  the  full   strength  of  the  section  and  should  not  be  used. 

(2)  The  specimen  tensile  tests  on  which  material  is  ordered  and 
accepted  afford  no  proper  criterion  for  the  strength  of  a  column. 

(3)  A  column  designed  so  that  it  fails  as  a  whole  and  not  by 
reason  of  local  weakness  will  have  an  ultimate  strength  of  which  the 
compressive  yield  point  of  the  material  of  which  it  is  made  up  is  an 
index,  since  the  higher  this  yield  point  is.  the  stronger  will  be  the 
column. 

It  will  be  desirable,  and  may  be  possible  after  the  short  specimen 
compressive  tests  are  available  for  study,  to  add  to  the  General  Speci- 
fications  a   requirement   covering   short  compressive  tests.     • 

In  connection  with  the  study  of  these  tests,  careful  consideration 
should  be  given  to  the  final  report  of  the  Committee  on  Steel  Columns 
and  Struts  of  the  American  Society  of  Civil  Engineers  published  in  the 
Proceedings  of  December,  1917.  The  "useful  limit  point"  as  therein 
defined  should  be  noted  and  also  the  working  stresses  recommended 
for  columns  with  square  ends,  these  being  12,000  lbs.  per  sq.  in.  for 
slenderness  ratios  up  to  about  SO  and  dropping  in  a  straight  line  from 
that  point   to  8000  lbs.  per  sq.   in.  at   a  slenderness  ratio  of  120. 

The  program  for  the  American  Society  of  Civil  Engineers  was  de- 
signed to  eliminate  all  variables  except  form,  slenderness  ratio,  and  light 
and  heavy  material,  and  it  excluded  laced  sections.  The  American  Rail- 
way Engineering  Association  program,  which  was  intended  to  supple- 
ment this,  includes  the  ordinary  forms  generally  found  in  bridge  nuin 
hers,    symmetrical    laced    sections    and    top    chord    sections    balanced    and 

unbalanced,  certain  of  the  sections  t"  be  tested  with  both  square  ends 
ami  pin   ends.      This  program  also  contemplates   the   varying  of   details 

in  the  make-Up  of  each  form  in  the  hope  of  indicating  the  best  detail-, 
Of   at    hast    those   detail.-   which   should   be   avoided. 

The  Committee  had  intended  last  spring,  with  the  cooperation  of 
Dr.     S.     \\  .     Str.itton     and     the     Bureau     of     Standards,     to     proceed     with 

another  sel  "t  tests  oi  variations  on  Column  No.  l,  arranging  the 
tests  so  as  tn  give  eccentric  loading  of  varying  amounts  oi  eccentricity 

on    the    scries    of    columns,    but    this    had    tO    1"     abandoned    on    account    of 

conditions  arising  out   of  the   war. 
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Whenever  it  is  possible  to  resume  the  tests,  it  will  be  interesting 
to  ascertain  the  effect  of  using  both  thin  and  thick  material  in  the  same 
column.  Columns  Nos.  3  and  4  of  the  projected  Series  No.  1,  which 
are  laced  columns  built  up  of  plates  and  angles,  will  be  well  suited  for 
this   purpose. 

It  is  hoped  that  at  some  future  date  it  may  be  possible  to  take  up 
the   work   again   and  earn    the   program   of   tests   to  a  conclusion. 
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Appendix   C. 

SPECIFICATIONS     FOR     BRONZE     BEARING     METALS     FOR 
TURNTABLES    AND    MOVABLE   RAILROAD    BRIDGES. 

W.   S.   Bouton,   Chairman,   Sub-Committee. 

1.  Phosphor  bronze  shall  be  a  homogeneous  alloy  of  crystalline 
structure.  It  shall  be  made  from  new  metals,  except  that  scrap  of 
known  composition  produced  by  the  foundry  at  which  the  bronze  is  cast 
may  be  used.  It  shall  not  contain  sulphur.  The  phosphorus  shall  be 
introduced  in  the  form  of  phosphor-tin  or  phosphor-copper.  Castings 
shall  be  sound,  clean,  and  free  from  blowholes,  porous  places,  cracks 
and    other    defects. 

2.  The  alloy  shall  be  cast  into  ingots  and  allowed  to  cool,  and 
the  castings  shall  be  poured  from  the  remelted  ingots.  Care  shall  be 
exercised  that  the  metal  is  not  overheated  and  that  the  temperature 
at  pouring  and  the  conditions  of  cooling  are  such  as  will  be  most 
likely  to  secure  dense  castings. 

3.  There  shall   be   four  grades : 

Grade  A  is  to  be  used  for  contact  with  hardened  steel  discs 
under  pressures  exceeding  1500  lbs.  per  sq.  in.,  such  as  are  used  in 
turntables   and   center  bearing   swing  bridges. 

Grade  B  is  to  be  used  for  contact  with  soft  steel  at  low 
speeds  under  pressures  not  exceeding  1500  lbs.  per  sq.  in.,  such  as 
trunnions   and  journals   of   bascule   and  lift  bridges. 

Grade  C  is  to  be  used  for  ordinary  machinery  bearings. 

Grade  D  is  to  be  used  for  gears,  worm  wheels,  nuts,  and  similar 
parts   which   are   subjected   to   other  than   compressive   stresses. 

4.  The  chemical  and  physical  qualities  shall  conform  with  the 
requirements  in  the  tabic  on  the  following  page. 

5.  The   chemical   analysis   of    each   heat   shall   be   furnished. 

6.  Test  specimens  shall  be  made  from  coupons  which  are  a  part 
of  the  casting  and  which  have  been  fed  and  cooled  under  the  same 
conditions   as   the   casting. 

7.  Compression  test  specimens  shall  be  cylinders  one  inch  high  and 
of  one  square  inch  area.  The  elastic  limit  in  compression  shall  be  the 
load  which  gives  a  permanent  set  of  0.001  inch. 

8.  Tension  test  specimens  shall  be  turned  from  a  coupon  not  less 
than  one  inch  in  diameter  to  the  form  shown  in  Fig.  2  of  the  American 
Railway  Engineering  Association,  General  Specifications  for  Steel  Rail- 
way Bridges.  The  diameter  of  the  turned  specimen  shall  be  one-half 
inch. 

9.  At  least  one  compression  test  shall  be  made  from  each  melt  for 
grades  A,  B,  and  C;  and  one  compression  and  one  tension  test  for 
grade  D.  For  castings  weighing  over  100  lbs.,  finished,  the  prescribed 
tests  shall   be  made   for  each   casting. 
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10.  The  hardness  of  the  finished  castings  shall  be  tested  by  the 
Brinell  ball  method  and  a  record  of  the  test  furnished.  The  ball  shall 
be  of  hardened  steel  10  mm.  in  diameter.  The  load  shall  be  500  kg.  and 
shall  be  applied  for  30  seconds  to  a  finished  plane  surface.  At  least  two 
hardness  tests  shall  be  made  upon  each  heat.  A  test  shall  be  made  oti 
each  trunnion  bearing  and  each  disc. 

Chemical  and  Physical  Qualities. 


CHAOS 

A 

B 

C                       D 

Alloy  of 

Copper 

and  tin 

Copper 
and  tin 

Copper , tin 
and  lead 

Copper, tin: 
and   zlne   : 

Copper  per  cent 

82  max. 

69  max. 

;Tln  per  oent . 

SO  nax. 

17  max. 

11  max. 

11  max. 

;Leed  per  oent . 

11  max. 

£lno  per  oent. 

2.25  max. 

Phosphorus  per  oent. 

1.0  max. 

1.0  max. 

1.0  max. 
0.7  rain. 

0.25  max. 

Other  elements 
por  cent. 

0.5  max. 

0.0  max. 

0.6  max. 

0.5  max* 

Elootlo  limit   In  oom- 
presBlon,   pounds  per 
square   inoh 

24000 
nln. 

16000 
nln. 

Permanent   set   unilor 
100,000  pounds 

.06  nln. 
.10  max. 

ilO  mln. 
.20  Tax. 

Perm"nent   sot   under 
50,000  pounds 

To  be 
recorded 

To  be 
rooorded 

To  be 
reoorded 

To  be 
recorded 

Yield  point    In  tension, 
pounds  per   square    lnoh 

To  be 
recorded 

Ultimata   strength   In 
tonslon,   pounds   por  sq.ln 

33000 
mln. 

Elonfotion   in   2   Inches 
per  cent. 

14  mln. 



Cracks   or    other   evidence   of    excessive   brittleness    in   compression 
test   specimens  after  load  may  be   cause    for  rejection. 
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SPECIFICATIONS   FOR  MOVABLE  BRIDGES. 

1.     Proposals  and  General  Requirements. 

101.  The  General  Specifications  for  Steel  Railway  Bridges  of  the 
American    Railway     Engineering     Association     shall     apply    to    movable 

bridges  except  as  modified  herein. 

Responsibility. 

102.  Unless  otherwise  provided,  the  fabricating  contractor  shall  be 
responsible  for  the  complete  installation  of  the  superstructure  and  the 
operation  of  the  moving  span  as  far  as  pertains  to  the  materials,  work- 
manship, and  erection,  and  the  designing  of  parts  and  details  which  are 
not  covered  by  the  proposal  plans.  The  Contractor  shall  furnish  and 
erect  the  structure  ready  for  the  application  of  power  for  its  operation 
and  to  receive  trains.  The  Contractor  shall  be  governed  by  the  require- 
ments of  both  the  specifications  and  the  proposal  plans. 

Time  of  Opening. 

103.  The  normal  time  for  opening  the  bridge  after  the  ends  are  re- 
leased shall  be  as  specified  on  the  proposal  drawings  for  both  the  main 
and  auxiliary  powers. 

Machinery    Drawings. 

104.  The  Contractor  shall  furnish  an  outline  drawing  of  the  ma- 
chinery on  which  are  shown  the  forces  acting  on  the  gear  teeth,  the 
twisting  moment  and  the  bending  moment  on  shafts,  and  other  informa- 
tion necessary  for  computing  the  strength  of  the  machinery  parts.  The 
Contractor  shall  make  an  assembly  drawing  and  complete  detail  drawings 
of  the  machinery.  These  drawings  shall  be  so  complete  that  the  ma- 
chinery parts  may  be  duplicated  without  reference  to  patterns,  other 
drawings,  or  individual  shop  practice. 

Torque  Curves. 

105.  The  Contractor  shall  show  In  curves  the  torque  to  be  exerted 
by  the  motor,  as  follows : 

a.  Torque  curves  for  acceleration  and  for  retardation. 

b.  A  torque  curve   for  the   frictional    resistance.     The  torque 

for    starting    friction    shall    not    be    combined    with    the 
torque   for  acceleration. 
C      A  torque  curve   for  any  unbalanced  condition  of  the  struc- 
ture. 

d.  A  torque  curve   for  the  wind  loads. 

e.  A   torque   curve    showing   the   greatest   combination   of    re- 

sistances acting  at   one  time.     The  torque   curves  of   the 
motors  under  various  operating  conditions  shall  be  super- 
imposed on  the  curve. 
Center   of   Gravity. 

106.  The  Contractor  shall  compute  the  location  of  the  center  of 
gravity  of  the  moving  span,  including  parts  attached  thereto,  and  of  the 
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counterweights  and  counterweight  girders  and  trusses.  These  computa- 
tions shall  be  based  on  accurate  weights  computed  from  shop  plans. 
Duplicate  copies  of  these  computations,  accompanied  by  weight  bills, 
shall  be  submitted  to  the  Company  for  approval. 

Houses. 

107.  The  Contractor  shall  furnish  and  build  the  machinery  house. 
The  house  for  the  operator  and  for  the  signal  devices  shall  be  built  by 
the  Contractor  or  the  Company  as  may  be  stipulated. 

Signals  and   Interlocking. 

108.  The  Company  will  furnish  and  install  the  railway  signal  sys- 
tem, including  the  master  lever  and  the  devices  necessary  for  the  inter- 
locking between  the  signal  system  and  the  moving  span.  The  Contractor 
shall  furnish  and  install  the  devices  necessary  for  interlocking  the  parts 
of  the  bridge  machinery  with  each  other  and  for  connection*  to  the 
Company's  master  lever.  The  operating  machinery  and  electrical  parts 
shall  be  designed  so  that  the  signal  system  may  readily  be  attached  and 
installed. 

Warning    Lights. 

109.  The  Contractor  shall  make  provision  (including  wiring)  for 
installing  on  the  moving  span,  the  warning  lights  and  other  signals 
required  by  the  United  States  Government  or  other  authorities,  and  shall 
provide  suitable  means  of  access  to  such  lights.  The  Contractor  shall 
furnish   these  lights. 

Wrenches. 

110.  Wrenches  to  fit  the  heads  and  nuts  of  bolts  shall  be  furnished 
by  the  Contractor. 

Defects. 

111.  If  any  defects  due  to  faulty  workmanship,  or  erection,  or  de- 
fective material,  or  design  for  which  the  Contractor  is  responsible  are 
found  within  one  year  alter  the  final  test  and  acceptance,  the  Contractor 
shall  remedy  such  defects  at  his  own  cost.  1 1"  necessary,  the  Company 
may  remedy  such  defects  at  the  expense  of  the  Contractor, 

Classification   of   Parts. 

112.  The  parts  of  the  bridge  shall  be  classified  as  follows,  and  unless 
otherwise  stipulated,  paid  for  in  the  manner  indicated  . 

a.  Structural    Steel,  by  the  pound 

b.  Machinery,  by  the  pound. 
C      Engines,  by  a  lump  sum. 

d.  Boilers  and  tanks   by  a  lump  Sum. 
trical  equipment,  by  a  lump  sum 

f.  Hou  es  for  machinerj  and  for  operators,  bj  a  lump  sum. 

g.  Wire  ropes,  by  the  pound 

li.  Wire  rope  attachments,  l>\  the  pound. 

i.  Sheaves  For  counterweights,  bj   the  pound 

j.  Metal  in  counterweights,  by  tli<-  pound. 
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k.      Concrete,   by  the  cubic  yard. 

1.      Timber  deck  and  track,  by  the  linear  foot  of  track, 
m.      Timber  walks,  by  the  thousand  feet,  board  measure, 
n.      Balancing  chains,   by  the  pound. 
Parts  not  classified  under  headings  b  to  n  inclusive,  shall  be  classified 
under  a,  structural  steel. 

113.    The  parts  included  in  the  various  classifications  shall  be: 

a.  Structural  Steel.  In  addition  to  the  moving  span,  any  rolled  or 
cast  steel  parts  which  can  be  fabricated  by  the  common  shop  methods 
of  punching,  reaming,  drilling,  boring,  shearing,  planing,  bending,  etc., 
usual  for  stationary  structures. 

Rim  girders  in  swing  bridges,  segmental  girders  in  rolling  bascule 
bridges  and  the  girders  on  which  they  roll,  tread  plates  in  rolling  bascule 
bridges,  pedestals,  wedge  bases,  center  pivot  stands,  parts  supporting  the 
machinery,  counterweight  frames,  counterweight  trusses,  operating  struts, 
towers,  steel  framing  and  plates  in  houses  for  machinery  and  operators, 
hand  rails,  stairways,  ladders,  and  specially  fabricated  track  rails  shall 
be  classified  as  structural  steel. 

b.  Machinery.  Drums,  pistons  and  their  cylinders,  eccentrics,  pivots, 
trunnions  and  their  cast  supports,  shafting,  spools,  gear  wheels,  racks, 
boxes,  bearings,  couplings,  clutches,  brakes  (unless  part  of  the  motors), 
discs,  cast  sheaves  and  wheels,  rollers,  cast  roller  treads  and  guides, 
worm  gearing,  valves,  pins  about  whose  axes  the  connecting  members 
rotate,  screws,  wedges,  toggles,  bridge  locks,  rail  locks,  indicators, 
whistles,  cranks,  axles,  hooks,  wrenches,  and  similar  parts  which  require 
machine  shop  work  and  which  are  not  included  in  any  other  classifica- 
tion herein.  Machinery  parts  attached  to  structural  parts  shall  be 
weighed  separately. 

c.  Engines.  Internal  combustion  engines,  steam  engines,  pumps  and 
compressors. 

d.  Boilers  and  Tanks.  Steam  boilers  and  stacks,  air  compressor 
tanks  and  other  tanks  with  their  fittings  and  piping. 

e.  Electrical  Equipment.  The  switchboard  with  its  attachments  and 
electrical  parts  beyond,  whether  on  or  off  of  the  moving  span,  such  as 
conductors,  conduits  and  their  fittings,  controllers,  lamps,  blow-outs, 
cut-offs,  circuit  breakers,  contactors,  solenoids,  switches,  motors,  trolley 
poles,  trolley  wheels  and  contact  shoes. 

Electrical  equipment  carrying  the  current  to  the  switchboard  from 
the  source  of  power  will  be  covered  by  a  separate  contract. 

f.  Houses  for  Machinery  and  Operators.  All  parts  of  such  houses 
except  steel  framing  and  plates. 

g.  Wire  Ropes.     The  ropes  with  their  attached  sockets. 

h.  Wire  Rope  Attachments.  Fastenings  of  the  ropes  to  the  trusses 
and  counterweights,  including  pins  and  equalizing  devices. 

i.  Counterweight  Sheaves.  Cast,  or  built  sheaves,  together  with 
their  axles  and  bearings. 
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j.  Metal  in  Counterweights.  Only  cast  iron  and  scrap  metal  used 
in  counterweights. 

k.  Concrete.  Concrete  and  reinforcing  bars  used  in  counterweights, 
and  concrete  in  pockets  of  column  bases  and  similar  places. 

In  computing  the  volume  of  the  concrete,  all  metal,  except  the  rein- 
forcing bars,  shall  be  excluded. 

1.  Timber  Deck  and  Track.  Placing  and  permanently  fastening  the 
timber  deck  and  track.  Unless  otherwise  specified  the  Company  will 
furnish  the  deck  and  track  material  and  fastenings  except  rail-locks, 
specially  fabricated  rails,  and  special  devices  to  hold  the  deck  in  place. 

m.  Timber  Walks.  Furnishing  and  placing  lumber  in  walks,  plat- 
forms, etc.,  together  with  nails,  bolts,  and  other  fastenings. 

n.  Balancing  Chains.  Chains  and  their  fastenings  used  for  balanc- 
ing the  counterweight  ropes. 

2.    General  Features  of  Design. 
Types. 

201.  Movable  bridges  preferably  shall  be  of  one  of  the  following 
types : 

a.  Swing  Bridges. 

b.  Single  Leaf  Bascule  Bridges. 

c.  Vertical  Lift  Bridges. 

The  type  to  be  used  will  be  determined  by  the  Engineer.  Pin  con- 
nected trusses  shall  not  be  used. 

Counterweight. 

202.  The  counterweight  shall  be  sufficient  to  balance  the  moving 
span  and  its  attachments  in  any  position.  In  vertical  lift  bridges,  the 
counterweight  ropes  shall  be  balanced  by  chains  unless  otherwise  speci- 
fied. 

Alining  and   Locking. 

203.  Movable  bridges  shall  be  equipped  with  proper  mechanism  to 
aline  them  accurately  and  lock  them  securely  in  position  so  that  they 
cannot  be  displaced  cither  horizontally  or  vertically  under  the  action  of 
traffic.  The  operating  mechanisms  of  end  lifts  of  swing  bridges  and 
rail  locks  shall  be  independent. 

Auxiliary  Power. 

204.  Bridges  equipped  with  mechanical  power  shall  be  provided  with 
auxiliary  power  which  shall  be  hand  or  mechanical,  as  determined  by 
the  Engineer. 

Interlocking. 

205.  The  bridge  operating  functions  shall  lie  interlocked  with  the 
signal   system   in   such  a   manner   that    none  of  the    Functions    for  opening 

the  bridge  can  be  performed  until  the  signals  have  been  set  at  stop 
indication,  and  that  the  signals  cannot  be  set  at  proceed  indication  until 
all  hi'  tin-  functions  f< >r  closing  the  bridge  have  been  performed. 
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The  bridge  operating  functions  shall  be  interlocked  with  each  other 
in  such  a  manner  that  they  must  be  performed  in  a  predetermined  order 
for  both  opening  and  closing  the  bridge. 

Insulation  of  Track. 

206.  The  connections  of  parts  in  contact  with  the  track  shall  be 
such  as  not  to  allow  short  circuiting  of  track  signals. 

Houses  for  Machinery  and   Operators. 

207.  If  mechanical  power  is  to  be  used  for  operating  the  bridge,  a 
suitable  house  shall  be  provided  for  the  machinery.  The  house  shall  be 
fireproof  and  weatherproof.  Except  for  the  doors  and  windows,  the 
material  of  the  house  shall  be  metal  and  concrete.  There  shall  be  at 
least  one  window  in  each  side  of  the  house.  The  machinery  shall  be 
supported  by  a  rigid  construction  of  metal. 

The  floor  shall  be  built  of  concrete.  It  shall  be  smoke  tight  and 
have  a  non-slip  surface. 

If  the  operator  is  not  located  in  the  machinery  house,  or  if  the 
bridge  is  hand  operated,  a  house  shall  be  provided  for  him.  The  style 
of  construction  shall  be  the  same  as  stipulated  for  the  machinery  house, 
except  that  for  hand  operation  when  the  house  is  located  off  the  bridge 
structure,  fully  fireproof  construction  will  not  be  required. 

Provision  shall  be  made  for  the  heating  apparatus  to  be  installed 
by  the  Company  in  the  operator's  house. 

If  stipulated,  a  5-ton  capacity  hand-operated  overhead  traveling  crane 
shall  be  installed  in  the  machinery  house. 

Stairways  and   Walks. 

208.  Metal  stairways,  platforms,  and  walks  with  railings  shall  be 
provided,  for  access  to  the  operator's  house,  machinery,  trunnions, 
counterweights,  lights,  bridge  seat-;,  and  similar  parts.  Ladders  may  be 
installed  only  where  stairways  are  not  feasible.  In  vertical  lift  bridges, 
ladders  and  walks  to  give  access  between  the  moving  span  in  any  position 
and  one  tower  shall  be  installed.  Hand  railings  shall  be  made  of  1T<  inch 
gas  pipe.     Stairways  and  ladders  shall  be  of  metal. 

Materials  Used. 

209.  Materials  shall  be  used  in  machinery  and  similar  parts  as 
follows : 

Rolled  Steel  or  Forged  Steel;  for  bolts,  nuts,  keys,  cotters,  pins 
axles,  shafts,  screws,  worms,  piston  rods,  trunnions,  and  crane  hooks. 

For  shafts  up  to  6  inches  in  diameter,  the  steel  may  be  cither  rolled 
or  forged;  for  shafts  larger  than  this,  it  shall  be  forged.  Shafts  larger 
than  3,'/2  inches  in  diameter  shall  not  be  cold  rolled. 

Forged  Steel  or  Cast  Steel;  for  levers,  cranks,  connecting  rods  and 
rollers. 

Forged  Steel;  for  pinions  and  equalizing  levers. 

Cast  Steel;  for  pivot  stands,  couplings,  wedges,  wedge  bearings, 
trailing    wheels,    end    shoes,    racks    tracks,    gear    wheels,    brake    wheels, 
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sheaves  on  lift  bridges,  trunnion  bearings,  and  shaft  bearings  and 
hangers.     Large  sheaves  may  be  built  of  structural  steel  and  cast  steel. 

Tool  Steel;  for  parts  which  requhe  hirdenii.g  or  oil  tempering,  such 
as  pivots,  friction  rollers,  ball  bearings,  and  springs. 

Phosphor-bronze ;  for  pivot  discs,  worm  wheels,  linings  of  the  trun- 
nion bearings  of  bascule  and  lift  bridges,  linings  of  other  large  bearings 
carrying  heavy  loads,  and  such  gears  and  nuts  as  are  required  to  be  of 
bronze. 

Phosphor-bronze,  Bronze,  or  Babbitt  Metal;  for  the  linings  of  journal 
bearings  and  of  other  rotating  or  sliding  parts. 

Cast  Iron  may  be  used  for  eccentrics,  cylinders,  pistons,  fly-wheels, 
certain  shaft  bearings  described  below,  journal  boxes,  and  parts  of 
motors  which  are  usually  made  of  cast  iron.  In  power  operated  bridges, 
the  permission  to  use  cast  iron  shaft  bearings  applies  only  to  line  shaft 
bearings  carrying  the  weight  of  the  shafting  only.  Cast  iron  shall  not 
be  used  for  couplings,  for  any  trunnion  support  of  a  bascule  or  lift 
bridge,  or  in  the  pivot  of  a  swing  bridge. 

The  balancing  chains,  which  are  hung  below  the  counterweights  in 
vertical   lift  bridges,  shall   be  made  of  cast  iron   links  connected  by  steel 
pins  in  cored  holes. 
Style  of  Center. 

210.  The  style  of  the  center  to  be  used  in  swing  bridges  will  be 
determined  by  the  Engineer. 

Center-bearing. 

211.  Center-bearing  swing  bridges  shall  be  designed  so  that  when 
the  bridge  is  swinging,  the  entire  weight  of  the  moving  span  is  carried 
on  a  center  pivot,  and  when  the  bridge  is  closed,  the  trusses  rest  at 
the  center  on  wedges. 

Rim-bearing. 

212.  The  load  of  a  rim-bearing  or  combined  rim-  and  center-bearing 
swing  bridge  coming  on  the  rim  girder  shall  be  distributed  equally  among 
the  bearing  points.  The  bearing  points  shall  be  equally  spaced  around 
the  rim. 

Combined   Bearing. 

213.  In  a  combined  rim-  and  center-bearing  swing  bridge,  a  definite 
portion  of  the  load,  not  less   than   15   per  cent.,   shall    be  carried  to  the 
center  by  radial  girders  attached  rigidly  to  the  center  and  to  the  rim. 
Shear   Over   Center. 

214.  In  swing  bridges  havi  truss-panel,  this  panel  ^hall 
be  designed  nol  to  carrj    shear  pasl  the  renter. 

3.     Details  oi   Design. 
Rail   End  Connections. 

301.    Designs    for    rail    end    connections    will    be    furnished    by    the 

icci      if  il nnection    ari    of  th<     tiding  rail  lock  type,  the  ends 

of  the  bridge  rails  shall  be  fixed,  cut  square,  and  connected  with  the 
approach  rails  by  sliding  sleev<  i  oi  joint  bars,  to  carry  the  wheels  ovei 
the  openings  between   the  rail  ends,     The  distance   from   the  cent< 
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the  track  to  the  inside  of  the  rail  lock  wheel  tread  shall  be  not  less 
than  2  feet  6  inches,  and  not  more  than  2  feet  bl/2  inches,  the  heads 
of  the  rails  being  planed  off  on  the  outside  if  necessary.  At  the 
counterweight  end  of  bascule  bridges,  the  sliding  locks  shall  be  on  the 
approach.  Sliding  rail  locks,  if  power  operated,  shall  have  not  less 
than  2J/2  horse  power  per  track  for  each  end  of  the  bridge. 

Rim  Girders. 

302.  Rim  girders  shall  be  provided  with  stiffeners  with  fillers  on 
both  sides  of  the  web  at  points  of  concentrated  loading.  These  stiffen- 
ers shall  fit  closely  against  both  flanges.  Intermediate  stiffeners  shall  be 
placed  at  distances  apart  not  exceeding  two  feet.  On  rim  girders  ex- 
ceeding five  feet  in  depth,  alternate  intermediate  stiffeners  may  extend 
only  half  the  depth  of  the  girder  unless  they  are  required  to  be  of  full 
depth  to  stiffen  the  web. 

Centering   and    Locking   Devices. 

303.  Bascule  and  vertical  lift  bridges  shall  be  provided  with  self- 
centering  and  seating  devices  at  the  free  end.  There  shall  be  a  locking 
device  for  each'  truss  to  force  down  and  hold  the  free  end. 

Air   Buffers. 

304.  Power  operated  bascule  and  vertical  lift  bridges  shall  be  pro- 
vided with  air  buffers;  for  single  track  bridges,  one  at  the  free  end  of 
bascules,  and  one  at  each  end  of  vertical  lifts.  For  multiple  track 
bridges,  twice  the  number  shall  be  used.  The  inside  diameter  of  the 
cylinder  shall  be  not  less  than  12  inches,  and  the  travel  of  the  piston 
not  less  than  24  inches.  There  shall  be  three  cast  iron  packing  rings 
for  each  piston. 

End  Lift. 

305.  The  end  lifting  apparatus  of  swing  bridges  shall  be  arranged 
to  center  the  bridge  accurately  when  closed.  The  end  lifting  apparatus 
and  center  wedges  shall  be  designed  so  that  the  action  of  the  moving 
load  cannot  cause  displacement  of  the  end  supports  and  wedges  in  case 
of  failure  or  disconnection  of  the  mechanism  which  actuates  the  end  lift. 

Counterweights. 

306.  Counterweights  shall  be  of  concrete  supported  by  a  steel  frame. 
They  shall  be  made  adjustable  so  that  the  variations  in  weight  of  the 
moving  span  may  easily  be  taken  care  of.  Usually  this  shall  be  done 
by  adding  or  taking  off  properly  located  cast  iron  or  concrete  blocks. 
Space  for  2J-4  per  cent,  under  and  5  per  cent,  above  the  calculated  weight 
shall  be  provided.  Movable  blocks  to  the  extent  of  2l/i  per  cent,  shall 
be  provided.  Unless  special  aggregate  is  used,  the  concrete  shall  be 
assumed  to  weigh  145  lbs.  a  cubic  foot. 

In  vertical  lift  bridges  the  counterweights  shall  clear  the  track  rails 
by  at  lea^t  3  feet  when  the  span  i<  fully  opened.  The  counterweight  ropes 
shall  be  assumed  to  stretch  one  per  cent,  of  their  figured  length. 
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307.  In  vertical  lift  bridges,  the  counterweights  shall  be  divided  into 
parts  so  that  each  part  will  be  hung  by  not  more  than  sixteen  ropes. 
The  ropes  of  each  group  shall  be  attached  to  the  part  by  an  equalizer. 

Pockets   in   Counterweights. 

308.  Pockets  in  counterweights  shall  be  provided  with  drain  holes 
not  less  than  six  inches  in  diameter.  The  pockets  shall  be  covered.  The 
cover,  its  fastenings  and  frame  shall  be  of  metal. 

Concrete. 

309.  Concrete  shall  be  composed  of  1  part  Portland  cement,  2j^ 
parts  sand,  and  5  parts  stone.  Otherwise  the  concrete  shall  conform  to 
the  specifications  of  the  Company.  In  counterweights,  steel  punchings  or 
scrap  metal  may  be  used  to  increase  the  weight.  For  ascertaining  the 
weight  of  the  concrete,  test  blocks  having  a  volume  of  three  cubic  feet 
shall  be  cast  from  time  to  time  as  the  concreting  proceeds.  Concrete 
counterweights  exposed  to  the  weather  shall  be  covered  with  a  water- 
proof coating. 

Diameter   of   Sheaves. 

310.  For  counterweight  ropes,  the  diameter  of  the  sheave  shall  be 
at  least  80  times  the  diameter  of  the  rope;  90  times  is  preferable.  For 
operating  ropes,  the  diameter  of  the  drum  shall  be  at  least  45  times  the 
diameter  of  the  rope ;  50  times  is  preferable. 

Disc  Bearings. 

311.  Center-bearing  bridges  shall  revolve  on  disc  bearings.  Disc 
bearings  shall  consist  of  three  discs,  one  of  phosphor-bronze  between  two 
of  hardened  steel. 

Center  Pivots. 

312.  Center  pivots  shall  be  designed  so  that  the  discs  may  be  taken 
out  and  replaced  when  the  bridge  is  closed  without  interfering  with  the 
operation  of  trains  over  the  bridge.  The  hardened  steel  discs  shall  be 
provided  with  effective  means  to  prevent  sliding  except  on  the  surfaces 
of  the  bronze  disc. 

Balance   Wheels. 

313.  Wheels,  no  fewer  than  eight,  running  on  a  circular  track,  shall 
be  provided  to  limit  the  tilting  of  center  bearing  bridges  and  to  earn 
the  wind  pressure  to  the  track  while  the  bridge  is  swinging.  The  wheels 
shall  be  adjustable  in  height. 

Wheels  shall  be  fastened  to  their  axles  by  keys. 

Rack  and  Track. 

314.  Tiic  height  of  the  track  of  swing  b  11  be  not  less  than 
two-thirds  of  the  width  of  the  roller  tread.  The  track  segments  shall  be 
alike,  and   each   aboui     i\    feel    long      They   •-hall  be  anchored   to  the 

i. iv  with  bolts   n"i   less  than   I]  ■   inches  in  diameter  and   15  inches 
long,  set  in  Portland  cemerrl  grout  12  inches  in  the  masonry,    Th< 
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ii  the  bolt  and  the  metal  of  the  track  shall  be  filled  with  molten 
type  metal.  Washers  shall  be  provided  under  the  nuts.  The  track  shall 
be-connected  to  the  center  by  no  fewer  than  eight   radial  struts. 

The   rack   shall   be   fastened   to   the   track   so   that   the   parts   may   be 
easily  removed,  except  that  in  center  bearing  bridges  the  rack  and  track 
may  be  cast  in  one  piece.     The  rack  segments  shall  be  alike  and  about 
6  feet  long. 
Segmental  Girders  and  Track  Girders. 

315.  The  flanges  of  the  segmental  girders  and  the  track  girders  of 
rolling  bridges  shall  be  symmetrical  about  the  central  planes  of  the  webs. 
The  central  planes  of  the  webs  of  the  segmental  girders  shall  coincide 
with  the  corresponding  central  planes  of  the  webs  of  the  track  girders. 
That  part  of  the  outstanding  leg  of  a  flange  angle  which  is  beyond  the 
outside  face  of  the  vertical  leg  shall  not  be  considered  as  hearing  area. 
The  width  of  contact  between  the  segmental  girder  and  the  back  of  the 
tread  plates  shall  be  equal  to  the  corresponding  width  of  contact  in  the 
track  girder.  In  bascule  spans  having  a  rolling  load  of  1,500,000  lbs.  or 
more,  the  treads  shall  be  solid  steel  castings,  not  less  than  12  inches  deep, 
securely   fastened  to  the  girders. 

Rollers  with  a  full  circumference  shall  be  rolled,  forged,  or  cast 
into  one  solid  piece. 

Machinery    Design. 

316.  The  machinery  shall  be  simple  in  design,  and  easily  erected, 
inspected,  adjusted,  and  taken  apart.  The  fastenings  shall  be  adequate 
to  hold  the  parts  in  place  under  all  conditions  of  service.  Preferably 
the  machinery  shall  be  mounted  on  a  solid  cast  frame  or  base. 

Location   of   Machinery. 

317.  The  location  of  the  machinery  shall  be  such  as  to  allow  con- 
venient access  and  room  for  ample  proportions  of  supporting  parts.  In 
bascide  bridges,  the  machinery  preferably  shall  be  on  the  stationary  part. 

Bearings. 

318.  Bearings  shall  be  placed  close  to  the  points  of  loading.  The 
bearings  for  mating  beveled  gears  shall  be  made  in  one  solid  piece.  The 
length  of  a  bearing  shall  not  be  less  than  the  diameter  of  the  journal. 
(613) 

319.  Journal  bearings  shall  be  of  the  divided  type.  The  cap  shall 
be  recessed  into  the  base.  The  cap  shall  be  fastened  to  the  base  by 
turned  bolts  recessed  into  the  base;  cap  screws  for  this  fastening  will 
not  be  accepted.  Nuts  shall  be  hexagonal.  Check  nuts  shall  be  pro- 
vided. The  holes  in  the  supports  shall  be  %  inch  smaller  than  the  bolt, 
for  subsequent  reaming.  The  nuts  of  bolts  shall  bear  on  finished  bosses 
cast  on   the  bearing.     The  bearings  shall  be  designed  to  facilitate  clean- 

mtlets  being  provided  for  flushing. 
Linings. 

320.  Bearings  for  main  pinion  shafts  and  for  shafts  carrying  heavy 
loads  shall  have  phosphor-bronze  linings;    for  other  cast    steel  bearings, 
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the  lining  may  be  oi  bronze  or  babbitt  metal.  The  lining  shall  be  pro- 
vided with  an  effective  device  to  prevent  rotating.  The  force  tending  to 
cause  rotation  shall  be  taken  as  one-eighth  of  the  load  on  the  trunnion 
or  bearing  and  as  acting  at  the  outer  circumference  of  the  lining. 
There  shall  be  %  inch  clearance  between  the  lining  of  the  cap  and  the 
lining  of  the  base.  The  inside  longitudinal  corners  of  the  lining  shall 
be  rounded  except  for  a  distance  of  Vj>  inch  from  each  end.  Cast  iron 
bearings  need  not  be  lined. 

Main   Pinion   Shaft  Bearings. 

321.  In  swing  bridges,  the  brackets  supporting  the  shaft  bearings 
of  the  pinion  which  gears  into  the  rack  shall  be  in  one  piece  so  that 
the  bearings  may  be  bored  in  line  and  to  prevent  their  getting  out  of 
adjustment.  The  bearings  shall  be  provided  with  caps,  so  that  the  pinion 
shaft  may  be  taken  out  without  removing  the  bracket.  An  effective 
device  shall  be  provided  to  prevent  the  pinion  from  moving  lengthwise 
on  the  shaft.  The  strength  and  fastenings  of  the  bracket  shall  be  such 
as  to  take  care  of  the  one-sided  action  of  the  pinion. 

Lubrication. 

322.  Provision  shall  be  made  for  the  effective  lubrication  of  jour- 
nals, pivots,  and  other  sliding  surfaces.  Lubricating  devices  shall  be 
easily  accessible.  Screw  compression  tell-tale  grease  cups  shall  be  pro- 
vided for  journal  bearings.  If  not  accessible,  the  cups  shall  be  con- 
nected with  pipes.  Grease  ducts  shall  be  located  so  that  the  lubricant 
will  tend  to  flow  by  gravity  toward  the  bearing  surface.  Grooves  shall 
be  provided  wherever  necessary  for  the  proper  distribution  of  the 
lubricant. 

The  grooves  for  large  trunnion  bearings  shall  be  cut  in  the  trun- 
nion. They  shall  be  straight,  parallel  with  the  axis  of  the  trunnion,  and 
no  I'uir  than  three.  They  shall  be  located  so  that  the  entire  bearing 
surface  of  the  lining  will  be  swept  by  the  lubricant  in  one  movement  of 
opening  or  closing  the  bridge.  The  bottom  of  the  groove  shall  be 
rounded  and  the  corners  rounded  to  a  J/\  inch  radius.  The  size  shall 
be  such  that  a  ,",.  inch  wire  will  lie  wholly  within  the  groove.  The 
grooves   shall   be   accessible    for   cleaning   with   a   wire. 

Covers. 

323.  Dust  Covers  shall  Be  provided  wherever  unr-sirv  to  protect 
the  sliding  and  rotating  surfaces  and  prevent  dust  from  mixing  with  the 
lulu  icant. 

[f  gears  are  located  when  falling  objects  may  foul  them,  they  shall 
be  protected  bj   easily  removable  metal  covi 

Counterweigh!     heave   rims   shall   be  covered   to  protect   them    from 
tin-  weather. 
Shafts. 

i      loi     halts  supporting  their  own  weight  only,  the  unsupported 

It  of  the  shaft  shall  not  exceed  I  80  v'  d*  in  which:  1  length  of 
shaft  between  bearing    in  inch*    :  d^diametei  of  shait  in  inches. 
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Line  shafts  connecting  the  machinery  at  the  center  of  the  bridge 
with  that  at  the  ends  shall  be  designed  to  run  at  fairly  rygh  speed,  the 
speed  reduction  being  made  in  the  machinery  at  the  end. 

Shafts  transmitting  power  for  the  operation  of  the  bridge,  and  shafts 
four  feet  or  more  in  length  forming  part  of  the  operating  machinery 
of  rail  locks  and  bridge  locks,  shall  not  be  less  than  2j^  inches  in 
diameter. 

Journals  on  cold  rolled  shafting  shall  not  be  turned  down. 
Collars. 

325.  Collars  shall  be  used  wherever  necessary  to  prevent  the  shaft 
from  moving  lengthwise.  There  shall  be  at  least  two  set  screws,  at  an 
angle  of  120  degrees,  in  each  collar.  If  a  shaft,  trunnion,  or  axle 
receives  a  longitudinal  force,  there  shall  be  a  thrust  bearing  to  prevent 
longitudinal  movement. 

Longitudinal    Thrust. 

326.  Wheels  and  similar  parts  shall  be  securely  fastened,  to  prevent 
longitudinal  movement,  by  set  screws  through  the  hub  or  by  clamps 
around  the  shaft.  The  hubs  of  beveled  gear  wheels  shall  bear  against 
the  shaft  bearing.  In  any  case,  provision  shall  be  made  for  any  force 
tending  to  move  the  wheel  along  the  shaft  or  axle. 

Foot   Step   Bearings. 

327.  The  lower  ends  of  vertical  shafts  running  in  foot  step  bear- 
ings shall  be  of  tool  steel  and  shall  run  on  bronze  discs. 

Shaft   Couplings. 

328.  Shafting  liable  to  be  thrown  out  of  line  by  reason  of  the  de- 
flection of  the  supporting  structure  shall  be  made  in  non-continuous 
lengths  connected  by  claw  couplings.  These  couplings  shall  be  fitted 
together  accurately  but  with  allowance  for  a  slight  angular  motion  with- 
out bending  the  shaft.  Each  length  of  shafting  of  this  kind  shall  rest 
in  not  more  than  two  bearings.  The  couplings  shall  be  close  to  the 
bearings. 

Couplings   in    shafting   other    than    the    abovementioned   shall   be    of 
the  flanged  or  the   split  muff  type.     The  bolt  heads  and  nuts  shall  be 
seated  in  recesses  or  be  protected  by  flanges.     The  couplings  shall   be 
cylindrical.    They  shall  be  keyed  to  the  shaft. 
Gear  Teeth. 

329.  Gear  teeth  shall  be  of  the  involute  type.  The  angle  of  ob- 
liquity shall  be  20  degrees.  The  radial  height  of  the  tooth  above  the 
pitch  line  shall  not  exceed  0.32  of  the  circular  pitch. 

The  width  of  face  of  a  spur  tooth  shall  not  be  less  than  \J/2  times 
the  circular  pitch.  For  pitch  circle  speeds  not  exceeding  600  feet  per 
minute,  the  width  shall  not  be  more  than  three  times  the  circular  pitch. 
The  width  of  face  of  a  bevel  tooth  shall  not  exceed  one-third  of  the 
slant  height  of  the  pitch  cone,  or  three  times  the  pitch  at  the  middle 
section. 
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The  circular  pitch  of  gear  wheels  (other  than  motor  pinions)  trans- 
mitting power  for  moving  the  span  shall  not  be  less  than  one  and  one- 
fourth  inches.  For  the  pinion  engaging  the  operating  rack,  the  pitch 
shall  not  be  less  than  two  inches. 

Strength  of  Gear  Teeth. 

330.  The  strength  of  cut  gear  teeth  shall  conform  to  the  following 
formula,  one  tooth  taking  the  whole  pressure. 

W  =  2s,f  (0.154-0-2L2)   (      «») 
n  600  -(-  V 

W  =  the  pressure  on  the  tooth  in  pounds. 
s  =  permissible  unit  stress  =  16000  lbs.  for  steel, 

=    9000  lbs.  for  bronze. 
f  =  width  of  face  of  tooth  in  inches, 
t  =  thickness  of  tooth  measured  on  pitch  circle. 
V  =  velocity  of  pitch  circle  in  feet  a  minute, 
n  =  the  number  of  teeth  in  the  gear. 
The   strength   of   machine  molded   teeth   shall   conform  to   the   fore- 
going formula  taking  s  =  14000. 

The  foregoing  formula  shall  apply  to  worm  wheels  assuming  W 
equally  divided  between  two  teeth. 

In  estimating  the  strength  of  teeth  in  bevel  wheels,  the  middle  sec- 
tion shall  be  taken. 

The  strength  of  shrouded  teeth  shall  be  computed  as  for  uncut  teeth. 

Teeth  to  Be  Cut. 

331.  The  teeth  of  wheels  transmitting  power  for  the  operation  of 
the  bridge,  bevel  wheels,  and  wheels  in  the  gearing  of  any  motor,  shall 
be  machine  cut.      (517) 

Equalizing  Devices. 

332.  In  truss  swing  bridges,  there  shall  be  at  least  two  pinions  on 
the  rack.  The  shafts  of  these  pinions  shall  be  connected  by  a  device 
which  will  equalize  the  turning  forces  at  the  pinions. 

There  shall  be  devices  on  bascule  and  vertical  lift  bridges  to 
equalize  the  action  between  the  pinions  and  the  operating  racks. 

Worm    and    Screw   Gearing. 

333.  In    worm    and    wluel    gearing    and    screw    gearing    Eor    trans 
milting  power,  the  angle  of  thread  shall  b<   nol  less  than  ->n  The 
worm  shall  mn  in  oil.    There   -hall  he  a  bronze  or  brass  collar  at  tin 
ends    of    the    screw    in    si                   ring    and    on    the    worm    wheel    axle    in 
\V'ii  in     "Mm      to    take    the    end    thrust.      The    wheel    in    worm   gearing    and 

ihe  nut  in  ..  i  <w  gearing  h.dl  be  of  bronze  Screws  shall  have  square 
threads  Worm  wheels  shall  bavi  no  fewer  than  30  teeth  Worm  and 
wheel  mall  he  enclosed  in  .>  cast   iron  casing.     The  worm   (hall 

be    below    tin-    wheel. 
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Except    for   end    lifts   of    swing   bridges,    worm    and    screw    gearing 
preferably  shall  not  be  used   for  transmitting  power.     Cams  and  similar 
mechanisms    transmitting   power   by   line   or   point    contact    shall    not    be 
used. 
Springs. 

334.  Springs  preferably  shall  not  be  used  to  actuate  any  moving 
part.  For  electrical  parts,  preference  will  be  given  to  those  having  the 
fewest  springs. 

Keys  and    Keyways. 

335.  Keys  for  keying  machinery  parts  to  shafts  shall  be  hooked 
and  tapered  if  practicable.  If  tapered  keys  are  not  practicable,  they 
may  be  parallel  faced.  The  keys  shall  be  sunk  in  grooves  in  both  hub 
and  shaft. 

The  taper  of  the  key  shall  be  %  inch  per  foot.  The  width  shall 
be  one-fourth  of  the  diameter  of  the  shaft.  The  height  at  the  middle 
of  the  tapered  length  shall  be  three-fourths  of  the  width.  The  length 
of  the  hook,  measured  parallel  with  the  shaft,  shall  be  equal  to  the 
width  of  the  key.  The  foregoing  dimensions  are  approximate;  the  shape 
of  the  key  and  the  depth  of  the  groove  shall  be  such  that  the  allowed 
unit  stresses  in  shear  and  bearing  will  not  be  exceeded. 

The  length  of  the  tapered  part  of  the  key  shall  be  not  less  than  that 
(if  the  hub  plus  one- fourth  of  the  diameter  of  the  shaft. 

Saddle  Keys. 

336.  If  a  loose  fit  of  the  hub  is  specified,  there  shall  be  a  saddle 
key  at  an  angle  of  120  degrees  from  the  sunk  key.  The  width  of  the 
saddle  key  shall  be  one-fourth  of  the  diameter  of  the  shaft.  Its  height, 
measured  on  the  center  line  of  the  cross  section,  shall  be  one-twelfth 
of  the  diameter  of  the  shaft.  The  length  of  the  saddle  key  shall  be  one 
and  one-fourth  times  the  length  of  the  hub.  The  curved  surface  shall 
fit  the  shaft.  The  key  shall  be  contained  in  a  groove  of  the  hub  only, 
of  such  depth  that  there  will  lie  a  tight  fit  between  hub  and  shaft  when 
the  sunk  key  is  driven  home. 

Capacity   of    Keys. 

337.  The  foregoing  requirements  for  keys  and  keyways  are  for  ma- 
chinery parts  whose  use  is  intended  to  develop  the  full  torsional  strength 
of  the  shaft.  For  minor  parts,  the  keys  and  keyways  shall  be  propor- 
tioned for  that  size  of  shaft  whose  torsional  strength  would  be  de- 
veloped by  such  parts. 

For  trunnions  and  similar  parts  which  are  designed  chiefly  for  bend- 
ing and  bearing,  the  keys  and  keyways  shall  be  proportioned  simply  to 
hold  the  trunnion  from  rotating.  The  force  tending  to  cause  rotation 
shall  be  taken  as  one-fifth  of  the  load  on  the  trunnion,  and  as  acting  at 
the  circumference  of  the   trunnion. 
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Fastening   Keys. 

33$.  Keys  shall  be  held  by  safety  set  screws  or  other  effective  means. 
In  vertical  shafts,  bands  clamped  about  the  shaft,  or  other  devices,  shall 
be  placed  below  the  key. 

If  practicable,  the  keys  and  grooves  shall  be  made  so  that  the  keys 
may  be  backed  out. 

If  two  keys  arc  used,  they  shall  be  placed  at  an  angle  of  120  degrees. 

Hubs. 

339.  If  practicable,  the  length  of  the  hub  shall  be  not  less  than 
twice  the  diameter  of  the  shaft,  and  its  thickness  not  less  than  two- 
fifths  of  the  diameter  of  the  shaft. 

The  fit  of  the  hub  on  the  shaft  shall  be  a  light  driving  fit,  unless 
otherwise  specified. 

The  groove  in  the  hub  shall  be  on  the  center  line  of  an  arm. 

Bolts  and   Nuts. 

340.  Bolt  heads  and  nuts  shall  bear  on  seats  at  right  angles  with 
the  bolts.  On  castings,  except  where  recessed,  such  seats  shall  be 
bosses.     Bolt  heads  which  are  recessed  in  castings  shall  be  square. 

Nuts  which  arc  subject  to  vibration  and  frequent  changes  of  load 
shall  be  secured  by  effective  locks.  If  double  nuts  are  used,  each  nut 
shall  be  of  the  standard  thickness. 

Set  Screws. 

341.  Set  screws  shall  not  be  used  for  transmitting  torsion  to  shafts 
or  axles.    They  may  be  used  for  holding  keys  or  light  parts  in  place. 

Tap  and  Stud  Bolts. 

342.  Tap  bolts  and  stud  holts  shall  not  be  used  except  by  special 
permission  of  the  Engineer. 

Operating   Ropes. 

343.  For  operating   ropes,  there  shall  be  at  least   two   full   circum- 
ntial  turns  of  the  rope  on  the  drum  when  the  -pan   is  in  the   fully 

open  or  fully  closed  position.  If  practicable,  the  number  of  turns  shall 
be  sufficienl  to  develop  the  ultimate  strength  of  the  rope  by  friction,  the 
friction  being  taken  as  0.20  The  rop<  shall  be  attached 
to  lb,  drum  so  as  to  avoid  sharp  binds  in  the  wires.  There  shall  be  a 
turnbucklc  or  other  device  for  taking  up  slack  in  the  rope. 

Counterweight   Ropes. 

344.  The  deviation  oi   counterweight   ropes   Erom  the  vertical 

l„.  as  small  as  practicable.     The  deviation   Erom  tin-  plane  through  tin 
center  of  th<  hall  nol  exce<  d  l   in  40. 
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Rope  connections  shall  be  made  so  that  any  rope  may  be  renewed 
without  disturbing  the  remaining  ropes. 

Safety  Guards. 

345.  Safety  guards  for  the  protection  of  persons  shall  be  installed 
All  local  safety  regulations  shall  be  observed. 

Built  Sheaves. 

346.  In  built  sheaves,  there  shall  be  enough  rivets  connecting  the 
flanges  of  the  cast  rim  with  the  web  to  carry  into  the  web  all  of  the 
load  coming  on  the  rim.  The  rim  shall  be  strengthened  by  transverse 
ribs,  or  shall  be  thick  enough  to  carry  the  load. 

Drainage   Holes. 

347.  At  places  where  water  is  likely  to  collect,  there  shall  be 
drainage  holes  not  less  than  one  inch  in  diameter. 

Equalizing    Levers. 

348.  The  net  section  back  of  the  pin  hole  in  equalizing  levers  shall 
be  equal  to  the  net  section  which  would  be  required  in  tension  to  carry 
the  load  on  the  pin. 

4.    Wire  Ropes  and  Attachments. 
Manufacturer. 

401.  Wire  rope  shall  be  made  by  a  manufacturer  whose  facilities 
and  reputation  are  approved  by  the  Engineer. 

Laying. 

402.  Ropes  shall  be  laid  up  in  the  best  manner.  They  shall  be 
soaked  thoroughly  in  an  approved  lubricant  during  the  process  of  manu- 
facture. 

Splices. 

403.  Ropes  shall  not  be  spliced. 

Wire  Ropes. 

404.  The  diameter  of  counterweight  ropes  shall  not  be  less  than 
one  inch,  nor  more  than  two  and  one-half  inches ;  for  operating  ropes 
not  less  than  three-quarters  of  an  inch. 

The  ropes  shall  be  made  of  plow  steel  and  consist  of  6  strands  of  19 
wires  each  laid  around  a  hemp  center. 

Sockets. 

405.  Sockets  shall  be  forged  without  welds  from  solid  steel.  Tlu 
dimensions  of  sockets  shall  be  such  that  no  part  under  tension  will  be 
stressed  higher  than  65,000  lbs.  per  square  inch  when  the  rope  is  stressed 
to  its  specified  ultimate  strength.  The  sockets  shall  be  attached  to  the 
rope  by  a  method  which  is  reliable  and  which  will  not  permit  the  rope 
to  slip  in  its  attachment  to  the  socket. 

Wire — Physical   Properties. 

406.  The  wire  from  which  counterweight  ropes  arc   made  shall   be 
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tested  in  the  presence  of  an  Inspector  designated  by  the  Engineer.     It 
shall  show  the  following  physical  properties : 

(a)  A  tensile  strength  of  not  less  than  225,000  lbs.  per  square  inch. 

(b)  A  total  elongation,  measured  on  a  piece  12  inches  long,  of  not 
less  than  2.4  per  cent. 

(c)  The  number  of  times  a  piece  6  inches  long  can  be  twisted 
around  its  longitudinal  axis  without  rupture  shall  be  not  less  than  1.4 
divided  by  the  diameter  in  inches. 

(d)  The  number  of  times  the  wire  can  be  bent  90  degrees  alter- 
nately in  opposite  directions  over  a  jaw  the  radius  of  which  is  equal  to 
twice  the  diameter  of  the  wire  without  fracture  shall  not  be  less  than 
six.  This  test  shall  be  made  in  a  mechanical  bender  so  constructed  that 
the  wire  actually  conforms  to  the  radius  of  the  jaws  and  is  subjected  to 
little  tensile  stress. 

Ultimate   Strength. 

407.  In  order  to  show  the  strength  of  the  rope  and  fastenings,  a 
number  of  test  pieces  not  more  than  twelve  feet  long,  with  sockets, 
selected  at  random  from  those  which  are  to  be  used  in  filling  the  order, 
attached  to  each  end  shall  be  stressed  to  destruction  in  a  suitable  testing 
machine.  The  number  of  test  pieces  shall  not  be  more  than  ten  per  cent. 
of  the  total  number  of  finished  lengths  of  rope  to  be  made,  nor  less 
than  two  from  each  original  length.  Under  this  test,  the  rope  shall 
develop  the  ultimate  strength  given  in  the  table  below. 

Ultimate  Strength  in  Pounds. 


6  x  ig  Plow  Steel  Rope. 

Diameter  of 

Area  of 

Ultimate  Strength 

Rope 

Section 

Lbs.  per 

in  inches. 

■4D2 

sq.  in.            Total. 

Va 

.025 

208,000             5,000 

H 

.056 

204,500            11,000 

V* 

.100 

201,200           20,000 

N 

.156 

198,100           31,000 

54 

.225 

195,200           44,000 

% 

.306 

192,500            59,000 

1 

.400 

190,000           76,000 

\% 

.506 

187,700           95,000 

m 

.625 

185,600         116,000 

m 

.756 

183,700          139,000 

VA 

.900 

182,000          164,000 

m 

1.056 

180,500          101,000 

m 

1.225 

179,200          220,000 

1.406 

178,100 

2 

1.600 

177,200 

2J4 

2.025 

176.000         356,000 

2/, 

2. 5(H) 

175,600          139,000 
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Rejection. 

408.  If  the  physical  qualities  of  the  rope  or  of  its  individual  wires 
fall  below  those  specified,  the  entire  length  from  which  the  test  pieces 
were  taken  shall  be  replaced  by  the  manufacturer  with  a  new  length, 
the  physical  qualities  of  which  come  up  to  those  specified. 

Testing    Sockets. 

409.  If  in  testing,  slipping  in  the  sockets  should  occur,  the  method 
of  fastening  the  sockets  shall  be  changed  until  slipping  is.  avoided.  The 
sockets  shall  be  stronger  than  the  rope  to  which  they  are  attached.  If 
a  socket  should  break  during  the  test,  two  others  shall  be  selected  and 
attached  to  another  piece  of  rope  and  the  test  repeated.  This  process 
shall  be  continued  until  the  Inspector  is  satisfied  of  the  reliability  of  the 
sockets.  If  the  Inspector  is  so  satisfied,  the  lot  shall  be  accepted.  If, 
however,  10  per  cent,  or  more  of  the  sockets  tested  break  at  a  load  less 
than  the  specified  minimum  ultimate  strength  of  the  rope,  the  lot  shall 
be  rejected. 

Test  of  Finished  Ropes. 

410.  The  Engineer  reserves  the  right  to  test  one-fourth  of  the 
finished  ropes,  including  fastenings  and  sockets  up  to  twice  the  working 
load.  If  any  defects  are  found,  the  test  may  be  repeated  at  the  option 
of  the  Engineer  up  to  the  full  number  of  ropes.  '  Defective  parts  shall 
be  rejected  and  replaced. 

Facilities  for  Testing. 

411.  The  manufacturer  shall  provide  proper  facilities  for  making  the 
tests,  and  shall  make,  at  his  own  expense,  the  tests  required.  Tests 
shall  be  made  in  the  presence  of  an  Inspector  representing  the  En- 
gineer. 

Length. 

412.  The  length  of  each  rope  shall  be  measured  while  the  rope  is 
supported  throughout  its  length  in  a  straight  line  and  under  a  tension 
of  4  per  cent,  of  its  ultimate  strength.  A  variation  from  the  required 
length  at  the  rate  of  not  more  than  one-quarter  of  an  inch  in  100  ft.  of 
length  will  be  allowed. 

Coils. 

413.  Ropes  shall  be  shipped  in  coils.  The  diameter  of  the  coil 
shall  be  at  least  thirty  times  that  of  the  rope.  Ropes  shall  be  uncoiled 
for  use  by  revolving  the  coil;  not  by  pulling  the  rope  away  from  the 
stationary  coil. 

Equalizing   Levers. 

414.  The  equalizing  levers  and  their  pins  over  4  inches  in  diameter 
shall  be  of  forged  steel.  Pins  4  inches  or  less  in  diameter  shall  be 
made  of  either  rolled  steel  or  Forged  steel. 
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5.    Workmanship. 
Planing   Girders. 

501.  In  built  track  girders  and  segmental  girders  of  rolling  bascule 
bridges,  and  in  the  lower  flanges  of  the  drums  of  rim-hearing  swing 
bridges,  the  edges  of  the  webs,  side  plates,  and  angles  shall  he  planed 
so  that  a  full  hearing  on  the  track  plate  will  he  secured. 

»■ 

Rack  and  Track. 

502.  Track  segments  shall  he  planed  on  the  top  and  bottom  and  at 
the  joints.  Surfaces  on  which  conical  rollers  hear  shall  he  planed  to  the 
true  bevel.     The  center  line  shall  be  scribed  plainly  on  the  surface. 

The  toothed  segments  forming  the  rack  shall  be  fitted  accurately. 
Particular  care  shall  he  taken  to  have  the  pitch  of  the  teeth  at  the  joints 
accurate.  Both  the  periphery  and  the  ends  of  rack  teeth  which  mesh 
with  a  shrouded  pinion  shall  be  planed.  The  pitch  line  shall  be  scribed 
on  the  ends  of  the  teeth. 

In  swing  bridges,  the  rack  segments  shall  be  fitted  to  those  of  the 
track  so  that  the  center  line  of  the  track  will  be  concentric  with  the 
pitch  line  of  the  rack. 

The  hacks  of  racks  which  bear  on  metal  surfaces  and  the  surfaces 
in  contact  with  them  shall  he  planed. 

Tread    Plates. 

503.  I"  rolling  bridges,  the  top  and  bottom  surface-  of  the  tread 
plates   and   the   surfaces   in   contact   shall   be  planed. 

Rollers. 

504.  Rollers  shall  be  turned  at  the  circumference  and  at  the  faces 
of  the  rim,  the  corners  shall  be  chamfered,  and  the  center  line  of  the 
roller  shall  be  marked  on  the  circumference.  The  hubs  shall  be  bond 
and    faced   accurately   at   each   end. 

Pivots.  m 

505.  Pivot  elands  and  center  castings  of  swing  bridges  shall  be 
finished    and    fitted    accurately.      The    base    shall    be     laced    truly    at    right 

angles  with  the  axis  and  shall  be  turned  on  the  circumference  concentric 
with  the  axis. 

Discs. 

506.  Steel  discs  shall  be  of  tool  steel.  They  shall  be  titled  accur- 
ately) finished  to  gage,  and  oil  tempered.  After  hardening,  the}  shall 
be  ground  accurately  to  the  final  finish  Tin  sliding  surfaces  of  steel 
and    phosphor-bronze    disc-    shall    he    polished.      Disc    centers    shall    be 

assembled,    fitted    accurately   ami    match  marked. 

Assembling   Centers. 

507     The   complete   centers   ,,f   s\\ii  .,   including    rack,   track 

segments,    and    rollers,    shall    be    assembled    in    the    shop,    alined,    fitted, 
drilled,  and  the  parts  mat.  b  marked 


[RON    A XD    STEEL    STRUCTURES. 

Fillets. 

508.  Shafts,  trunnion?,  and  axles  shall  ho  made  with  fillets  where 
abrupt  changes  in  section  occur. 

Journals. 

509.  Journals,  trunnions,  and  linings  shall  be  polished  after  being 
turned.  Journals  of  shafts  which  are  not  cold  rolled  shall  be  turned" 
with  a  fdleted  collar  at  each  end.     (324) 

In  journals  more  than  eight  inches  in  diameter,  there  shall  be  a 
\l/z  inch  hole  bored  longitudinally  through  the  center. 

Couplings. 

510.  The  faces  of  flange  and  split  muff  couplings  shall  be  planed 
to  fit. 

Hubs. 

511.  The  hubs  of  wheels,  pulleys,  couplings,  etc.,  shall  be  bored  to 
a  close  fit  on  the  shaft  or  axle.  If  the  hub  performs  the  function  of  a 
collar,  the  end  next  to  the  bearing  shall  be  faced.  Hubs  shall  be  bored 
truly  at  the  center  of  the  wheel. 

Linings. 

512.  Bearings  shall  be  bored  for  the  journal  and  finished  smoothly 
after  the  lining  has  been  put  in.  The  bearing  shall  be  bored  1/50  inch 
larger  than  the  diameter  of  the  Journal.  Bearings  for  rack  pinion  shafts 
shall  be  bolted  to  the  bracket  supporting  them  and  bored  while  so 
fastened,  so  as  to  insure  a  perfect  alincment.  The  edges  of  oil  grooves 
and  the  edges  of  linings  shall  be  rounded. 

Bronze  linings  shall  be  turned  on  the  outside  to  fit  the  bored  hole  in 
the  bearing. 

Babbitt  metal  shall  be  poured  in  the  bearings  around  a  mandrel  % 
inch  smaller  in  diameter  than  the  journal.  The  mandrel  shall  be  placed 
so  that  the  thickness  of  the  lining  after  boring  will  be  uniform. 

Bearings. 

513.  The  rubbing  and  bearing  surfaces  and  the  joints  between  cap 
and  base  of  bearings  shall  be  finished.  The  holes  in  cap  and  base  shall  be 
drilled.  The  holes  in  the  bearings  for  fastening  them  to  their  supports 
shall  be  drilled  is  inch  larger  than  the  bolts.  The  holes  in  the  supports 
•-hall  be  reamed  to  fit  after  the  bearings  have  been  adjusted. 

Gear  Wheels. 

514.  The  periphery  of  gear  wheels  shall  be  turned.  The  pitch  circle 
shall  be  scribed  on  both  ends  of  the  teeth. 

Bevel  Gears. 

515  The  teeth  of  bevel  gears  shall  be  cut  by  a  planer  having  a 
rectilinear  motion  in  lines  through  the  apex  of  the  cone.  Rotating  mill- 
ing cutters  shall  not  be  used  for  making  bevel  gears. 
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Shrouded   Pinions. 

516.  At  the  junction  of  the  shrouding  and  teeth,  cleaning,  chipping, 
or  other  means  shall  be  used  to  insure  the  meshing  of  the  pinion  teeth 
and  rack  teeth. 

Machine  Molding. 

517.  Uncut  teeth  shall  be  machine  molded.     (331) 

Worms  and  Worm  Wheels. 

518.  Threads  on  worms  shall  be  cut,  and  the  teeth  of  worm  wheels 
shall  fit  the  Avorm  accurately  with  line  contact. 

Keys  and   Keyways. 

5.19.  A  special  effort  to  secure  good  workmanship  on  keys  and 
keyways  shall  be  made.  Keys  shall  be  planed  and  keyways  machine  cut. 
The  finish  of  the  keyways  and  key  shall  be  such  as  to  give  the  key  a 
full  bearing  on  bottom  and  sides  with  a  driving  fit  on  the  sides.  If 
practicable,  the  groove  in  the  shaft  shall  be  made  long  enough  to  allow 
the  key  to  be  inserted  without  moving  the  hub  sidewise  and  long  enough 
to  extend  beyond  the  point  of  the  key,  after  the  key  is  firmly  seated,  a 
distance  not  less  than  three-eighths  of  the  diameter  of  the  shaft.  The 
clear  distance  between  hub  and  hook  of  key  shall  not  be  less  than  one- 
fourth  of  the  diameter  of  the  shaft.  Tapered  keys  shall  bear  on  top, 
bottom  and  sides ;  parallel  faced  keys  on  sides  only. 

Castings. 

520.  Castings  shall  be  cleaned  and  fins  and  other  irregularities  re- 
moved.    Bosses  shall  be  finished  to  the  correct  plane.     (340) 

Castings  which  are  to  be  attached  to  unfinished  surfaces  shall  In- 
provided  with  chipping  strips.  The  outer  unfinished  edges  of  ribs, 
bases,  etc.,  shall  be  rounded  off  and   inside  corners   filleted; 

Bolt  Holes  and  Turned  Bolts. 

521.  Holes  for  unfinished  bolls  shall  be  drilled  or  reamed  not  more 
than  -rV  inch  larger  in  diameter  than  the  bolt.  The  diameter  of  the 
shank  of  turned  bolts  shall  be  at  least  Va  inch  larger  than  the  diametei 
of  the  threaded  portion.  The  bolt  shall  make  a  driving  fit  in  the 
bolt  hole. 

Assembling   Machinery. 

522.  Machinery  parts  shall,  ii  practicable]  be  assembled  on  the  sup- 
porting  members  in  tin   shop.    Tin >  shall  be  alined  and  fitted,  and  holes 

in   the   supports   shall   lie  drilled   with   the   members   in   correct    relative 
position.    The  members  shall  ]«■  match  marked  both  to  the  supports  and 
1  li   other,   and    re-erected   in   tin-    same    relativi    positions      If   as 
sembling  is  not  practicable,  tin-  hobs  in  the,  supports  shall  be  lift  blank 

and    drilled    in    tin-    field    after    tin     niarbin<i\     parts    an     assembled    ami 
alined. 
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Equalizing    Levers. 

523.  Equalizing  levers  in  wire  rope  connections  shall  be  neatly 
finished  and  shall  conform  to  the  dimensions  shown  on  the  drawings. 

Grooves  in   Sheaves. 

524.  The  grooves  in  sheaves  shall  be  turned.  Built  sheaves  shall 
lie  assembled  and  permanently   riveted  before  being  turned. 

Grooves  in  Trunnions. 

525.  The  grooves  in  the  surfaces  of  trunnions  and  similar  large 
bearings  shall  be  machine  cut.  Small  inequalities  may  be  removed  by 
chipping  and  filing.  The  grooves  shall  be  smooth,  especially  the  rounded 
corners. 

Holes   for   Sheaves   for   Vertical    Lift   Bridges. 

526.  The  holes  in  the  girders  and  columns  for  the  bolts  connecting 
the  main  sheave  bearings  of  vertical  lift  bridges  to  their  supporting 
girders  shall  be  drilled  from  the  solid  through  cast  iron  or  steel  tem- 
plates on  which  the  bearings  were  set  and  accurately  lined  when  the 
holes  in  the  bearings  were  bored.  The  bolt  holes  and  the  bolts  shall  be 
turned  to  the  same  diameter  and  the  bolts  driven  to  place  without  injury 
|o  them,  the  bearings,  the  girders,  or  the  columns. 

Air  Buffers. 

527.  The  workmanship  on  air  buffers  shall  be  so  accurate  that  the 
weight  of  the  cylinder  and  its  attachments  will  be  sustained  by  the 
confined  air  for  six  minutes,  with  a  piston  travel  not  more  than  that 
which  occurs  during  the  closure  of  the  bridge.  The  valves  must  be 
closed  and  the  buffers  balanced  so  that  the  whole  weight  is  carried  by 
the  piston  rod. 

6.    Loads,  I  mi  Stresses,  ami  Proportioning  of  Parts. 
Stresses  jn    Swing    Bridges. 

601.  The  stresses  in  trusses  or  girders  of  swing  bridges  continuous 
over  three  or  four  supports  shall  be  calculated  for  the  bridge  in  the  fol- 
lowing conditions  : 

1.  Bridge  open,  or  closed  with  ends  just  touching. 

2.  Bridge  closed  with  ends  lifted. 

The  computation  of  stresses  shall  be  divided  into  the  following  cases : 

Case  I.     Condition  1,  dead  load. 

("ase  1  f  Condition  2,  dead  load,  ends  lifted  to  give  positive  reaction 
equal  to  one  and  a  half  times  the  maximum  live  load  negative  reaction 
plus  impact. 

("ase    III.      Condition   1,   live  load  on  one  arm   as   a   simple   Span. 

Case  IV.  Condition  2,  live  load  on  one  arm,  bridge  as  a  continuous 
gii  der. 

Case  Y.  Condition  2,  live  load  on  both  arms,  bridge  as  continuous 
girder. 
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The  following  combinations  of  these  cases  shall  be  used  in  deter- 
mining the  maximum  stresses : 

Case  I     alone. 

Case  I     with  case  III. 

Case  I     with  case  V. 

Case  II  with  case  IV. 

Case  II  with  case  V. 

The  stress  sheet  shall  show  the  stresses  in  the  different  members  for 
each  of  the  foregoing  cases,  together  with  the  combinations  which  give 
the  greatest  positive  and  negative  stresses  in  each  member. 

In  computing  the  live  load  stresses,  the  live  load  shall  be  considered 
as  applied,  either  continuously  or  in  detached  parts,  in  such  a  manner 
as  to  produce  the  maximum  stresses. 

Impact. 

602.  Stresses  in  structural  parts,  which  vary  with  the  movement  oi 
ihe  span,  shall  be  increased  20  per  cent,  as  an  allowance  for  impact.  This 
impact  allowance  shall  not  be  taken  in  combination  with  the  train-load 
stresses. 

Stresses  in  structural  parts  caused  by  tin  machinery  or  by  forces 
applied  for  moving  the  span  shall  be  increased  100  per  cent,  as  an 
allowance    Eor  impact. 

The  end  floor  beams  of  the  moving  span  and  the  adjacent  Ilobl 
beams  of  the  fixed  spans  shall  be  proportioned  for  a  concentrated  load 
of  85,000  lbs.  on  each  track  in  addition  to  the  specified  train  load  and 
impact. 

End   Ties. 

603.  The  first  two  ties  of  the  moving  span  and  of  the  fixed  spans 
shall  be  supported  throughoul  their  length  so  as  to  be  relieved  from 
bending.  They  shall  be  not  less  than  H>  in.  thick  and  in  no  case  ol  l<  — 
thickness  than  the  remainder  of  the  ties.  The  supports  for  these  ties, 
if  other  than  end  floor  beams,  shall  be  proportioned  for  two  and  one-hai! 

times    the   85,000-Ib.    axle   load. 
Reversal    of    Stress. 

604.  Structural  members  subject  to  reversal  ot  stress  during  tin 
motion  of  the  span  shall  be  proportioned  for  the  stress  giving  the  largei 
section    (()()_').     The   riveted   connections    shall   be   proportioned    for   the 

static   Stress   phis   impact    phis  25   per  cent. 
End   Lift   Reactions. 

605.  The  end  lifting  machincrj  of  swing  bridges  shall  be  propoi 
tioned  to  exerl  an  uplift  equal  to  tin   maximum  negative  end  reaction  of 

the    live    load    and    impact     phis    25    pei     cent     of    both.      The    end    bearings 

shall  be  proportioned    for  the  maximum   positive  end   reaction   including 

impact. 

The  center  wedges  and   supports    shall   be  proportioned    for   the   re 

action    ol    the    li\  c    load    and    iiiip.e  t. 
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Rollers. 

606.  The  rollers  of  rim  bearing  or  combined  rim  bearing  and  center 
bearing  swing  bridges  shall  be  proportioned  for  the  dead  load  stresses 
when  the  bridge  is  swinging,  and  for  the  dead  and  live  load  and  im- 
pact stresses  when  the  bridge  is  closed. 

In  computing  the  load  on  the  ^rollers,  the  drum  shall  be  considered 
as  distributing  the  load  uniformly  over  a  distance  equal  to  twice  the 
depth  of  the  drum,  back  to  back  of  flange  angles.  This  distance  shall 
be  taken  as  symmetrical  about  the  vertical  through  the  point  of  applica- 
tion of  the  concentrated  load. 

Wind   Load  and   Ice   Load. 

607.  In  proportioning  the  members  and  determining  the  stability 
of  the  moving  span  and  the  lowers  of  bascule  bridges  and  vertical  lift 
bridges  when  in  the  open  position,  the  wind  pressure  shall  be  assumed 
as  15  lbs.  a  square  foot,  applied  to  the  exposed  surface  of  the  trusses 
and  floor  as  seen  in  elevation. 

In  determining  the  stability  of  swing  bridges  when  open,  the  wind 
pressure  shall  be  assumed  as  10  lbs.  a  square  foot  acting  on  the  hori- 
zontal projection  of  one  arm. 

For  open  deck  bridges  the  area  of  the  floor  exposed  to  wind  and 
ice  shall  be  taken  as  85  pe  r  cent,  of  the  area  of  a  quadrilateral,  whose 
width  is  the  distance  renter  to  center  of  trusses  and  whose  length  is 
that  of  the  floor  of  tin  span.  For  bridges  with  solid  floors,  or  with  foot 
walks,  the  actual  exposed  floor  surface  shall  be  taken. 

In  proportioning  the  numbers  and  determining  the  stability  e>f  the 
bridge  when  closed,  the  assumed  wind  loads  shall  be  in  accordance  with 
the  General  Spccificatiems  for  Steel  Railway  Bridges  of  the  American 
Railway  Engineering  Association. 

607a.  For  proportioning  the  machinery  and  determining  the  power 
required  for  operation,  the  various  loads  shall  be  assumed  as  applied 
in  the  following  manner: 

For  bascule  and  unequal  arm  swing  bridges,  the  machinery  shall  be' 
proportioned  to  hold  the  span  in  any  position  with  a  wind  load  of  15 
lbs.  a  square  foot  on  any  vertical  projection  of  the  open  bridge.  In 
proportioning  the  machinery  lor  this  condition  the  stresses  specifieel 
herein  may  be  increased  one- fourth. 

The  machinery  shall  be  proportioned  and  power  provided  to  move 
the  span  under  the  following  conditions  : 

(A)  In  the  normal  time  for  opening;    (103). 

1.  Bascule   bridges   and   vertical   lift   bridges   against    iiic 
tional   resistances,  and  a  wind  load  of  2l/z   lbs.  a  square   foot 
oi   the  floor  area,  acting  normally  to  the  floor. 

2.  Swing  bridges  against  frictional  resistances,  and  a 
wind  load  of  5  lbs.  a  square  foot  of  the  vertical  projection  of 
one  arm. 

(B)  In  one  and  one-hall   times  the-  normal  time  for  opening'; 

Bascule  bridges  and  vertical  lift  bridges  with  an  ice  load 
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of  2l/z  lbs.  a  square  foot  of  floor  area  in  addition  to  the  loads 
specified  in  (A). 
(C)     In  twice  the  normal  time  for  opening; 

Bascule  bridges  and  unequal  arm  swing  bridges  against 
frictional  resistances,  a  wind  load  of  10  lbs.  a  square  foot  of 
any  vertical  projection  and  an  ice  load  of  2j4  lbs.  a  square  foot 
on  the  floor  area. 

Machinery   Resistances. 

608.  In  calculating  the  resistances  to  be  overcome  by  the  machinery, 
the  resisting  forces  shall  be  reduced  to  a  single  force  acting  between 
the  pinion  and  the  operating  rack,  or  in  the  operating  cable.  In  deter- 
mining this  force,  the  following  coefficients  shall  be  used: 

For        For 
For   trunnion   friction  :  Starting  Motion 

a.  One  or  more  complete  rotations..     0.135        0.09 

b.  Less  than  one  complete  rotation..     0.18  0.12 

For  friction  on  center  discs 0.15  0.10 

For    rolling    friction    of    bridges    having 

rollers  with   flanges,  or  built-up  seg- 
mental  girders    0.009        0.006 

For  collar  friction  at  the  ends  of  conical 

rollers    ....... 0.15  0.10 

For  stiffness  in  wire  ropes  per   180  deg. 

of     bending,     (d  =  dia.     of     rope     in.      -,i3             ~,2 
inches,  D  =  dia.  of  sheave  in  inches).       

For  rolling  friction  of   solid  casl    rollers        ^D 
without  flanges  :  ■, 

a.  In  contact  with  one  surface  only. 


3 
200r        200r 


b.  In  contact  with  two  surfaces. 


3  3 

lOOr         lOOr 
(r  =  thc  radius  of  the  roller  in   inches.) 
In  designing  the  machinery  for  holding  the  span  against  the  IS  lbs 
wind   pressure    specified,    and    for   computing   braking    effect,    0.4   of    the 
above  mentioned  coefficients    for  motion   shall   be   used.     Rope    stiffness, 
solid  roller  friction,  and  machinery    friction  shall  be  disregarded. 

For  sliding  friction  between  plane  surfaces  intermittently  lubricated 
(such  as  guides  on  tower  posts),  the  coefficient  of  friction  shall  be  taken 
as  0.08. 
Machinery  Losses. 

609.    In  computing  the  machinery  losses  between  the  operating  rack, 

in    the   operating    rope,    or    similar    points,    and    the    prime    mover,    the    f..l 

lowing  <  oeffii  ients  shall  be  used : 

For  journal    friction 

I  •  .i    tin    eiiii  i(  in  \    oi    .mo    pah    ■  if    •.•'  at  .    j< mrnal 
friction  included : 

Spur   gears    

I'.e\ 1 1   gears    

I •  tii.  ieiH  j  oi  u.ii in  ..i  .H ing,  angle  oi  thi cad 

"i   more,  collar  friction  included  i1*'*1 
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Brakes. 

610.  The  machinery,  including  the  brake  mechanism,  shall  be  capable 
of  resisting  the  stresses  caused  by  stopping  the  bridge  in  five  second-. 
The  braking  capacity  shall  be  sufficient  to  stop  the  bridge  in  ten  seconds. 

The  coefficient  of  friction  for  braking  shall  be  taken  at  0.25.  If  prac- 
ticable, the  pressure  pec  square  inch  on  the  rubbing  surface  of  the  brake 
-hall   not   exceed  25   lbs. 

1 E  brakes  act  through  the  machinery,  the  unit  stresses  produced  in 
the  machinery  by  braking  shall  not  exceed  \l/<  times  those  allowable  for 
the  normal  torque  of  the  prime  mover.  However,  for  the  braking  mech- 
anism and  for  parts  which  receive  stress  only  through  braking,  the  unit 
Stresses   shall   not   be   increased. 

Unit   Stresses. 

611.  Structural  parts  shall  he  proportioned  by  the  General  Specifi- 
cations for  Steel   Railway  Bridges  of  the  American   Railway  Engineering 

Association. 

The  following  unit  stresses  in  pounds  per  square  inch  -hall  Ik-  used 
for  machinery  and  similar  part-  in  which  main  stresses  are  not  increased 

by   impact : 

Material  Tension      Compression  Fixed  Bearing  Shear 

Rolled  or  Forged  Steel 9000  9000-40  ~L  13000  6500 

r 

Cast    Steel    7000  8000-35  -1-  10000  5000 

r 

Phosphor  Bronze    6000             6000  4500 

Casl    Iron    1500           8000*  8000           2000 

*For  struts  whose  J 

is  20  or  less.         r 

Keys    9000            5000 

For  stresses   which   are    reversed   at   the   rate   of  ten  or   more   times 

per  minute,  two-third-  of  the  above  mentioned  unit  stresses  shall  be 
used. 

For  nickel  steel,  i In-  above  mentioned  unit  stresses  may  be  increased 

one-half. 

Bearing    Pressures. 

012.  The  following  maximum  hearing  pressure-  in  pounds  per  square 
inch    for    rotating   and   sliding   surfaces    shall   he   used: 

a.  For   intermittent   motion   with   speed   not   exceeds 
ing  100  ft,  per  minute: 
Pivots   of   -wing  bridges,   hardened   tool   steel   on 

phosphor  bronze  discs WOO 

Trunnion    hearings,    structural    steel    on    phosphor 

bronze    1500 

Wedges,  cast  steel  on  cast  steel  or  structural  steel.  500 

Screws   which   transmit    motion    (on    projected    area 

of  thread)    200 
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b.  For  speeds  exceeding  100  ft.  per  niinutc: 

Hardened  steel  on  hardened  steel 2000 

Hardened  steel  on  bronze 1500 

Structural  steel  on  bronze 600 

Structural  steel  on  babbitt  metal  or  brass 400 

Structural  steel  on  cast  iron 400 

Cross-head    slides    (speed    hot    exceeding   600    ft. 
per   minute)    50 

Journal   and   Pivot   Bearings. 

613.  The  pressure  on  pivots  or  footstep  bearings  for  vertical  shafts, 
and  on  journals  shall  not  exceed: 

On  pivots,        j)  =-= — ,  but  not  more  than  900. 

nd 

r.     •  i  250000    .    .        .  t,         sm 

On  journals,    p  = — ,  but  not  more  than  600. 

nd 

On  collars,      p  =  - ,  but  not  more  than  200. 

nd 

p  =  pressure  in  pounds  per  square  inch. 

n  =  number  of  revolutions  per  minute. 

d  =  diameter  of  pivot  or  journal  or  mean  diameter  of  collar  in 

inches. 

For   crank  pins    and   similar  joints   with    alternating   application    and 

release  of  pressure,  the  bearing  values  given  by  the   foregoing   formulas 

may  be  doubled   (318). 

Pressure   on    Rollers. 

614.  The  permissible  pressure   in  pounds   per  linear  inch  of   rollers 
Shall    lie: 

/•<"■    ndlers    in    motion: 

Cast   iron    200d 

Cast  steel   400<1 

Structural   steel    300d 

Tool  steel   800d 

Hardened  tool  steel lOOOd 

For  rollers  at  rest: 

Rolled  or  cast   steel 600d 

d  =  diameter  of   roller  in   inches. 
'I'lte   foregoing  values   are    for   tollers   and   bearing    surfaces  ol    like 
materials.     If  the  rollers  .-mil  bearing   surfaces  arc  of   unlike  materials, 
the  lower  value  shall  be  used. 

Wire   Ropes. 

615.  The  total  unit   tension  in  counterweight   ropes  -- 1 1 . 1 1 1   nol   exceed 

one  hull  oi  tin-  specified  unil  ultimate  strength  ol  the  rope,  nor  shall  the 
unit  ten-ion  from  the  dirccl  load  only  exceed  one  ninth  ot  the  diffcrcno 
between  tin     pecified  unit   ultimate     itrength  and  the  unit   bending   stress 
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For  operating  ropes,  the  corresponding  limits  shall  be  one-third  and  one- 
fifth. 

616.  If  a  wire  rope  is  bent  over  a  sheave,  the  bending  stress  and 
pi  rmissible  load  on  the  rope  shall  be  calculated  as  follows : 

Let  P  =  the    total    pull    or    permissible    load    on    the    rope    in 

pounds. 
-  K  =  unit    extreme    fiber    stress    in    largest    individual    wire 

due  to  bending. 
E  =  modulus  of  elasticity  =  28500000. 
a  =  cross-sectional  area  of  rope  in  square  inches. 
d  =  diameter  of  the  largest  wire  in  inches. 
D=  diameter  of  sheave,  to  center  of  rope,  in  indies. 
S  =  greatest  unit  tension  allowable. 
h  =  angle  of  helical  wire  with  axis  of  strand. 
B  =  angle  of  helical  strand  with  axis  of  rope. 
c  =  diameter  of  rope. 

Then  K=   E<*  cosg,  cos'B  (1) 

P  =  a(S  —  Ed  cos'L  cos'B  >.  _     ,g 0.9  Ed  x  ,~\ 

For  rope  having  6  strands  of  19  equal  wires  each, 

P==a(s_l70g00c) (3) 

c 
assuming     d  =  — . 
15 

c 
For  haulage  rone,  6  strands  of  7  wires  each,  d  =  — . 

9 

617.  If  a  rope  is  in  contact  with  a  small  sheave  over  a  short  arc 
(50  deg.  or  less),  the  actual  radius  of  curvature  of  the  rope  may  be 
greater  than  that  of  the  sheave. 

Let  R  =  the  actual  radius  of  curvature  of  the  rope. 

@r=the  angle  between  the  directions  of  the  rope. 

w  =  pull  on  individual  wire  (equal  to  P  divided  by  the 
number  of  wires  if  all  wires  arc  of  equal  diam- 
eter). 

Then   R= £ J-JL 

0^  W 
4.25  cos  — 
2 
If  R  is  greater  than  the  radius  Of  th<    sheave,  2\<   shbulti  be  used  in 
place  of  D  in  formulas  (1),  (2)  and  (3). 

Shafts. 

618.  Circular  shafts,  trunnions  and  axles  shall  be  proportioned  by 
the   following  formulas: 
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S  = VM'  +  T2. 

f  =  unit  extreme  fiber  stress  in  tension  or  compression. 
S  =±  unit  shear. 

d  =  diameter  of  shaft  at  the  section  considered. 
M  =  the  simple  bending  moment  computed  for  the  distance  center 

to  center  of  bearings. 
T  =  the  simple  twisting  moment. 
In  the  case  of  reversal  at  the  rate  of  ten  or  more  times  per  minute, 
increase  M  one-half.     In  this  case,  f  shall  not  be  reduced  on  account  of 
reversal   (611). 

If  a  shaft,  trunnion,  or  axle  has  one  keyway  cut  at  the  section  where 
the  maximum  stresses  occur,  f  and  S  shall  be  considered  to  be  increased 
by  one-sixth;  if  two  keyways  are  cut,  by  one-fourth. 

Excess    Loads. 

619.  The  machinery  parts  shall  be  designed  for  the  normal  loads 
herein  specified,  using  the  unit  stresses  herein  given.  For  the  stresses 
caused  by  the  motor  when  exerting  twice  the  greatest  normal  torque, 
twice  the  normal  unit  stresses  may  be  used  (704). 

End    Lift    Machinery. 

620.  In  designing  the  machinery  parts  for  the  end  lifts  of  swing 
bridges,  the  same  methods  specified  for  the  machinery  actuating  the 
moving  span  shall  be  used. 

Impact. 

621.  The  allowance  for  impact  in  trunnions,  wire  ropes,  wire  rope 
attachments,  and  machinery  parts  is  taken  care  of  by  the  foTegoing  unit 
stresses. 

7.    Power  Equipment. 

a.    General  Requirements. 
Kind   of  Power. 

701.  If  the  bridge  is  to  be  operated  by  mechanical  power,  the  kind 
of  power  to  be  used  will  be  stipulated  by  the  Company.  The  motors 
shall  lie  of  ample  capacity  to  move  the  bridge  at  the  required  speed.  The 
type  and  the  name  of  the  manufacturer  shall  be  given  in  the  bid  The 
trim  motor,  as  used  in  these  specifications,  means  the  prime  mover, 
whether  steam,   internal  combustion,  or  electric. 

Man   Power. 

702.  If  the  bridge  is  to  be  operated  by  band  power,  the  numbet 
men  and  the  time  required  t<>  operate  it  shall  be  calculated  on  the  assump 

lion  that   the    force  one  man  can   exert   continuously   is  -10  His.  at   a  speed 

i.i'  it>()  it.  per  minute,  developing  about  one-fifth  h    p.     For  calculating 
iIk   strength  "i   the  machinery  parts,  the  force  "i  one  man  shall  b< 
sumed  as  125  lbs.,  and  the  force  applied  to  the  extreme  end  of  the  hand 
lever  "i  any  bridge  shall  I"   assumed  as  150  lbs. 
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Machines. 

703.  Machines  which  are  of  the  usual  manufactured  types,  such  as 
steam,  gasoline,  and  electric  motors,  pumps,  air  compressors,  etc.,  shall 
be  tested  for  the  specified  requirements  to  the  satisfaction  of  the  Engi- 
neer, and  shall  be  guaranteed  by  the  manufacturer  to  fulfill  these  re- 
quirements for  one  year. 

Break   Test. 

704.  The  rating  of  motors  shall  be  the  horsepower  determined  by 
the  brake  test.    The  motor  shall  he  capable  of  exerting  twice  the  greatesl 

torque  shown  on  the  torque  curves  for  the  normal  loads. 

Electrical    Control. 

705.  The  kind  of  electrical  control  shall  he  manual  or  automatic  as 
may  he  stipulated  by  the  company. 

Brakes. 

706.  Electrically  operated  vertical  lift  bridges  shall  be  provided  with 
a  solenoid  brake  for  each  main  motor  (737),  and  in  addition  a  motor 
operated  service  hrake  with  3  steps  of  retarding  torque.  If  stipulated, 
the  service  hrake  may  he  operated  by  air.     (738). 

Electrically    operated    bascule    bridges    and    swing    bridges    shall  be 

provided    with    a    solenoid    hrake    for    each    main    motor     (737),    and  in 

addition  with  an  emergency  hrake  which  shall  he  located  as  close  to 
the  operating  rack,  or  drum,  as  practicable.     (739),   (743). 

Brakes  for  bridges  operated  by  power  other  than  electricity  shall  he 
operated  by  air,  by  hand,  or  by  foot. 

Whistle. 

707.  A   whistle   or  an   electric   horn    shall   he   installed  complete. 

The  horn  shall  he  audible  at  a  distance  of  1500  ft.  under  the  con- 
ditions surrounding  the   site  and  with  the  wind  blowing  in  any  direction. 

The  hell  of  the  whistle  shall  he  not  less  than  3  in.  in  diameter  and 
9  in.  long.  If  the  whistle  is  operated  by  air.  the  compressor  shall  he 
power  driven,  the  motor  and  compressor  being  gear  connected  on  one 
frame.  The  working  parts  shall  he  enclosed  and  self-lubricating.  The 
compressor  shall  have  a  piston  displacement  of  from  2?  to  30  cu.  ft.  per 
minute  when  working  against  a  tank  pressure  of  00  lbs.  per  square  inch. 
The  compressor  shall  he  provided  with  an  automatic  governor  and 
switch  in  order  that  the  compressor  may  start  and  stop  automatically 
at  any  predetermined  tank  pressures.  The  air  receiving  tank  shall  be 
36  in.  in  diameter  and  N   ft.   Ions.',,  or  of  equal  capacity. 

The  tank  shall  he  galvanized.  It  shall  he  good  for  a  working  pres- 
sure oi  100  lbs.  per  square  inch.  It  shall  he  provided  with  pressure  gage, 
pop  valve,  and  drain  cock,  and  shall  have  standard  flanges  bushed  for 
l'.'-in.    pipe.      The   contractor   shall    furnish    and    install    pipe,   pipe    fittings, 

and  valves;  all  to  withstand  a  working  pressure  of  100  lbs.  per  square 
inch. 
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b.    Steam. 
Steam    Engines. 

708.  Steam  engines  shall  he  of  the  douhlc-cylinder,  reversing  type, 
and  shall  develop  the  required  power  at  a  piston  speed  not  exceeding 
400  ft.  per  minute  with  a  steam  pressure  of  60  lhs.  per  square  inch  at  the 
throttle.  The  engine  shall  be  connected  to  the  operating  machinery  by 
an  approved  friction  clutch,  arranged  so  that  the  moving  machinery  and 
the  locking  machinery  may  he  operated  independently  or  stopped  with- 
out stopping  the  engine. 

Steam  Separator. 

709.  In  the  steam  supply  pipe  close  to  the  steam  chest  shall  be 
placed  a  steam  separator.  This  separator,  under  test  with  quality  of 
steam  as  low  as  66  per  cent.,  shall  show  an  average  efficiency  of  85  per 
cent,  in   5   tests. 

Boilers. 

710.  There  shall  he  installed  one  or  two  boilers  as  stipulated.  The 
boilers  shall  he  upright  tubular  boilers  with  submerged  tubes.  They 
shall  be  designed  for  a  steam  pressure  of  150  lbs,  per  square  inch,  ami 
shall  he  adapted  to  the  kind  of  fuel  specified  by  the  Engineer.  Boilers 
shall  be  in  accordance  with  the  Code  of  the  American  Society  of  Me 
chanical  Engineers  adopted  February,  1915,  l"'  subsequent  revisions,  ami 
shall  otherwise  conform  to  civil  regulations.  They  shall  he  encased  in 
asbestos,  covered  with  Russia  iron. 

Boiler  stacks  shall  he  made  of  ingot  iron  or  other  pure  metal  not 
less  than  iVin.  thick.  They  shall  he  of  ample  diameter  and  height  to 
furnish   the  required  draft   under  the  conditions  at  the   site. 

Horsepower  of   Boilers. 

711.  Thi-    horsepower   of   each  boiler   shall    lie    twice    that    of   the   en- 
gine.    The   horsepower   shall    he   computed   by   allowing   15   sq.    It.   of   heat 
ing    Surface    per    horsepower.       There    shall    he    at    hast     ',    sq.    it.    ,,f    gratC 

surface  per  horsepower. 
Pipe   Covering. 

712.  Steam  pipes  shall  he  covered  with  sectional  covering  approved 
by  tlie   Engineer.     Water  pipes   shall  he  protected   from   freezing  where 

necessary. 

Engine    Room   Appliances. 

713.  In    the   engine    room,    there    shall    he   a    steel    water   tank    of    suffi 

■  lent  capacity,  a  duplex  steam  boiler  feed  pump,  and  an  injector  for  eacli 
boiler,   with   necessary   pipes  and  connections    for    Feeding   boilers   scpa 
ratcly  or  togethci      Sham  water  lifters  with  necessary  strainer-,  flexible 

hos,-,    and    piping    I"    lilt    tin     watei     from    the    river    into   the    tank    shall    he 

provided  where  the  riyei  water  i-  lit  foi  boiler  use.  \  coal  hoist  ami  a 
steel  coal  hin  of  sufficient  capacity  shall  be  provided,  Ther«  shall  he  in 
the  engine   room   indicators   to   shoM    the  positions  of   the   moving    span 

and    ol    the    lifting    and    I.  •■  Line    RppRI  alils. 
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c.   Internal  Combustion. 
Gasoline  Engines. 

714.  Gasoline  and  other  internal  combustion  engines  shall  be  low- 
speed  engines  of  the  most  substantial  kind.  The  piston  speed  shall  not 
exceed  600  ft.  per  minute.  The  engine  shall  be  equipped  with  a  revers-; 
ing  gear,  with  approved  friction  clutches,  to  be  operated  by  a  hand  wheel. 
The  countershaft  connecting  the  engine  with  the  operating  machinery 
shall  be  provided  with  disengaging  couplings  so  arranged  that  the  moving 
machinery  and  the  interlocking  machinery  may  be  operated  independently 
and  in  either  direction  without  stopping  the  engine.  Engines  of  15  h.  p. 
and  more  shall  be  equipped  with  a  device  for  starting  by  compressed 
air.  The  engine  room  shall  be  provided  with  a  water  tank  of  sufficient 
capacity.  The  gasoline  tank  shall  be  located  outside  of  the  engine  room, 
below  the  level  of  the  cylinder.  It  shall  be  protected  from  the  sun. 
There  shall  be  in  the  engine  room  indicators  to  show  the  positions  of 
the  moving  span  and  of  the  lifting  and  locking  apparatus. 

Cooling. 

715.  For  bridges  which  are  to  be  opened  not  more  than  four  times 
per  hour,  the  engine  may  be  air  cooled. 

Ignition. 

716.  If  the  fuel  is  suitable  (such  as  gasoline  and  kerosene),  the 
ignition  shall  be  of  the  jump-spark  kind,  for  which  the  secondary  coil  is 
made  up  so  that  a  low  voltage  primary  current  (not  over  10  volts)  will 
be  sufficient.  For  other  fuel,  the  best  device  available  shall  be  used. 
Two  extra  ignitors  and  two  extra  crank  pin  brasses  shall  be  furnished. 

d.   Electric. 
Rules. 

717.  The  electrical  equipment  shall  conform  to  the  Standardization 
Rules  of  the  American  Institute  of  Electrical  Engineers  as  adopted  June 
21,    1907,   or  subsequent   revisions. 

The  National  Electric  Code  and  the  National  Electric  Safety  Code 
shall  apply  to  the  electrical  material,  construction,  and  installation,  ex- 
cept as  may  be  provided  otherwise  herein. 

717.  The  quality  of  the  wires  and  insulation  shall  conform  to  the 
Specifications  of  the  Railway  Signal  Association  as  revised  and  adopted 
October,  1911.     (See  Vol.  8  of  the  Proceedings,  pp.  576  to  587.) 

Motors. 

718.  Electric  motors  shall  be  of  the  standard  commercial  railway 
or  mill  type  totally  enclosed  and  made  as  weatherproof  as  practicable. 
They  shall  be  mounted  in  such  a  manner  as  to  admit  of  easy  access  for 
inspection  and  repairs.  The  frame,  if  practicable,  shall  be  split  so  as  to 
allow  the  top  part  to  be  removed  for  taking  out  the  armature  without 
disturbing  the  mounting  of  the  motor.  The  motors  shall  be  securely 
supported  and  anchored.  There  shall  be  a  close  fit  of  the  anchor  bolts 
in  the  holes.  If  installed  on  the  moving  span,  they  shall  be  capable  of 
being  operated  satisfactorily  in  any  position. 
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Tests. 

719.  Motors,  circuit  breakers,  solenoids,  brakes,  and  other  electric, 
mechanisms  shall  be  tested  at  the  factory  by  the  manufacturer  in  the 
presence  of  the  Company's  inspector. 

Temperature  Rise. 

720.  Electrical  parts,  such  as  wires,  switches,  etc.,  shall  be  designed 
for  the  currents  required  for  the  motors  when  they  exert  the  normal 
torques  called  for  by  the  torque  curves,  on  the  supposition  of  contin- 
uous operation  through  successive  cycles  of  bridge  operation.  For  twice 
normal  torques  and  15  minutes  of  operation,  the  temperature  rise  of 
the  parts  shall  not  exceed  that  for  continuous  operation  under  norma! 
torques.  The  excess  torques  shall  be  taken  over  successive  cycles  of 
bridge  operation. 

Working  Plans. 

721.  The  contractor  shall  make  complete  working  plans  for  the 
electric  equipment.     These  plans  shall  show : 

a.  Size  of  the  wires. 

b.  Size  and    location    of    the   conduits   with   number   of   wires   in 

each  conduit. 

c.  Size  and  location  of  the  switchboard. 

d.  Location  of  the  lamps. 

e.  Location  of  the  controllers. 

f.  Size  and  location  of  resistances. 

g.  The  numbering  of  the  circuits  corresponding  to  numbered  tags, 
h.  A  curve  of  the  current  required  by  the  motors  at  the  various 

stages  of  operation. 
Special   apparatus    shall   be   designated   by   the    manufacturer's   name 
and  catalog  reference. 

Number  of  Motors. 

722.  If  the  total  power  to  move  the  bridge  at  the  required  speed 
exceeds  25  h.  p.,  there  shall  be  two  main  operating  motors. 

Motor  Tests. 

723.  Any  motor  under  test  shall  develop  the  required  horsepower 
and  torque  at  the  armature  shaft.  Characteristic  curves  showing  the  re- 
sults of  the  test  shall  be  furnished  by  the  manufacturer. 

Starting  Torque. 

724.  The  sturi  of  thi  starting  torques  "I  the  motors  shall  be  equal  to 
at  least  twice  the  irquc  shown  by  the  torque  curves  for  the 
bridge  operating  machinery.  The  pull  oul  torque  of  alternating  curren! 
motors  shall  be  equal  to  at  least  1J4  times  the  starting  torque 

Speed  of  Motors. 

Thi     -i"  ed  oi    motoi        '    20  h    p    and   oy  ei    shall   nol   exceed 
niu   i     p,    in.     The    speed   ol    motoi      uiidei    20   li     p      hall    not 
'"III   ,     ,,     ,,, 
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D.   C.    Motors. 

726.  Direct  current  motors  shall  preferably  lie  of  the  railway  series 
type  with  commutating  poles.  They  shall  be  designed  for  the  service 
characteristic^  specified.  The  normal  brake  horse  power  rating  of  each 
motor  shall  be  based  on  the  Standardization  Rules  of  the  American  In- 
stitute Hi'  Electrical  Engineers  for  railway  motors.  Each  motor  shall  be 
capable  of  exerting  continuously  for  four  cycles  twice  the  normal  torque 
required  for  the  moving  span  and  machinery  as  shown  on  the  torque- 
curves,  one  cycle  being  understood  to  be  the  opening  and  closing  of 
the  bridge  in  the  specified  time.  The  temperature  rise  in  any  part  of 
any  motor  after  four  complete  cycles  shall  riot  exceed  the  allowable  rise 
in  accordance  with  the  American  Institute  of  Electrical  Engineers' 
rating. 

If  the  motors  are  used  for  dynamic  braking,  they  shall  perform  this 
function  without  injurious  sparking  or  temperature  rise  exceeding  that 
specified  above. 

A.  C.  Motors. 

727.  Alternating  current  motors  shall  be  of  the  induction  type  de- 
signed for  the  service  characteristics  specified.  Those  of  more  than 
10  h.  p.  shall  have  slip  rings.  Each  motor  shall  be  capable  of  delivering 
its  rated  output  continuously  with  a  temperature  rise  not  exceeding  40 
degrees  Centigrade  in  any  part,  and  a  25  per  cent,  overload  for  two 
hours  with  a  temperature  rise  not  exceeding  55  degrees  Centigrade,  heat 
tests  and  temperature  corrections  to  be  in  accordance  with  the  Standard- 
ization Rules  of  the  American  Institute  of  Electrical  Engineers. 

Weather  Protection. 

728.  The  field  and  armature  coils  of  motors  shall  be  rendered  moist- 
ureproof  by  treatment  with  a  special  compound.  Motors  outside  of  the 
machinery  house  shall  be  housed  in  a  weatherproof  metal  housing.  This 
housing  shall  he  arranged  to  allow  the  motor  to  be  inspected  and  oiled, 
and  shall  be  readily  removable.  The  metal  in  the  housing  shall  be  gal- 
vanized and  not  thinner  than   No.   16  U.  S.   Standard  gage. 

Motor  Gears,  etc. 

72'X  In  back-geared  motors,  one  casl  steel  cut  gear,  bored  and  key- 
seated  for  attachment  to  the  countershaft,  shall  be  furnished  with  the 
motor.  The  gear  and  pinion  shall  be  covered  by  a  sheet  steel  or  mal- 
leable  iron  split  gear  case,  supported  by  the  motor  frame,  and  completely 

ring  the  gear  and  pinion.  \n  opening  with  a  hinged  cover  shall  be 
provided  in  the  gear  case    for  inspection  and  oiling. 

Tin-  r.  p.  m.  of  motors  of  10-h.  p.  or  more  shall  not  exceed  700; 
the  r.  p.  m.  of  the  countershaft  shall  not  exceed  125.  For  other  motors, 
the  r.  p.  m.  shall  not  exceed  1000;  that  of  the  countershaft  shall  not 
■  m  eed  200. 
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Spare  Parts. 

730.     The   Contractor   shall   furnish   the    following   spare  parts: 

a.  A  set  of   fuses,   not  less  than   six   of  each   kind. 

b.  A  set  of  contacts  and  contact  fingers  for  each  device. 

c.  For  each  size  of  motor, 

One  armature,  or  rotor. 
One  field  coil,  or  stator  coil, 
One  pinion  and  gear  for  back-geared  motors, 
One   set   of   brushes. 
These  parts  shall  be  fitted. 

Controllers. 

731.  There  shall  be  in  the  operating  house  one  controller  for  the 
operation  of  the  main  motors,  one  for  the  rail  lock  motors,  and  one  imc 
the  bridge  lock  motors.  The  controllers  shall  be  so  arranged  that  the 
operation  of  any  motor  may  be  cut  out  by  pulling  a  switch  on  the 
switchboard,  without  affecting  the  operation  of  any  other  motor. 

The  controllers  shall  be  of  the  reversing  drum,  or  flat,  type  with 
magnetic  blow-out.  They  shall  be  capable  of  varying  and  maintaining 
the  speed  of  the  motors  throughout  the  entire  range  desired,  without 
injurious  sparking,  and  without  shock  due  to  sudden  variation  in  speed. 
They  shall  be  capable  of  doing  their  work  for  the  normal  loads  and  for 
the  "excess  loads  that  may  come  upon  the  motors,  with  a  temperature 
rise  not  exceeding  that   specified   for  the  motors. 

732.  The  controller  shall  have  a  sufficient  number  of  steps,  such 
that  the  minimum  or  maximum  motor  torque  will  not  differ  by  more 
than  10  per  cent,  from  the  average  torque  required  for  uniform  accelera- 
tion. 

For  automatic  control,  there  shall  be  no  fewer  than  four  points  of 
acceleration.  For  manual  control,  there  shall  be  no  fewer  than  five 
points  of  acceleration.  The  manual  control  shall  be  of  a  type  which  will 
prevent  the  operator  from  throwing  the  controller  handle  quickly  from 
the  off  to  the  fully  on  position. 

733.  The  controller  for  the  main  motors,  if  fur  direct  current,  shall 
be  of  the  series-parallel  type.  The  field  of  interpole  motors  may  be 
varied. 

Resistances. 

734.  Rheostatic  units  shall  be  of  the  cast  grid  type,  and  of  such 
capacitj  thai  the  motor  may  Ik-  operated  continuously  at  any  point  oi 
the  controller  when  developing  normal  torque,  or  for  15  minutes  when  d< 
veloping  excess  torque,  withoul  sufficient  rise  in  temperature  "i  th< 
rcsj  tance  t<-  cause  deterioration  of  anj  part.  The  units  shall  be  mounted 
,,n  .,  jteel  frame  so  as  t..  admit  of  free  ventilation  and  to  be  withoul 
injurious  vibration,  ami  so  tint  am  unil  oi  part  of  ■•  unit  maj  be  re- 
moved and  replaced  withoul  disturbing  the  others.  The  units  shall  be 
Insulated   from  their  supports. 


850  IRON  AND  STEEL  STRUCTURES. 

Remote   Control. 

735.  For  currents  of  more  than  400  amperes,  the  motors  shajl  have 
remote  control.  The  motor  circuits  shall  be  made  by  contactors  mounted 
on  panels  or  frames.  The  contactors  shall  be  operated  by  solenoids 
which  arc  controlled  by  a  master  controller. 

Automatic  and    Remote   Control. 

730.     The  following  features  apply  to  remote  and  automatic  control  : 

(a)  Controller  Equipment.  The  switchboard  shall  be  made  up  of 
the  necessary  unit  slate  panels  mounted  on  an  angle  iron  frame. 

Single  or  double  pole  shunt  switches  for  reversing  the  motor  shall 
lie  installed.  A  single  pole  magnetic  shunt  switch  shall  be  provided  for 
opening  the  side  of  the  line  opposite  to  that  opened  by  the  reversing 
switches. 

•  \  separate  overload  relay  shall  be  provided  to  open  each  side  of 
the  line  in  case  of  overload  or  ground.  The  overload  relays  shall  open 
both  sides  of  the  line.  Upon  tripping,  they  shall  reset  by  bringing  the 
master  controller  to  the  off  point. 

(b)  Master  Controller.  Contacts  and  wiring  parts  of  the  master 
controller  shall  be  easily  removed  and  replaced.  Controllers  shall  be 
provided  with  speed  control. 

The  controller  for  direct  current  shall  be  of  the  automatic,  reversing, 
magnetic  contactor  type  with  a  separate,  individual,  scries  wound  relay 
for  each  shunt  wound  acceleration  contactor. 

For  parallel  or  series  parallel  operation,  the  controller  shall  have 
individual  reversing  switches  and  separate  resistors  for  each  motor  with 
separate  acceleration  contactors  controlled  by  one  train  of  series  wound 
acceleration  relays,  to  prevent  a  direct  path  for  current  from  one  motor 
to  the  other. 

(c)  Knife  Switch.  A  double  pole,  single  throw,  mill  type,  unfused, 
knife  service  switch  shall  be  mounted  on  a  switchboard. 

A  double  pole,  single  throw,  fused,  knife  switch  for  cutting  off  the 
control  circuits  shall  be  installed. 

fd)  Series  Switches.  Adjusting  plugs,  screws,  or  nuts  shall  he 
stationary  and  easily  accessible  so  as  to  allow  the  series  switches  to  be 
adjusted   for  closing  value  while  the  controller  is  running. 

(c)  Interlocks.  The  reverse  shunt  switches  shall  be  mechanically 
interlocked  preventing  the  closure  of  the  reverse  switches  until  the  for- 
ward switches  have  opened.  The  reverse  switches  and  the  scries 
switches  shall  be  electrically  interlocked  preventing  the  closure  of  the 
reversing  switches  while  the  forward  switches  or  any  series  switch  is 
closed. 

(f)  Contacts.  Contacts  on  both  the  shunt  and  scries  switches  shall 
ho  removable  without  dissembling   any  other  part  of  the  switch. 

Brakes. 

737.  Tin  main  motors,  rail  lock  motors,  and  l>nd°c  lock  motor- 
shall  he  provided   with   approved   post   brakes   which   arc  held  in  the  set 
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position  by  a  spring  with  such  force  as  to  overcome  at  least  half  of  the 
maximum  torque  required.  The  friction  surfaces  shall  be  of  materials 
which  are  not  affected  by  moisture.  The  brakes  for  main  motors  shall 
be  arranged  to  be  released  by  shunt  coil  solenoids;  brakes  for  other 
motors  by  series  coil  solenoids.  The  solenoids  shall  have  ample  power 
and  heating  capacity  whenever  the  motors  are  taking  current,  and  shall 
be  set  automatically  whenever  the  current  fails  or  is  cut  off  from  the 
motors.  Series  brakes  shall  be  dry  brakes.  Moistureproof  motors  shall 
be  provided  with  moistureproof  solenoids.  Brakes  on  main  operating 
motors  shall  be  provided  with  a  foot-switch  release  for  coasting  pur- 
poses.    Means  shall  be  provided  for  releasing  the  brakes  mechanically. 

Air  Brakes. 

738.  If  air  brakes  are  used,  they  shall  be  controlled  from  the  oper- 
ator's house.  The  air  compressor  shall  be  able  to  compress  at  least  11 
cu.  ft.  of  free  air  per  minute  against  a  tank  pressure  of  90  pounds  per 
square  inch.  The  loss  of  pressure  shall  not  be  more  than  \y2  pounds 
in  10  minutes. 

The  air  tank  shall  be  22J4  inches  in  diameter  and  42  inches  long 
or  of  equal  capacity.  It  shall  be  built  up  of  boiler  plate  with  a  riveted 
lap  longitudinal  joint  and  concave  ends  welded  into  place.  It  shall  show 
no  leaks  when  tested  at  160  pounds  pressure.  The  working  pressure  of 
the  tank  shall  be  60  pounds  minimum  and  90  pounds  maximum. 

The  brake  cylinder  shall  have  a  spring  release  capable  of  placing  the 
brake  in  the  released  position  automatically  as  soon  as  the  air  is  ex- 
hausted to  the  atmosphere.  The  cylinder  shall  not  be  less  than  6  inches 
in  diameter  and  have  not  more  than  a  6  inch   stroke. 

At  a  convenient  place  in  the  line  carrying  air  to  the  brake  cylinder, 
there  shall  be  a  union  with  a  choke  which  will  introduce  a  time  element 
of  5  seconds  between  the  operating  lever  and  the  action  of  the  cylinder. 

If  the  control  of  the  air  to  the  brake  cylinder  is  remote  and  elec- 
trically operated,  the  arrangement  of  the  application  and  release  magnets 
shall  be  such  that  the  brake  will  be  applied  in  case  of  any  voltage 
failure. 

The  pipe  line  between  the  compressor  and  the  reservoir  tank  shall 
contain  not  less  than  fifty  feet  of  pipe.  Erom  the  compressor  it  shall 
run  vertically  upward  to  the  highest  point  in  the  line.  From  this  point 
the  line  shall  slope  downward  to  the  tank. 

Emergency  Brake. 

739.  The  emergency  brake  shall  be  arranged  to  be  released  by 
solenoids  <>r  motors  which  will  hold  the  brake  in  release  as  long  as  the 
current  is  applied  to  the  brake  motor.  Cutting  off  the  current  from  the 
solenoids  or  motors,  or  anj    failure  "f  the  currenl   shall  result  m  the 

ntaneous  application  of  the  brake.  This  brake  normally  shall  be 
set  ami  arranged  bo  th.it  it  must  be  released  by  the  operator  before 
starting  the  bridge.    It  shall  he  held  in  release  during  the  entire  opera- 
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tion  unlrs-  an  emergency  condition  arises  requiring  brake  power  in 
■  of  thai  offered  by  the  motor  brakes,  in  which  case  it  may  be 
applied  instantly  by  the  operator.  This  portion  of  the  equipment  shall 
he  so  designed  that  it  will  not  be  injured  if  left  in  release  indefinitely 
Means  shall  he  provided   for  releasing  the  emergency  brake  mechanically. 

740.  The  emergency  brake  motor  circuit  shall  be  independent  of 
the  general  interlocking  system;  and  there  shall  be  a  mechanical  inter- 
locking device  which  will  prevent  the  main  operating  motors  and  the 
emergency  brake  being  used  one  against  the  other,  except  at  the  instant 
of  closing.  At  closing  the  brake  shall  be  automatically  applied  (before 
the  power  is  cut  off  from  the  main  motors)  to  prevent  rebounding  of 
the  span. 

741.  The  emergency  brake  switch  shall  be  attached  to  the  controller 
stand  within  easy  reach  of  the  operator.  Labels  shall  be  placed  hack  of 
the  switch  handle  to  indicate  set  and  released  positions  of  the  brake. 

Brake   Housing. 

742.  Solenoid   and   motor-operated   brakes    shall    be   housed. 

Automatic  Stops. 

743.  The  bridge  lock  motors  and  the  rail  lock  motors  shall  be  ar- 
ranged to  be  stopped  and  their  brakes  to  be  set  automatically  at  each 
end  of  the  travel.  An  automatic  cut-off  shall  be  provided  which  will 
cut  off  the  current  and  set  the  brakes  so  that  the  span  will  be  stopped 
when  the  end  is  6  feet  from  the  fully  closed  or  fully  open  position. 
Spring  switches  shall  be  provided,  which,  if  held  closed,  will  put  the 
cut-off  out  of  service  and  thus  enable  the  bridge  operator  to  close  or 
fully  open  the  bridge. 

Switchboard. 

74-1.  The  switches,  cut-outs,  circuit  breakers,  fuses,  and  meters  shall 
be  mounted  on  an  oil  finished  slate  panel  switchboard,  not  less  than  l''> 
inches  thick  and  free  from  metallic  veins  and  flaws,  in  the  operator's 
house.  The  bottom  of  the  board  shall  clear  the  floor  by  at  least  9  inches. 
There  shall  be  a  distance  of  at  least  two  feet  between  the  wall  and  any 
of  the  parts  on  the  back  of  the  switchboard.  The  appliances  mounted  on 
the  switchboard  shall  be  provided  with  plates  designating  their  uses. 

Meters — Ground   Detector. 

745.  A  volt  meter  and  ammeter  and  a  watt-hour  meter  shall  he 
provided  on  the  switchboard.  The  switchboard  instruments  shall  be 
furnished  with  illuminated  dials.  There  shall  be  a  switch  connecting  the 
volt   meter  to  the  mains  or   from   either  main  to  the  ground. 

Switches. 

74o  There  shall  be  a  switch  of  the  quick  break  type  for  each  supply 
wire  and  a  switch,  approved  by  the  Engineer,  in  each  motor  circuit  and 
each    light,    signal,    indicator,   or   other   circuit. 
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Circuit  Breakers  and   Fuses. 

747.  An  automatic  circuit  breaker  shall  be  placed  in  the  feed  wires. 
There  shall  be  in  each  line  to  a  motor,  each  line  to  an  electric  brake, 
and  each  lighting,  signal,  indicator,  or  other  circuit,  an  enclosed  fuse 
with  knife  blade  contacts. 

Emergency  Switches. 

748.  Emergency  switches  which  will  free  the  various  motors  from 
the  interlocking  in  emergency  shall  be  mounted  on  the  switchboard. 
covered  by  sealed  glass  cases. 

Feeder    Protection. 

749.  The  feeders  shall  be  protected  by  a  switch,  an  enclosed  fuse, 
and  a  lightning  arrester,  mounted  on  a  non-combustible  and  non-ab- 
sorbent insulating  base.  The  connection  for  the  lightning  arrester  shall 
be  a  No.  4  B.  &  S.  gage  wire  run  in  a  direct  line  to  a  ground  plate,  and 
not  connected  to  any  structural  part.  To  avoid  inductance,  the  wires 
shall  be  in  a  split  conduit.  If  a  choke  coil  is  used,  it  shall  be  insulated 
from   tlie  ground  and   from   other  conductors. 

Switches. 

750.  Switches  shall  be  designed  to  carry  not  more  than  900  amperes 
per  square  inch  of  cross  section.  Knife  switches  shall  have  not  less  than 
100  amperes  capacity.  The  blades  or  clips  of  knife  switches  and  similar 
parts  shall  lie  not  less  than  &  inch  thick.  Snap  switches  shall  not  be 
installed  in  circuits  carrying  more  than  6  amperes.  They  shall  be  of  not 
less  than  20  amperes  capacity. 

Preferably,  laminated  switches  shall  not  be  used,  but  if  used  they 
shall  have  auxiliary  carbon  contacts  which  operate  later. 

A  magnetic  blow-out  shall  be  used  with  large  switches. 

Contact  Areas. 

751.  Line  contact  in  a  circuit  shall  In  avoided  wherever  practicable. 
The  current  per  square  inch  of  contact  area  shall  not  exceed  50  amperes 
for  ]oos<    contact,  or  100  amperes    lor  bolted   or  clamped  contact. 

Circuit  Breakers. 

752.  f'ircuit    breaker-    and    fuses    -hall    be    designed    to    open    the    c;r 
cuit    when    the    motors    are    taking     Id    per    cent,    more    than    the    cumin 

required  to  develop  twice  the  greatest  normal  torque. 

Circuil  breakers  shall  have  not  less  than  two  poles,  with  a  common 
trip,  overload  attachments,  and  a  no-vortage  release.  There  -hall  be 
individual  closing  arm-   for  each  pole.     There   -hall  be  an  overload  coil 

in    each    line    for    direct    current    circuits;    and    in    each    of    two    line-    oi    a 

three  phase,   three  wire  circuit      Tripping   attachment-   -ball   be   positive 
ill  action. 

Circuit  breakers  of  the  no  voltage  oi  the  -hunt  trip  types  -hall  not 
hi'  used  tor  limiting  the  travel  of  an)   mechanism 
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Phase  Failure  Device. 

753.  For  alternating  current,  three  phase  power,  a  phase  failure 
device  shall  be  providi-d  which  will  open  all  three  phases  when  any 
phase  fails. 

Ground  Connections. 

754.  Ground  connections  of  ample  area  shall  be  installed. 
Protection  of  Contacts. 

755.  Electrical  contacts  shall  be  protected  from  the  weather  and 
accumulations  of  dirt. 

Metal  Covers. 

756.  Metal  coverings  for  drum  switches  and  similar  parts  shall  be 
of  not  less  than  No.  18  U.  S.  Standard  gage.  For  built-up  boxes,  the 
metal  shall  be  of  not  less  than  No.  14  U.  S.  Standard  gage.  Junction 
boxes  shall  preferably  be  made  of  malleable  cast  iron  not  less  than  i3c 
inch  thick,  which  will  allow  the  conduits  to  be  threaded  into  the  box. 
The  boxes  must  be  weatherproof  throughout,  in  particular  at  conduit 
connections,  and  be  free  from  rough  edges  and  rough  surfaces. 

Cast  Iron   in   Electrical   Parts.v 

757.  Cast  iron,  unless  malleable,  shall  not  be  used  in  switches  and 
small  electrical  parts  which  are  located  on  the  bridge. 

Wires. 

758.  Stranded  wires  shall  not  be  smaller  than  No.  10  B.  &  S.  gage. 
Circuits  to  motors  and  all  circuits  running  on  the  moving  span  shall  be 
of  stranded  wire  throughout.  Solid  wire  of  not  less  than  No.  12  B.  &  S. 
gage,  may  be  used  for  other  circuits. 

Splices. 

759.  Splices  shall  be  neatly  and  carefully  made.  They  shall  be 
made  mechanically  and  electrically  secure  before  soldering.  Splices  shall 
not  be  inside  of  a  conduit. 

Conduits. 

760.  Wires  shall  be  placed  in  metal  conduits.  The  combined  area 
of  the  wires  (including  insulation)  in  any  conduit  shall  not  exceed  42 
per  cent,  of  the  area  of  the  conduit. 

To  lessen  the  inductive  effects,  the  phase  wires  in  alternating  current 
circuits  shall  be  placed  close  together  in  one  conduit.  Not  more  than 
three  alternating  current  circuits  shall  be  in  one  conduit.  A  circuit  in 
three  phase  work  means  three  wires. 

Conduits  shall  be  sherardized  or  loricated  on  the  inside  and  outside. 
Slicrardized  or  loricated  conduits,  pull-out  boxes,  ells,  and  other  fittings 
shall  be  used  in  connection  with  conduits.  Bends  shall  be  used  sparingly. 
The  radius  of  the  bend  to  the  center  of  the  conduit  shall  not  be  less 
than  six  times  the  inside  diameter  of  the  conduit.     Junction  boxes  may 
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be  used  where  other  fittings  are  not  suitable.     Conduits  and  boxes  shall 
have  suitably  located  drain  holes. 

Conduits  shall  be  placed  so  that  dirt  will  not  accumulate  around 
them.  There  shall  be  at  least  one-half  inch  clearance  between  them. 
If  on  top  of  a  horizontal  surface,  they  shall  clear  the  surface  by  at  least 
three  inches. 

Flexible  Connections. 

761.  At  points  where  stationary  conduits  join  the  conduits  on  the 
moving  span,  flexible  connections  shall  be  installed.  The  flexible  connec- 
tions shall  be  connected  at  each  end  by  combination  couplings  to  junction 
boxes  with  slate  terminal  boards.  If  the  flexible  connections  arc  15 
feet  or  less  in  length,  the  wires  shall  be  in  flexible  metal  conduits;  if 
more  than  15  feet  in  length,  the  flexible  connections  shall  be  made  of 
built-up  cables  with  provision  for  carrying  the  weight  of  the  wires  and 
for  mechanical  protection  of  the  wires. 

Wires  to  be  Tagged. 

762.  Wires  shall  be  permanently  tagged  with  metal  tags  and  num- 
bered so  that  any  wire  may  be  traced  from  the  switchboard  to  the  motor 
or  to  the  source  of  power. 

Supply  Cables. 

763.  If  the  current  supply  is  obtained  from  more  than  one  source, 
the  cables  shall  be  separated  to  prevent  grounds  or  short  circuits  in  one- 
cable  from  injuring  the  remaining  cables.  Each  cable  shall  have  capacity 
to  carry  the  maximum  current  required  to  operate  the  bridge. 

Collector   Rings. 

764.  Collector  rings  shall  be  protected  from  weather  and  accumula- 
tion of  dirt  by  suitable  guards,  which  will  also  protect  workmen. 

T  Rail  Conductors. 

765.  In  vertical  lift  bridges,  the  current  shall  be  conveyed  to  the 
span  through  a  T  rail  weighing  not  less  than  five  pounds  a  foot  and 
having  a  copper  contact  strip.  Against  this  rail  a  sliding  shoe  shall  be 
pressed  by  a  spring  or  by  gravity. 

Submarine  Cables. 

766.  Submarine  cables  sli.ill  be  placed  .it  least  five  feet  below  the 
bed  of  the  navigable  channel.  The  current  and  voltage  for  which  the 
cable  is  to  be  used,  the  number  of  conductors  in  the  cable,  the  size  and 
number  of  strands  in  each  conductor,  the  length  of  (he  cable,  and  other 
data  special  to  the  location  shall  be  as  specified  bj  the  Company  Cor  cadi 
hi  idge. 

Indicators. 

767.  The  Contractoi    dull  furnish  and  install  in  tin  operator's  house, 
electric  light  indicators  which  will  shovy  to  the  operatoi   the  various  pod 
ti  m    "i  the  brii  ially  the  fullj  open,  entire!)  closed,  nearly  open, 
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and  nearly  closed  positions  of  the  bridge,  and  the  closed  and  open  posi- 
tions of  the  end  lifts,   rail  locks,  and  bridge  locks. 

Lighting. 

768.  A  complete  electric  lighting  system  shall  be  installed  for  the 
operator's  house,  stairways,  signals,  etc.  The  system  shall  be  designed  and 
proportioned  for  the  electric  lighting  service  available.  Wires  shall  be 
run  in  metal  conduits. 

In  the  operators  house,  there  shall  be  pendant  drop  cords  of  suitable 
length  with  cord  adjusters,  brass  key  sockets,  and  deep  cone  fire  enameled 
steel  shades.  For  exterior  lighting,  deep  bowl,  fire  enameled  steel  re- 
flectors and  weatherproof  sockets  shall  be  provided.  The  Company  will 
furnish  at  the  site  one  complete  set  of  lamps.  The  Contractor  shall  place 
them  in  the  lamp  sockets  and  shall  be  responsible  for  them  until  the 
acceptance  of  the  work  by  the  Engineer. 

Circuits. 

769.  Circuits  arc  classified  as  follows  : 

1.  Circuits  for  main  motors. 

2.  "     bridge  lock  or  end  lift  motors. 

3.  "     rail  lock  motors. 

4.  "     lighting. 

Class  4  is  divided  into  the  following  groups    for  lamps: 

a.  Lamps  for  operator's  house. 

b.  "     stairways,   walks,   etc. 

c.  "     machinery. 

d.  "     navigation  and  indicators. 

There  shall  be  an  independent  circuit  for  each  motor  and  each  group 
of  lamps.  Each  circuit  shall  lie  independent  of  the  other  circuits;  the 
use  of  a  common  return  wire  will  not  be  allowed.  Each  circuit  shall  Be 
protected  and  controlled  by  its  own  fuses  and  switches.  A  circuit  in 
three  phase  work  means  three  wires. 

Magnetic  Switches. 

770.  Where  magnetic  switches  are  used,  overload  relays,  electrically 
and  hand  reset,  shall  be  used  for  overload  protection.  Magnetic  switches 
shall  be  quick  acting,  with  magnetic  blow-outs  and  wiping  contacts  well 
shielded  to  prevent  arcing  between  the  switch  and  other  metal  parts 
near.  The  switches  shall  have  a  minimum  number  of  parts.  Series 
magnetic  switches  shall  not  be  used  to  break  a  current  on  opening. 

Shunt  Coils. 

771.  Tf  shunt  coils  are  used,  in  particular  with  brakes  and  magnetic 
switches,  the  insulation  shall  he  such  a-  to  withstand  the  induced  voltage 
Caused   by  cutting  off  the  current    without    the  aid   of   external    resistance. 

\s  a   further  precaution,   external    resistance  -hall   also  be  used,   in   par- 
ticular in  brakes. 
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8.      MATERIAL'S. 

a'.     Cctii  Steel. 
Cast  Steel. 

801.  Steel  for  castings  shall  conform  to  the  General  Specifications 
for  Steel  Railway  Bridges  of  the  American  Railway  Engineering  Asso- 
ciation, except  as' may  he  herein  modified. 

A  test  to  destruction  on  three  castings  selected  from  a  lot  may  he 
substituted  for  the  tensile  test,  in  the  case  of  small  or  unimportant  cast- 
ings. This  test  shall  show  the  material  to  lie  ductile,  free  from  injurious 
defects,  and  suitable  for  the  purpose  intended.  A  lot  shall  consist  of 
all  castings  from  the  same  melt  or  blow  annealed  in  the  same  furnace 
charge. 

Large  castings  shall  he  hammered  all  over  while  suspended.  Tf 
cracks,  flaws,  defects,  or  weaknesses  appear  after  such  treatment,  the 
casting  shall  he  rejected. 

h.     Forged  Steel. 
Forged    Steel. 

802.  Steel  for  forgings  shall  be  made  by  the  open  hearth  or  the 
crucible  process  and  shall  conform  to  the  following  chemical  require- 
ments : 

Phosphorus,    maximum    0.04  per  cent. 

Sulphur,   maximum    0.05  per  cent. 

An  analysis  shall  he  made  by  the  manufacturer  from  a  test  ingot  taken 
during  the  pouring  of  each  melt.  Check  analyses  may  be  made  by  the 
purchaser  from  drillings  taken  from,  (aj,  a  full-sized  prolongation  of  a 
forging  from  each  melt  at  a  point  midway  between  center  and  surface, 
or  (h),  turnings  from  a  test  specimen.  Both  analyses  shall  conform  to 
the    requirements    specified. 

803.  The   following  physical  properties  are   required: 
Ultimate  tensile  strength  in  lbs.  per  sq.  in.  550(H)  to  65000. 

Minimum  elongation,  per  cent,  in  1  in 20. 

Yield  point one-half  of  ultimate. 

The  tension  test  shall  lie  made  on  a  standard  turned  test  specimen, 
'j   inch   in   diameter   and   2  inches   in   gaged   length. 

X04.     \   specimen    1    inch   bj    '  •    inch,   shall   l>cnd   cold    ISO   degrees 

around    a    diameter    of    '   ■    inch    without    Cracking    on    the    outside    of    the 

Lend.     The  bending  may  be  effected  by  pressure  or  by  blows. 

805.      Forgings    shall    be     frci      from    cracks.     Haws,     -earn-,    and     othei 

injurious  defects. 

sod.     Forgings    shall    be    annealed.      Before   annealing,    the    forgings 
shall  be  allowed   to  bcconn    cold   after   forging,     Thej    shall  then   be  if 
heated   uniformlj    to   the   propei    temperature   .w\>\   allowed   to   cool    uni 
formly. 

807.  Physical  testa  of  forgings  shall  be  made  after  final  treatment. 
Each   annealing   charge    and   each   melt    shall   be   tested. 
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If  the  tests  do  not  show  the  required  physical  properties,  the  forc- 
ings may  be  reannealed,  but  not  more  than  three  times.  If  the  ten-inn 
specimen  shows  a  fracture  more  than  15  per  cent,  crystalline,  a  second 
test  shall  be  made.  If  the  second  fracture  is  more  than  15  per  cent, 
crystalline,  the  forgings  shall  be  reannealed. 

808.  Test  specimens  shall  be  cut  cold  from  the  forging  or  a  full- 
sized  prolongation  of  it.  For  forgings  with  large  ends  or  collars,  the 
test  specimen  shall  be  taken  from  a  prolongation  of  the  same  diameter 
or  cross  section  as  that  of  the  forging  back  of  the  large  end  or  collar. 
The  axis  of  the  specimen  shall  be  half-way  between  the  center  and  the 
outside,  or  for  hollow  forgings,  half-way  between  the  inner  and  outer 
surfaces.  The  length  of  the  specimen  shall  be  in  the  direction  of  the 
working  or  drawing  out  of  the  metal.  Marks  identifying  the  melt  and 
annealing  charge  shall  be  stamped  on  each  forging  and  on  each  test 
specimen  by  the  Inspector  before  the  specimen  is  cut. 

c.     Tool  Steel. 
Tool  Steel. 

809.  Tool  steel  shall  be  made  by  the  open-hearth  or  the  crucible 
process.     It  shall  conform  to  the  following  chemical  requirements : 

Carbon,   minimum    1 .00  per  cent. 

Phosphorus,   maximum    0.04      "       " 

Sulphur,  maximum    0.04     " 

Manganese,  maximum   0.50     " 

d.     Bronzes. 

810.  Phosphor  bronze  shall  be  a  homogeneous  alloy  of  crystalline 
structure.  It  shall  be  made  from  new  metals,  except  that  scrap  of  known 
composition  produced  by  the  foundry  at  which  the  bronze  is  cast  may 
be  used.  It  shall  not  contain  sulphur.  The  phosphorus  shall  be  intro- 
duced in  the  form  of  phosphor-tin  or  phosphor-copper.  Castings  shall 
be  sound,  clean,  and  free  from  blow-holes,  porous  places,  cracks,  and 
other  defects. 

811.  The  hardness  of  the  finished  castings  shall  be  tested  by  the 
Brinell  ball  method  and  a  record  of  the  test  furnished.  The  ball  shall 
be  of  hardened  steel  10  mm.  in  diameter.  The  load  shall  be  500  kg.  and 
shall  be  applied  for  30  seconds  to  a  finished  plane  surface.  At  least  two 
hardness  tests  shall  be  made  upon  each  heat.  A  test  shall  be  made  on 
each  trunnion  bearing  and  each  disc. 

812.  The  alloy  shall  be  cast  into  ingots  and  allowed  to  cool,  and 
the  castings  shall  be  poured  from  the  remelted  ingots.  Care  shall  be 
exercised  that  the  metal  is  not  overheated  and  that  the  temperature  at 
pouring   and   the   conditions   of   cooling  are   such    as    will   be   most   likely 

ire  dense  castings. 

813.  There  shall  be  four  grades. 

Grade  A    is   t"   In-   u^vd    for   contact    with   hardened    steel    discs   under 
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pressures  exceeding  1500  pounds  per  square  inch,  such  as  are  used  in 
turntables  and  center  bearing  swing  bridges. 

Grade  B  is  to  be  used  for  contact  with  soft  steel  at  low  speeds 
under  pressures  not  exceeding  1500  pounds  per  square  inch,  such  as 
trunnions  and  journals  of  bascule  and  lift  bridges. 

Grade  C  is  to  be  used  for  ordinary  machinery  bearings. 

Grade  D  is  to  be  used  for  gears,  worm  wheels,  nuts,  and  similar 
parts  which  are  subjected  to  other  than  compressive  stresses. 

814.  The  chemical  and  physical  qualities  shall  conform  with  the 
requirements  in  the   following   table: 


GRADE 

ALLOY  OF 

A 

B 

C 

D 

Copper 
and  tin 

Copper 

and  tin 

Copper,  tin 
and  lead 

Copper,  tin 
and  zinc 

Copper  per  cent 

82  max. 

82  max. 

20  max. 

17  max. 

11  max. 

11  max. 

11  max. 

2.25  max 

Phosphorus  per  cent 

1.0  max. 

1.0  max. 

1.0  max. 
0.7  min. 

0.25  max. 

Other  elements  per  cent 

0.5  max. 

0.5  max. 

0.5  max. 

0.5  max. 

Elastic    limit   in   compression,    pounds   per 

24000  min. 

18000  min. 

.06  min. 
.10  max. 

.10  min. 
.20  max. 

Permanent  set  in  inches  under  100,000  pounds 

Permanent  set  in  inches  under  50,000  pounds. 

To  bo 
recorded 

To  be 
recorded 

To  be 
recorded 

To  be 

recorded 

To  In- 

recorded 

33000  min. 

Cracks  or  other  evidence  of  excessive  brittleness  in  compression 
test  specimens  after  load  may  be  cause   for   rejection. 

The  chemical  analysis  of  each  heat  shall  be  furnished. 

815.  Test  specimens  shall  he  made  from  coupons  which  are  a  part 
<>f  the  casting  and  which  have  been  fed  and  cooled  under  the  s;unc  condi- 
tions as  the  casting. 

Compression  test  specimens  shall  be  cylinders  cm-  inch  high  and  of 
one  square  inch  area.  The  elastic  limit  in  compression  shall  he  the 
load  which  gives  a  permanenl  set  <>!'  0  001  inch. 

Tension  test  specimens  shall  be  tinned  from  a  coupon  not  fcss  than 
one  inch  in  diameter  to  tin-  form  shown  in  Fig.  J  of  the  American  Kail 
a.u    Engineering   Association   General    Specifications    foi    Steel    Railwaj 
Bridges.     The  diameter  of  the  turned  specimen  shall  be  one  half  inch. 
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816.  At  least  one  compression  test  shall  be  made  from  each  melt 
for  grades  A.  B,  and  C;  and  one  compression  and  one  tension  test  for 
grade  1).  For  castings  weighing  over  KH>  pound-,  finished,  the  pre- 
scribed   tests   shall  be   made-    for   each   casting. 

e.     Babbitt  Metal. 
Babbitt  Metal. 

N17.     Babbitt  metal  shall  be  of  the  following  composition: 

( !opper     3.6  per  cent 

Tin     89.3  per  cent. 

Antimony     7.1  per  cent. 

9.     Erection-. 
Protection  of  Parts. 

901.  Parts  which  are  protected  from  the  weather  in  the  finished 
-tincture  shall  be  protected  in  the  field  during  erection  by  housing  or 
equivalent  means.     This  applies  in  particular  to  electrical  parts. 

902.  Rubbing  surfaces  of  trunnion-  and  machinery  bearings  shall 
be  protected  by  metal  thimbles  packed   with   oil-soaked   waste. 

903.  Wire  ropes  shall  be  housed  and  stored  at  least  18  inches  above 
the  ground.  The  rope-  shall  be  kept  free  from  dirt,  cinders,  and  -and. 
During  erection,  the  ropes  shall  not  be  pulled  through  dirt,  or  bent  into 
sharp  angles  or  kinks. 

Lubrication. 

904.  The  Contractor,  during  erection,  in  particular  just  before  the 
final  test,  shall  lubricate  the  sliding  parts  and  fill  all  grease  cups.  The 
counterweight  ropes  and  the  operating  ropes  shall  be  given  two  coats 
of  dressing  with  an  interval  of  one  month  between  the  coats.  The  dress- 
ing shall  not  be  applied  in  an  atmospheric  temperature  below  40  de- 
crees ]•'. 

Channel   Lights. 

905.  During  erection,  or  in  taking  down  the  old  span,  the  Con- 
tractor shall  place  and  maintain  navigation  lights  and  signals,  in  ac- 
cordance with  the  Government  requirements,  for  the  protection  of  the 
falsework,  as  well   as   navigation. 

Erection    of    Machinery. 

906.  The    machinery    shall    be    erected    by    -killed    machinists.      Special 

care  shall  be  given  to  the  alinement  of  trunnion  bearings. 

Testing  of  Machinery. 

907.  Before  the   main   operating   machinery   is   connected    for   trans 
mitting  power,  it  shall  be  'ji\eii   either  a  continuous  idle  run  of  50  hour-, 
or  five  run-  each  of   10  hours'  duration.     Am    defects   shall  be  remedied. 
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The  bridge  shall  be  operated  to  the  full}'  closed  and  to  the  fully 
open  position  in  the  normal  time  of  opening  at  least  10  times  before  it  is 
put  into  service. 

Bridge  Operator. 

908.  After  a  power-operated  structure  lias  been  tested  and  ac- 
cepted, the  Contractor  shall  provide,  at  his  own  expense,  a  competent  man 
to  operate  the  bridge  for  a  period  of  sixty  days.  This  operator  shall 
instruct  the  employees  of  the  Company  in  the  operation  of  the   bridge. 
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Articles 

Acceleration     105 

Air  brakes     706,   <38 

Air  buffers     304,  527 

Air  compressors    707,  738 

Air  cooling  engines   715 

Air  tanks    707,  738 

Alining  and  locking  mechanism.  .203 

Alternating  current  motors   727 

Alternating  motion   613 

American    Institute    of    Electrical 
Engineers,  Standardization 

Rules    717,  726 

American    Society    of    Mechanical 

Engineers,   Boiler   Code 710 

Ammeter   745 

Assembling  506,  507,  522 

Assembly  drawing  of  machinery.  104 
Automatic  circuit  breaker  ...747,  752 

Automatic  control    705,  736 

Automatic  cut-off    743 

Automatic  stops  743 

Auxiliary   power    204 

Babbitt    metal    209,  512,  817 

Balance   wheels    313 

Balancing   chains    113,  202,  209 

Bearing  points  on  rim  girders 212 

Fearing  pressures    612-614 

Bearings    318-321 

Cast    iron 320 

Clearance   320,  512 

Dust  covers   323 

Finish     512,  513 

Foot   step    327 

Grooves    322,  525 

Lining    209,  320 

Location  318 

Lubrication     322 

Template    52*1 

Workmanship     512,  513 

Bending  stress  in  wire  ropes. 616,  617 

Bends   in    conduits 760 

Bevel  gears   329,  330,  515 

Boiler  code  710 

Boiler    feed     pump     713 

Boilers   710,  711 

Boilers  and  tanks,  definition 113 

Bolt  heads    340 

Bolt  holes     521,  526 

Bolts,    turned    319,  521,  526 

Bracket  for  main  pinion  bearings. 321 

Brake  housing    742 

Brake  test    704 

Brakes    610,   706,   737,  738 

Braking  capacity   610 

Braking  dynamic   726 

Braking  stresses    610 

Brass,   used    209 

Bridge  locks,   hand  operation 203 

Bridge  operator    908 

Brinell    ball    test 811 

Bronze   209,  611 

Bronzes    810-816 

Buffers,  air   304,  527 

Built  sheaves    346 

Cables    763,  766 

Cams  sr. 

Castings,    workmanship    520 

Cast  iron    209,  611 

Cast   iron  bearings    320 

ion  in   electrical   parts 757 
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Cast  steel  209,  611,  801 

Center  bearing  bridges 211 

Center  castings    505 

Centering  devices   303 

Center  of  gravity   106 

Center  panel   shear    214 

Center  pivots    312 

Centers,  assembling   506,  507 

Center,    style    of 210 

Center  truss  panel   214 

Center  wedges    605 

Channel   lights    905 

Check    nuts    319 

Chipping   strips    520 

Circuit  breakers   747,  752 

Circuits    769 

Classification  for  payment    112 

Classification  of  parts 112 

Coal  bin    713 

Coal  hoist    713 

Codes: 

Boiler  A.    S.   M.   E 710 

National  Electric   71 7 

National  Electric  Safety   717 

Coefficients: 

Braking    61 0 

Friction    60S 

Machinery  losses    609 

Machinery  resistances  60S 

Wire  rope   friction 343 

Coils,    wire    rope 413 

Cold    rolled    shafts 20r> 

Collar   friction    608 

Collars    324,    325,  613 

Collector    rings    76 1 

Combined  bearings   212,  213 

Common   return   wire 769 

Company: 
Furnishes   deck   and   track   ma- 
terial     113 

Specifies  time  of  opening 103 

Furnishes    and    installs    railway 

signal  system    108 

Furnishes   warning  lights 109 

Stipulates  kind  of  power 701 

Furnishes   lamps    768 

Compressed   air  starter 714 

Compressor,   air   707,  738 

Concrete    113,  309 

Conductors,    T-rail    765 

Conduits    760 

Contact  areas   751 

Contactors     735 

Contacts    736,  7.".". 

Contractor: 
Responsible  for  complete  instal- 
lation   of   superstructure 102 

Furnishes    and    erects    structure 

ready  for  application  of  power.  102 
Furnishes     outline     drawing     of 
machinery,  assembly  drawing. 

and   detail    drawings 104 

Furnishes   torque  curves 106 

Computes   location   of  center   of 

gravity    106 

Furnishes  and  builds  machinery 

house  107 

Furnishes  and  installs  devices 
for  interlocking  bridge  ma- 
chinery     108 
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Makes    provision    for    installing 

warning  lights    109 

Furnishes  wrenches  110 

Furnishes    spare   parts 730 

Places  lamps   in   sockets 768 

Remedies   defects    Ill 

Control,  automatic  and  remote.... 

735,  736 

Control  of  motors 735 

Controller    equipment    736 

Controllers    731-734 

Cooling    internal    combustion    en- 
gines  715 

Countershafts    729 

Counterweight,   amount    202 

Counterweight  ropes    307,  344 

Counterweights : 

Adjustable    306 

Center  of  gravity 106 

Divided   307 

Metal   in    113 

Pockets   in    308 

Concrete   in    309 

Couplings    328,  510 

Covering  pipes    712 

Covers: 

Dust  and   gear 323 

Metal   756 

Sheave   rim    323 

Crane   hooks    209 

Crank  pins   613 

Cut-offs    743 

Cylinders    209,  738 

Deck    113 

Defects   Ill 

Definition  of  classes 113 

Details    of   design 301-347 

Diameter  of  sheaves 310 

Direct   current   motors 726 

Disc  bearings    311 

Disc  centers,  assembled  506 

Discs 209,   311,   506,  608 

Drainage  holes    347 

Drawings  of  machinery 104 

Drums,  attachment  of  ropes 343 

Duplication  of  machinery   parts.. 104 

Dust  covers    323 

Dynamic    braking    726 


Eccentrics    209 

Efficiency  of  gearing 609 

Electric  horn   706 

Electric  lighting    768 

1-Tlectric  power  equipment 717-771 

Electrical  control  705 

Electrical   equipment    113,  717 

Protection    7 

Size  Of  parts 

.  ..  .720,  721,  784,  750,  751,  752,  75s 

Speclfica  I  inn.s    717 

Testa 719,   720,   728,   726,  727 

w  orklng   plans   721 

Emergency  brake  706,  739-741 

Emergency  switches    74s 

End  bearings     fiOr. 

End    Hornbeams    602 

Ond  lift    :ior. 

M  i.  iiillerv     go 

R<  acl  Ions    

End  sIkms     

End  ties  co:t 

Engine  room  appliam  e 713 

■    room   equipment    713 

leer        i  lit  <[  III  i  II  <  I 
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Engines: 

Definition     113 

Gasoline    714-710 

Rating    704 

Steam    708 

Equalizing  devices    332 

Equalizing  gears    332 

Equalizing  levers    34S,    414.  52?. 

Erection   901-906 

Excess  loads   619 

Extra  parts    730 

Feeder  protection    749 

Feed    pump    71:: 

Fillets    in    shafts,    trunnions    and 

journals    508,  509 

Flexible   connections    761 

Floor   surface    607 

Fly  wheels    209 

Foot  brakes    706 

Foot  step  bearings    327.  613 

Forged   steel    802-80S 

Annealing    S06 

Chemical  requirements  802 

Physical  qualities    S03 

Test  pieces  803,  804,  80S 

Tests    S07 

Unit  stresses  61 1 

Used   209.  414 

Forgings    802-S0S 

Friction: 

Clutches    708,  714 

Coefficients    60S 

Rollers    209 

On  guides   60S 

Sliding   608,  609 

Wire  rope  343 

Fuel  tank    714 

Fuses    747,  752 


Gasoline  engines   714-716 

Gear  case    729 

Gear  covers     323,  729 

Gears: 

Beveled    329,    330,  515 

Efficiency     609 

Equalizing  332 

Material    809,  72'.' 

Motor   72:1,  730 

Pitch    circle    329,  514 

Shrouded   51G 

Worm    :::::: 

Gear  teeth 329 

Cut   .331 

Cutting  515 

Dimensions   3B9 

Forces    acting    10 1,   890 

Machine  molded   330,  517 

Pitch   

Strength    of    ::::n 

Type    829 

1  'nit    stresses    ::::n 

Gear    wheels,    workmanship .",11 

General    features    of   design. .  .•801-214 
' Hrders: 
Planing  501 

Segmental     11;:.    ::  ] 

Track    ::i  . 

On  ■  e  cup     

1  Jr.ase  dints    

<'•>■  322,  525 

Grooves  

1  Iround  conned  en-      

1  Ireund  detector    

1  luai  .mi  ee    111. 

1  luai  da,  safel  \    

de  .    friction    
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I Tand  brakes 706 

Hand  operation    204 

I  land  power   102 

Hand  railings    208 

Hangers    209 

Hardening  tool  .steel 209 

Heating  apparatus   207 

Holes: 

I  drainage    347 

In  large  journals 509 

For  main  sheave  bearings 526 

Horn,    electric    707 

Horsepower   of   boilers 711 

Houses    '. 107 

Houses  for  machinery  and  opera- 
tors  113,   207 

Housing     728,   742 

Hubs     339,  511 

Ice  load   807 

ignition    716 

Impact    602,  611,  621 

Indicators    713.  714.   767 

Inductive    effects    749,760 

Injectors    713 

Insulation      206,  717 

Interlocking    108,  205 

Interlocks,    automatic   control 736 

Internal   combustion  engines i .714-716 

Journal  bearings,   construction   ...319 

Journal  friction    6fJ9 

Journals: 

Bearing   unit    stresses 612,  61?. 

Finish    509 

Length    318 

Lubrication    322,   904 

Workmanship    509 

Junction   boxes    756,  760 


Keys   

Keys  and   key  ways. 
Knife  switch 


..336.  337.  611 
.  .336-338,  519 
736 


Ladders    208 

Laminated    switches    750 

Lamps     768 

Large   sheaves,    definition 113 

Lighting,    electric    768,769 

Lightning  arresters    749 

Lights,  channel  and  warning. 109,   905 

Limit    switches    743 

Linings 209,  320,   509.  512 

Loads,    unit    stresses    and   propor- 
tioning of  parts 601-621 

Locking  devices    203.   303 

Lock  nuts    340 

Locks,    bridge   and   rail 203,   301 

Losses,    machinery    609 

Lubrication    ' 322.    402.904 

Machine  molded   teeth 330,  ."17 

Machim 

Adjustment 316 

Assembling    522 

Braking   stresses    61  o 

I  lefinition  113 

I  'esion     316 

Drainage  holes   347 

l  drawings  104 

Emergency    brakes 706,   739-741 

Excess  loads    619 

i'"a  stenlnc  to  floor 207 

Finish    of    rubbing    and    hearing 
surfaces    513 

i  iuarantee    Ill,  703 

Hand   operating   204 
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House   107,   207 

Impact    611.  621 

Location     317 

Losses    609 

Resistances  60s 

Safety    guards    34.'. 

Stresses   611 

Tests     703,   704 

Torque   curves    10." 

Unit    stresses    611 

Wind   pressure 607 

Machines,    manufactured    types... 703 

Magnetic  blow-out     750.  770 

Magnetic  switches    770 

Main  pinion    shaft   bearings 321 

Main   sheave       bearings.       holes 

drilled    526 

Man    power    702 

Manual  control    705 

Masonry    plates    314 

Master  controller     736 

Master  lever    10S 

Matchmarking   machinery   parts. .522 

Materials    209.    801-817 

Met  a  1  covers    766 

Metal    in    counterweights,     defini- 
tion      113 

Metal    tags   on   wires 762 

Meters  74.", 

Motor  pinion  and  gear 729 

Motors    718.   719,    722-729 

Automatic    control     736 

Brake    test    704 

Capacity     701 

Control' 731-736 

Definition   701 

Name    of   manufacturer 701 

Number   of    722 

Rating   704 

Spare    parts    730 

Speed    725 

Temperature   rise   726.   727 

Tests 703.    704,    719.    723 

Torque     704.   724 

Weather  protection    728' 

Moving  span: 

Area   exposed   to  wind 607 

Center  of  gravity 106 

Ice  on   floor 607 

Impact     602 

Reactions     605 

Seating   devices    303 

Time   for   opening 103 

Wind  on   floor   607 

Wind   pressure     607 

National  Electric  Code    717 

National  Electric  Safety   Code    ...717 

Navigation    lights    109 

Nickel    steel,   unit    stresses 611 

Nuts: 

Bearing    340 

Check     319 

Locking    340 

Material    209 

Oil   cups    324 

Oil  grooves   322 

Oil  tempering     209,   506 

Operating  machinery    316,  317 

Operating  ropes    343 

Operator   for   bridge 906 

Operator's  house   107 

Overload    relays    736,  752 
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Parts,    classification   of 112 

Patterns  104 

Payment,    classification    for 112 

Phase   failure   device 753 

Phases,   electrical 752.    753,  7R0 

Phosphor-bronze 209,  611,   810-816 

Pin    connected    trusses 201 

Pinions    209,  51 6 

Pins,    material    200 

Pipe  covering   712 

Pistons,  material   209 

Pitch   circle 329,    330,    331,  514 

Pivot  bearings    613 

Pivots    312,  505,  612 

Plans 102,    104,    105,   106,  721 

Planing  girders    501 

Plow   steel  wires 404 

Pockets  in  counterweights 308 

Power   equipment    701-771 

Power,   kind  used 701 

Pressure    on    rollers 614 

Pressures,    bearing    612.  61 3 

Prime  mover   701 

Proportioning  of  parts 601-621 

Proposals     and     general     require- 
ments     101-113 

Protection: 

Of  contacts     755 

Of  parts    durina:    erection ..  .901-903 

Pulleys 511 

Pumps    113.   7i)?. 

Rack  and    track    314,  502 

Rack  pinion   shaft  bearings 321 

Rack  segments    314,  502 

Radial  girders    213 

Radial   struts    <14 

Rail    end    connections 301 

Railings    208 

Rail  locks     203,  301 

Rails   118,  301 

Reactions,  end  lift 605 

Remote  control    735,  736 

Resistances: 

Controller    734 

Machinery    608 

Responsibility    1 02 

Retardation    1  or, 

Reversal  of  stress 604,   611.  618 

Rheostatic   units    734 

Rim  bearing  bridges    212 

Rim  girders    302 

Riveted    connections    604 

Rolled  steel    209,  414,   6]  1 

Rollers    504,  606.  614 

Rolling    friction    608 

Ropes,      operating     and      counter- 
weight     343.   344 

Rubbing  surfaces  618,  902 

Rules,  standardization. ..717,  726,  727 

Saddle   keys    336 

Safety   guards    

Scope  of  specifications 101 

Screw   gearing    388 

Screws    200.    :;::::.  612 

Seal  ing  &e\  Ice  -    303 

Segmental  girders  315.  501 

Seps  rator,  .  i  ea  m   709 

Serli         ■  '  >  i    ■       

3et  screw       18,  341 

Shafts    824.  618 

'  'nll.irs      

i  lounter    729 

Couplings  - 32s 
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Articles 

Forces    acting    104 

Footstep  bearings    327 

Formula    324,   618 

Keyways   in    618 

Length     324.  328 

Material   used    209 

Minimum  size    324 

Moments    104 

Proportioning    618 

Speed    324.   729 

Support    324.   328 

Shear  in  center  truss  panel 214 

Sheaves: 

Bearings     526 

Built    346 

Diameter  of   310 

Grooves    524 

Housing    323 

Large,   definition    113 

Rims    346 

Shoe,   sliding    765 

Short   circuiting   of   track   signals. .206 

Shrouded    pinions    516 

Shunt    coils    737.   771 

Signal    system    108,   205 

Sliding  friction     60S.   600 

Sliding  shoe    765 

Sliding  surfaces    608 

Specially   fabricated    rails 113 

Sockets,    wire    rope 405,  409 

Solenoids    719,    737.   7"!0 

Spare   parts    730 

Specifications: 
Steel  railroad  bridges.  .101,  611.   801 

Electric  wires  and  cables 717 

Concrete     309 

Speed: 

Gasoline  engines    714 

Motors 725 

Steam   engines    708 

Splices: 

In  electric  wires    759 

Tn  wire   rope    403 

Springs   334 

Spring  switches    743 

Square    threads    333 

Stacks    for    boilers 710 

Stairways     208 

Standardization   rules.  ..  .717,  726,  727 

Starting  friction     105,   60S 

Starting  torque   724 

Steam: 

Boilers    710,  711 

Engines    708 

Feed    pumps    713 

Power   equipment    708-713 

Separator     709 

Steel  castings    801 

Steel  forgings    802 -80s 

Step    bearings    827,   613 

Stiffness   in    w  ire  ropes 60S 

SI randed    wires    

Stresses: 

iii  machlnei  j    pa rts    fill 

in  si ructural  parts  fii  i 

in  swing  Dcldgea  601 

Reversed   604,  611,  618 

Structural  parts,  proportioning  of  >'.ii 
Structural    Bteel    11 

Stud     holts      

Style  of  center 2H> 

Submarini    i  ibli 

Supply  cables    

bridges   

s«  Itchboai  <i       

Switches  o    ttm 
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Articles 

Tanks 118,    707,    713,  738 

Tap    bolts    342 

Temperature  rise    720,   "26,  727 

Tests: 

Of  electrical  equipment    

719,    720,    723.    726,  727 

Of  machinery    703.   704 

Of  wire  ropes    407-411 

Thimbles  to  protect  trunnions.  ..  .902 

Thrust  bearings   325 

Thrust,  longitudinal    326 

Ties  at  ends  of  spans 603 

Timber  deck   and  track,  definition.  113 

Timber  walks,   definition    113 

Time   of  opening 103 

Tool    steel    209,   809 

Toothed  segments  of  rack 502 

Torque   105.   701.  724 

Tower,  access  from  moving  span. 208 
Track    girders    315,  501 

Track: 

Insulation    206 

Material   113 

Signals,    short   circuiting 206 

Swing  bridges    314.  502 

T-rail   conductors    765 

Tread  plates,  workmanship 503 

Trunnions: 

Bearing  pressure   612 

Fillets    5 OR 

Finish    509 

Friction 60S 

Grooves    322.   525 

Holes   in    509 

Impact     621 

Keys    337 

Keyways  in    618 

length    31 8 

Material    209 

Protection    902 

Rotating     337 

Turned  bolts    319.   521,  526 

Types  of  bridges 201 

Unbalanced   wind  load 607 

Unclassified  parts  112 

Uncut  teeth  machine  molded. 331.   517 

Unit  stresses    611 

Unit  stresses  and  proportioning  of 

parts    601-621 

Unit   stress,    wire   ropes 615 

Voltmeter    745 


Articles 

Walks     113,    208 

Warning  lights   109 

Water  lifters    713 

Water  tank    713 

Watt -hour    meter    745 

Weather  protection   of  motors. ..  .728 

Wedges    605,  612 

Wedge    supports    605 

Weight  bills  106 

Wheels     313,  326 

Whistle     707 

Wind    load    607 

Wire  rope  attachments,  definition  .113 

Wire  rope  formulas     616,  617 

Wire  rope  manufacturer    401 

Wire  ropes: 

And    attachments    401-414 

Bending   stresses    616.  617 

Coils 413 

Definition     113 

Deviation  from  vertical 344 

Formulas    616,  617 

Friction    343 

Housing    903 

Impact     621 

Laying    402 

Length   tagged    Hi 

Lubrication    W2,  90  I 

One   piece    10:', 

Properties    of   wire 406 

Rejection    40.R 

Shipment    413 

Sizes    of    wires 404 

Splicing     403 

Stiffness     60? 

Strength     407 

Stress    615 

Tests    : 407-411 

Unwinding    413 

Wire  rope  sockets 405.  409 

Wires,   electric   758 

Capacity     720 

In  conduits,  area 760 

Insulation    717 

Size    758 

Specifications     717 

Splices     759 

Stranded    758 

Tagged    762 

Wires    for    wire    ropes 404,  406 

Working  plans  of  electrical  equip- 
ment     721 

Workmanship     501r527 

Worm  and   screw   gearing 333 

Worm  gearing  losses  609 

Worm  wheels    209.    333.   518 

Wrenches     110 
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Appendix   E. 

STRESSES   IN   WIRE  ROPES. 

Discussion  of  the  Report  of  Committee  XV". 

By  Dr.  J.  A.  L.  Waddell,  Consulting  Engineer. 

Wire  ropes  are  used  in  movable  bridges  for  two  decidedly  different 
classes  of  service : 

(a)  Suspending  Ropes   for   Counterweights. 

(b)  Operating  Ropes. 

The  counterweight  ropes  are  practically  a  part  of  the  permanent 
structural  work  of  the  bridge.  As  their  replacement  is  somewhat  diffi- 
cult, at  least  for  large  and  important  structures,  they  should  be  so 
designed  as  to  have  a  long  life ;  and  as  the  consequence  of  breakage 
might  be  very  serious,  they  should  have  a  large  margin  of  safety.  The 
operating  ropes,  on  the  other  hand,  are  strictly  a  portion  of  the  machin- 
ery equipment.  Since  they  can  be  replaced  with  comparative  ease,  long 
life  is  not  so  essential  in  their  case.  Also,  for  vertical  lift  spans — with 
which  type  of  span  they  arc  mostly  used — they  do  not  need  an  unusually 
large  margin  of  safety,  as  a  Failure  would  do  comparatively  little 
damage. 

Wire  ropes  are  subjected  to  two  main  kinds  of  stresses:  direct 
stresses,  and  bending  stresses  due  to  passing  over  sheaves  or  drums. 
Direct  stresses  have  little  effect  on  the  life  of  a  rope,  provided  that  the 
ratio  of  the  ultimate  strength  to  the  direct  stress  exceeds  four;  although, 
of  course,  the  larger  the  safety  factor  the  smaller  is  the  danger  of  a 
badly  worn  rope's  breaking.  The  bending  stresses,  on  the  other  hand, 
determine  directly  the  life  of  the  rope.  The  failure  of  a  rope  from 
this  cause  is  a  verj  gradual  one,  individual  wires  snapping  one  by  one 
over  a  considerable  period  of  time,  until  the  strength  of  the  rope  is  so 
much  reduced  that  the  direct  stress  causes  the  remaining  wires  to 
break.  Abrasion  of  the  wires,  due  to  wear  on  the  sheas  es  and  nibbing 
on  each  other,  is  a  contributing  cause.  Since  the  failure  due  to  bending 
is   thus   a   very  slow   one,    then    is    huh    danger   of    the   complete  breakage 

of  a  rope  which  receives  a  reasonahle  amount  of  inspection,  provided  the 
safety  factor  as  regards  direct  stress  exceeds  four.  In  conservative 
Commercial  usage,  which  assumes  that  inspection  is  regular  and  that 
replacement  is  a  simple  matter,  the  ratio  of  ultimate  strength  to  the 
static  direct  load  lias  usually  ranged  from  live  to  ten,  the  smaller  value 
being  used  when  stresses  due  t"  acceleration,  impact,  and  shock  are 
small,   and   tin    latter   when   the\    are   ver\    large;    while  the   ratio  of   sheaVI 

diameiei  t<>  rope  diametei   has  been  made  large  enough  to  insure  a  safe 
hie  ol  two  or  three  years.     l"i  6ji  l''  steel  hoisting  ropes,  the  value  k^ 
this  lattei   ratio  has  usually   ranged   From  32  to  -is,  with  values  ,.i 
more   for  high   speed   rope  drives  in  constant   service      The   reason    foi 
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the  large  ratios  with  the  high  speed  work  is  apparent;  for  if  such  a 
rope,  is  to  last  for  two  or  three  years  in  spite  of  the  large  number  of 
bends  that  it  makes,  the  bending  effect  must  be  kept  quite  small. 

In  ordinary  practice  in  the  past  little  attention  has  been  paid  to  the 
actual  maximum  unit  stresses  in  ropes,  for  proper  consideration  of  the 
safety  factor  as  regards  direct  stress  and  of  the  ratio  of  sheave  diam- 
eter to  rope  diameter  has  been  found  to  insure  safe  and  satisfactory 
service.  Many  of  the  best  wire  rope  engineers  have  followed  these 
designing  methods.  It  hardly  appears  logical,  however,  to  fail  to  take 
into  account  the  maximum  unit  stresses,  and  modern  rope  design  is 
considering  it  more  and  more.  A  serious  difficulty  has  been  the  uncer- 
tainty as  to  the  bending  unit  stresses,  which,  obviously,  cannot  be 
measured  directly.  By  far  the  best  contribution  to  this  subject  is  a 
paper,  "The  Stress  in  Wire  Rope  Due  to  Bending,"  by  R.  W.  Chapman, 
published  originally  in  the  1908  Proc.  Australian  Inst,  of  Mining  En- 
gineers, and  reprinted  in  October,  1908,  in  the  Engineering  Review  of 
London.  In  this  paper  Mr.  Chapman  discusses  several  proposed  for- 
mulas and  points  out  their  inconsistencies,  and  then  proceeds  to  develop 
a  formula  which  appears  to  be  mathematically  correct.  He  also  checked 
his  results  to  a  certain  extent  by  experiment.  Mr.  Chapman  assumes 
the  individual  wires  to  bend  separately,  and  takes  into  account  the 
angles  of  lay  of  the  helical  wires  in  each  strand  and  of  the  helical  strand- 
in   the  rope.     His  formula  is: 

'—  Ed  cos2L  cos'B  ,  jn  which 


b  D 

=  unit  stress  due  to  bending. 


b 

E  =  Coefficient  of  elasticity  of  the  metal, 

=  28,500,000  for  iron  or  steel  ropes, 
d  =  Diameter  of  largest  individual  wire, 
I )  =  Diameter  of  sheave, 

L  =  angle  of  lay  of  helical  wire  in  the  strand, 
B  =  angle  of  lay  of  helical  strand  in  the  rope. 

Consider  now  the  6x19  hoisting  rope,  which  is  the  only  form  of 
rope  permitted  by  the  specifications.  The  average  angle  of  lay  of  the 
helical  strands  in  the  rope  is  about  19°  for  which  the  square  of  the 
cosine  is  0.89.  For  the  helical  wires,  the  angle  of  lay  of  the  central 
wire  is  0 ",  with  a  cosine  squared  of  1.00:  that  of  the  first  row  of  wire- 
is  about  9°-30',  with  a  cosine  squared  of  0.97:  and  that  of  the  outer 
row  of  wires  is  about  18°-30',  with  a  cosine  squared  of  0.9.  There  are 
two  ordinary  forms  of  rope  construction.  In  the  standard  one-size-wire 
construction;  the  diameter  of  each  wire  is  about  1/15  of  the  diameter  of 
the  rope;  in  the  Warrington  lay  rope,  the  central  wire  and  the  row  of 
0  wires  surrounding  it  are  each  1/15  of  the  rope  diameter;  while  the 
twelve  wires  in  the  outer  row   are  alternatively  large  and  small,  the  diam- 
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St'.;. 


eter  of  the  larger  wires  being  about  1/13.2  of  the  rope  diameter,  and  that 
of  the  smaller  wires  about  1/18.5  of  the  rope  diameter.  Letting  the 
diameter  of  the  rope  be  C,  we  have,  on  substituting  in  Mr.  Chapman's 
formula : 


One-size-wire  construction  : 
Center  wire  of  strand 

28500000  X  C  X  0-89  _  1900000  _  x  0  89  _  1690000  — 
b  15D  D  D 

First  row  of  wires 

C  C 

1900000  X  —  X  0.89  X  0.97  =  1640000  - 

D  D 


VVll  t 

ft 

row  c 


Outer  row  of  wires 


£ 


c  c 

1900000  X  —  X  0.89  X  0.9  =  1520000  — 


D 


Warrington  Lay : 

Center  wire  of  strand 

First  row  of  wires 


1690000 


=  1640000 


Large  wires  in  outer  row 

"*_  28500000  X  C  X 
b 


wiie: 


X0.9 


13.2  D 


C 

1730000  — 

D 


As  an  average  value  applicable  to  the  different  types  of  rope  and  the 
different  wires  in  the  rope,  we  can  use 


fi 


—  1700000—. 
b  D 

C 

The  metallic   area  ol    the  one-size-wire  rope,  since  d  =  — ,  is  0.398C 

IS 
or   say  0.4C2.     The  area  of  the  Warrington   lay   rope  is  practically   the 
same  as  that  of  the  one-size-wire  rope. 

The  actual  areas  ol  wire  ropes  do  not  follow  exactly  any  regular 
law  and  there  is  more  or  less  variation  among  different  maauf actuxers ; 
hut  the  value  of  0.4C2  gives  good  average  values,  and  accordingly  has 
been  adopted  for  the  specifications.  In  determining  the  table  of  total 
ultimate  strengths  and  unit  ultimate  strengths  for  the  specifications,  a 
regularly  decreasing  series  ,,f  unit  stresses  was  selected,  by  trial,  so  as 
to  give,  when  multiplied  bj  the  areas  o  ■)<-'.  values  which  would  agree 
as  closely  as  possible  with  the  ultimate  strengths  given  in  the  menu 
facturers'  handbooks  for  standard  plow  steel  hoisting  ropes  Each  of 
the  large  manufacturer!  makes  als,,  an  extra  strong  plow-steel  rope,  but 
it  was  thought  besi  to  consider  onlj  the  standard  plow  steel  ropes  in 
the  specifications. 

in  determining   th<    jaferj    Factoi    a     regards  the  direct   streea  plus 
bending  stress,  it  is  necessary,  of  course,  to  consider  the  ordinan   com 
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mercial  practice  previously  mentioned.  For  a  6  x  19  standard  plow  -steel 
rope,  with  a  safety  factor  of  five  as  regards  direct  stress  only,  the 
safety  factor  as  regards  direct  stress  plus  bending  stress  is  about  2 
for  a  ratio  of  32  for  sheave  diameter  to  rope  diameter,  2.5  for  a  ratio 
of  48,  and  2.8  for  a  ratio  of  60.  With  a  safety  factor  of  six  as  regards 
direct  stress  only,  which  represents  very  conservative  practice  when 
there  is  no  great  amount  of  shock,  the  corresponding  values  are  2.2,  2.8, 
and  3.1.  A  sheave  ratio  of  only  32  is  too  small  for  first-class  work,  and 
eliminating  those  values,  the  safety  factors  are  from  2.5  to  3.1.  Evi- 
dently, therefore,  a  safety  factor  of  3  as  regards  direct  stress  plus 
bending  stress  will  be  quite  conservative,  and  will  insure  that  the  rope 
will  be  safe  and  will  have  a  long  life  even  for  such  steady  service 
as  elevator  or  mine  hoisting  work.  In  the  specifications,  this  value  has 
been  adopted  for  the  operating  ropes ;  and  in  order  to  prevent  the 
possible  use  of  small  sheaves  or  drums,  it  is  provided  that  the  ratio  of 
sheave  diameter  to  rope  diameter  shall  not  be  less  than  45.  Operating 
ropes  thus  designed  will  evidently  last  for  many  years,  even  under  very 
heavy  service,  as  no  bridge  will  receive  anything  like  as  many  opera- 
tions per  day  as  will  an  elevator. 

Counterweight  ropes,  if  designed  under  the  specifications  for  the 
operating  ropes,  would  probably  wear  -out  after  a  good  many  years 
service,  and  thus  need  renewal.  While  there  would  be  no  real  danger 
from  this  cause,  because  of  the  gradual  nature  of  the  failure  of  ropes, 
it  nevertheless  would  indicate  that  the  factor  of  safety  was  rather  small. 
In  view  of  this  fact,  the  Committee  has  decided  to  make  the  factor  of 
safety  as  regards  direct  plus  bending  stress  5,  and  to  require  that  the 
sheave  diameter  shall  be  at  least  80  times  the  rope  diameter,  and  prefer- 
ably not  less  than  90  times.  These  requirements  may  appear  somwhat 
excessive,  in  view  of  ordinary  practice;  but  the  Committee  has  pre- 
ferred to  err  on  the  side  of  safety,  especially  as  the  total  cost  of  a 
movable  span   will  not  be  increased  unduly  thereby. 

The  most  important  use  of  wire  rope  for  movable  bridges  has  been 
in  the  cable  type  of  vertical  lift  bridge,  of  which  a  large  number  have 
been  designed.  Table  1  shows  the  safety  factors  and  ratios  of  sheave 
diameters  to  rope  diameters  for  the  counterweight  and  operating  ropes 
of  a  number  of  these  structures. 

The  only  structure  in  this  list  which  has  been  in  service  long  enough 
to  give  conclusive  evidence  concerning  the  rope--  is  the  Malsted  Street 
Bridge,  which  is  now  about  24  years  old,  and  which  has  been  operated 
s..me  3000  times  per  year.  The  original  counterweight  ropes  are  still 
in  use,  and  are  in  good  condition.  From  this  structure  it  is  apparent 
that  the  proposed  wire-rope-specifications  for  counterweight  ropes  are 
sufficiently  conservative, 
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The  writer,  from  his  experience,  believes  that  his  past  practice  in 
wire  rope  design  has  been  conservative  enough.  He  considers  that  the 
following  requirements   would   certainly   be   sufficiently   severe : 


Counterweight  Ropes  : 
lUtimate  Strength 

Direct  Stress 
Ultimate  Strength 


Total  Stress 
Sheave  Diameter 


7  to  8. 


=  3.5  to  4. 


Rope  Diameter 
Operating  Ropes : 

Ultimate  Strength 

Direct  Stress 
Ultimate  Strength 

Total  Stress 
Sheave  Diameter 
Rope  Diameter 


=  60  to 


5  to  6. 

2.5  to  3. 
40  to  48. 


The  first  values  are  to  be  used  for  ordinary  structures  which  arc 
not  operated  a  great  deal,  while  the  latter  apply  for  important  struc- 
tures  which  open  very    frequently. 
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To  the  American  Railway  Engineering  Association: 

The  Special  Committee  on  Stresses  in  Track  herewith  presents  a 
progress  report. 

(I)     INTRODUCTION. 

1.  Preliminary. — The  Committee  was  formed  by  action  of  the  Board 
of  Direction  November  20,  1913.  A  similar  committee,  the  Special  Com- 
mittee to  Report  on  Stresses  in  Railroad  Track,  was  created  by  the 
Board  of  Direction  of  the  American  Society  of  Civil  Engineers  November 
12,  1913.  In  each  case  authority  was  given  to  co-operate  with  the  Com- 
mittee of  the  other  Society.  The  Committee  of  the  American  Railway 
Engineering  Association  is  identical  with  that  of  the  Special  Committee 
of  the  American  Society  of  Civil  Engineers,  except  that  it  contains  five 
members  who  do  not  hold  membership  in  the  American  Society  of  Civil 
Engineers  and  are  not  on  the  Committee  of  that  Society.  The  Com- 
mittee of  the  American  Society  of  Civil  Engineers  and  that  of  the  Amer- 
ican Railway  Engineering  Association,  under  the  authorization  given, 
have  in  effect  carried  on  their  work  as  a  single  committee.  This  report 
is  presented  simultaneously  to  the  two  Societies. 

The  Board  of  Direction  of  the  American  Society  of  Civil  Engineers 
made  an  assignment  of  funds  for  the  work  of  the  Committee  March  4. 
1914,  and  a  contribution  toward  the  expenses  of  the  tests  was  received  by 
the  American  Railway  Engineering  Association  a  fevt  days  later.  Funds 
having  been  provided  to  make  a  beginning,  the  initial  meeting  of  the 
Committee  was  held  in  Chicago  March  18,  1914,  when  the  field  of  the 
work  and  the  manner  of  undertaking  it  wen  dJSCUlSed  M  ■  Meeting  in 
Baltimore  )\uw  3,  1914,  the  report  of  a  Subcommittee  on  Organization 
and  Scope  of  Work  was  adopted  Mr  \\  M  Dawlej  was  made  Vicc- 
Chairman  of  the  co-operating  committee*,  and  Mr    B.  II    Fritch,   S 
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tary  of  the  American  Railway  Engineering  Association,  was  elected  Sec- 
retary. Preliminary  field  work  was  begun  in  the  summer  of  1914,  and 
apparatus  and  methods  of  testing  were  developed  as  fast  as  experience 
could  be  gained.  The  work  in  held,  laboratory  and  office  has  since  been 
carried  on  as  actively  as  the  conditions  would  warrant.  Progress  reports 
of  the  experimental  work  have  been  made  to  the  Committee  from  time 
to  time  and  the  results  of  the  tests  have  been  discussed  at  committee 
meetings  and  by  correspondence.  A  great  deal  of  time  has  been  con- 
sumed in  working  up  the  results  and  in  putting  the  data  in  form  for 
presentation. 

From  the  beginning  the  Committee  has  appreciated  that  the  problem 
assigned  to  it  is  very  complicated,  involving  many  difficulties  and  uncer- 
tainties. It  has  felt  that  an  adequate  report  on  stresses  in  railroad 
track  must  be  based  upon  experimental  data  derived  from  extensive- 
tests  on  standard  railroad  track.  It  has  also  appreciated  that  because  of 
the  complexity  of  the  action  of  track  under  load  and  the  variability  of 
the  conditions  which  may  be  found  in  track  and  load,  adequate  experi- 
mental work  would  involve  long,  painstaking,  and  repeated  tests  under 
many  conditions  and  also  that  considerable  time  would  be  required  for 
reducing  the  data  so  obtained  and  for  interpreting  the  results.  It  is 
believed  that  results  of  value  could  be  obtained  only  after  prolonged 
work  on  the  problem.  Experience  has  shown  that  the  anticipated  diffi- 
culties were  not  overestimated.  It  was  found  necessary  to  expend  a 
considerable  amount  of  effort  and  considerable  time  on  the  development 
of  instruments  for  use  in  the  tests  and  on  methods  for  conducting 
The  problem  was  studied  and  the  methods  developed  in  the  light  of 
the  information  gained  during  the  work.  The  experimental  work  under- 
taken so  far  has  included  the  measurement  of  track  depressions,  ballast 
and  roadway  pressure,  and  fiber  stress  in  rail,  for  both  static  loads  and 
moving  loads,  and  laboratory  tests  on  the  distribution  of  pressure  through 
ballast. 

It  is  noteworthy  that  notwithstanding  the  importance  of  track 
relatively  few  experimental  data  on  the  general  action  of  the  track 
structure  are  on  record  and  available  as  a  guide  to  the  Committee  in 
its  efforts  or  for  use  in  making  comparisons  with  its  results.  The 
theoretical  or  analytical  treatments  which  have  been  published,  principally 
by  European  engineers,  have  most  frequently  been  largely  mathematical 
in  character  and  without  experimental  verification  or  connection,  and 
sometimes  the  assumptions  on  which  the  theory  was  based  have  been 
in  error.  Nevertheless,  a  number  of  engineers  have  made  valuable  tests 
on  track,  notably  Dr.' P.  H.  Dudley  in  this  country,  Cuenot  in  France, 
and  Zimmermann  and  Ast  in  Germany  and  Austria,  and  these  and  others 
have  contributed  important  discussions  on  several  parts  of  the  problem 
of  the  action  of  track.  It  is  planned  to  give  a  bibliography  of  the 
literature   of    the    action    of    track    as   a   structure    under    load    in    a    later 
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report.*  It  is  apparent  then  that  railroad  track  has  not  been  developed 
in  the  manner  followed  in  the  development  and  expansion  of  most 
engineering  structures  and  structural  parts  where  the  scientific  study  of 
forces  and  stresses  and  the  use  of  analysis  and  experiment  have  con- 
tributed in  a  marked  way  to  improvements  and  growth.  Instead,  the 
present  standards  of  track  have  been  evolved  from  previous  practice 
through  a  process  involving  extension  and  trial  and  judgment  and  ex- 
perience. That  track  has  attained  its  present  state  of  excellence  is  a 
tribute  to  the  sense,  insight  and  judgment  of  the  many  men  who  have 
contributed  to  its  growth  and  development.  It  is  not  surprising  then 
that  the  Committee  found  it  necessary  to  devote  considerable  effort  to 
studying  fundamental  principles  of  the  mechanics  of  track  action,  this 
being  done  principally  through  experimental  work  on  track  that  may  be 
described  as  ordinary  track  in  good  condition. 

In  the  report  the  action  of  track  as  an  elastic  structure  is  first  taken 
up.  The  part  on  conduct  of  tests,  which  is  next  in  order,  includes  a 
description  of  the  apparatus  and  the  method  of  conducting  tests,  a 
statement  of  the  preparation  of  test  track  and  procedure  of  tests,  and 
a  discussion  of  reduction  of  data  and  accuracy  of  instruments.  The 
results  of  tests  are  then  presented  and  various  topics  related  to  the 
action  of  track  are  discussed.  The  information  obtained  on  the  action  of 
the  tie  and  on  the  transmission  of  pressure  through  ballast  and  roadway 
will  be  given  in  a  succeeding  report. 

The    Committee    is    continuing    work   on    the    subject    assigned    to    it. 

2.  Acknowledgment. — The  work  of  the  Committee  has  been  made 
possible  through  the  contribution  of  funds  by  a  number  of  corporations 
which  have  in  this  way  expressed  appreciation  of  the  importance  of  the 
work  and  the  need  for  information.  Acknowledgment  is  made  to  the 
United  States  Steel  Corporation,  the  Bethlehem  Steel  Company,  the 
Lackawanna  Steel  Company  and  the  Cambria  Steel  Company  for  their 
financial  assistance.  The  American  Society  of  Civil  Engineers  has  also 
given  support  from  its  treasury. 

Railroad  companies  have  co-operated  by  furnishing  facilities  for  the 
test  work  and  thus  have  contributed  largelj  to  the  success  of  the  under 
taking.  The  Illinois  Central  Railroad,  A.  S.  Baldwin,  Chief  Engineer, 
gave  the  Use  of  its  tracks  and  Of  its  locomotives  and  crews  for  the 
extensive  set  of  tests  made  north  of  Champaign,  Illinois,  and  credit 
is  due  this  company  for  participating  so  largely  in  the  provision  for  the 
tests.  The  Delaware,  Lackawanna  8  Western  Railroad,  Geo.  .1.  Kay. 
Chief  Engineer,  gave  the  use  of  tracks,  locomotives  and  crews  for  the 
scries  of  tests  which  were  conducted  near  Dover,  New  Jersey.  The 
Michigan  Central  Railroad  provided  the  100-lb.  rails  for  the  test  track 
north  of  Champaign,  and  the   Pennsylvania  Railroad  supplied  the  125-hV 

rails   used. 


•a  comprehensive  list  <>f  the  principal  articles  on  this  and  related 
subjects  u|i  to  1909,  presented  bj  Dr,  P,  ii.  Dudley,  maj  !"■  round  in  Pro- 
ceedings hi  tin  American  Railwa)  Engineering  Vssociation,  Vol,  14,  i">k-' 
.'.70    (1913). 
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Valuable  assistance  has  been  rendered  by  the  University  of  Illinois 
By  a  special  arrangement,  the  Engineering  Experiment  Station  has  co- 
operated by  giving  the  use  of  laboratory,  shop,  and  office  facilities  and 
through  the  service  of  its  staff.  Mr.  H.  F.  Moore,  Professor  of  En- 
gineering Materials,  has  devoted  considerable  time  and  energy  to  the 
design  and  development  of  instruments  used  in  the  tests  and  to  the 
methods  of  testing.  His  special  qualifications  for  this  work  have  made 
his  assistance  most  valuable.  Credit  should  be  given  Dr.  H.  M.  Wester- 
gaard,  Instructor  in  Theoretical  and  Applied  Mechanics,  for  his  helpful 
work  on  the  mathematical  derivation  of  the  equations  given  in  the  analysis 
■  if  the  action  of  track  on  a  continuous  elastic  support. 

To  Mr.  H.  R.  Thomas,  who,  as  Assistant  Engineer  of  Tests,  has  been 
in  immediate  charge  of  the  testing  operations  and  of  the  office  work, 
acknowledgment  is  due  not  only  for  skill,  industry  and  insight,  but  for 
the  zealous  spirit  of  scientific  investigation  with  which  the  work  has 
been  conducted.  Mr.  R.  R.  Zipprodt  has  contributed  to  the  accuracy  of 
the  work  by  his  faithful  and  caretaking  reading  of  records,  calculation 
of  results,  and  assistance  in  field  work.  Necessarily  the  personnel  of 
the  test  party  has  been  a  changing  one,  but  all  those  engaged  in  the 
work  have  exhibited  care,  loyalty  and  enthusiasm  which  has  materially 
promoted  the  satisfactory  progress  of  the  investigation. 

The  Committee  was  fortunate  in  having  the  advantage  of  the  ex- 
perience of  Dr.  P.  H.  Dudley,  a  pioneer  in  testing  railroad  track.  Mr. 
P.  M.  LaBach's  familiarity  with  European  literature  relating  to  track 
and  track  tests  has  been  of  service.  Since  its  formation  the  Committee 
has  lost  by  resignation  of  membership  Messrs.  J.  B.  Berry  and  William 
McNab,  whose  duties  in  new  positions  prevented  their  giving  further 
attention  to  the  work  of  the  Committee.  A  further  loss  in  membership 
occurred  through  the  death  of  Mr.  Emil  Gerber. 

(II)  THE  ACTION  OF  TRACK  AS  AN  ELASTIC  STRUCTURE. 

3.  The  General  Behavior  of  Track  Under  Load. — A  proper  concep- 
tion of  the  fundamentals  underlying  the  action  of  track  under  load  may 
be  had  only  by  considering  the  track  as  an  elastic  structure  under  load — 
the  wheel  loads  are  applied  on  the  top  of  the  rails ;  the  rails  act  as 
flexible  beams  which  rest  upon  flexible  supports  (ties)  ;  and  the  ballast 
and  roadway  upon  which  the  ties  rest  are  themselves  yielding  or  flexible. 
The  action  of  the  various  parts  of  this  elastic  structure  affects  the  action 
of  other  parts.  It  is  evident  that  the  quality  of  flexibility  and  elasticity 
and  stiffness  of  the  supporting  substructure  constitutes  an  important 
element  in  track  action  and  very  greatly  influences  the  action  of  the  rail 
and  affects  the  stresses  developed  in  the  various  parts  of  the  track. 

Due  to  the  stiffness  of  the  rail  and  the  yielding  of  its  supports,  the 
load  from  a  wind  will  be  distributed  over  a  number  of  ties.  It  is 
evident  that  the  amount  of  yielding  of  the  supports  affects  the  values  of 
the  moments  and  stresses  developed  in  the  rail.     As  the  distribution  of 
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the  wheel  load  among  a  number  of  ties  produces  upward  pressures  or 
tie  reactions  of  varying  amounts,  the  determination  of  these  tie  reactions 
is  connected  with  the  problem  of  determining  analytically  the  stresses  in 
the  rail.  The  properties  of  elasticity  and  stiffness  in  the  rail,  the  tie, 
the  ballast  and  the  roadway  enter  in  a  complex  manner  into  the  develop- 
ment of  the  stresses  in  the  track  structure,  the  relative  stiffness  of  the 
various  parts  affecting  the  results  in  any  one  part.  The  spacing  of  the 
wheels  of  locomotives  and  cars  longitudinally  along  the  track  also 
influences  the  division  of  the  load  as  pressures  on  the  various  ties,  and 
hence  influences  the  value  of  the  stresses  developed  in  rails,  ties,  and 
ballast.  The  track  is  flexible  and  its  action  under  load  is  exceedingly 
complex,  especially  under  the  variable  conditions  found  in  tie  bearings, 
ballast  pressures,  and  roadway  resistances. 

Before  attempting  to  give  an  analytical  treatment  of  the  moments 
and  stresses  developed  in  the  parts  of  the  track  structure  it  may  be 
well  to  discuss  in  a  general  way  the  action  of  the  track  structure.  It  is 
believed  that  this  may  be  helpful  in  forming  proper  conceptions  and  in 
showing  that  certain  notions  of  the  manner  in  which  the  rail  acts  are 
incorrect  and  misleading. 

A  number  of  writers  have  obtained  expressions  for  the  bending 
moment  and  stresses  in  a  rail  by  considering  the  rail  as  a  simple  beam 
supported  on  the  two  adjacent  ties  with  the  wheel  load  at  a  point  half 
way  between.  This  assumption  gives  a  positive  bending  moment  under 
the   wheel   of    zAPa   where   P   is   the   wheel   load   and   a   is    the   distance 
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assumed  tie  reactions  for  one-axle  load 

Fig.  1. 

center  to  center  of  ties.  Other  writers  assume  the  beam  to  be  fully 
restrained  over  the  adjacent  ties;  this  makes  the  positive  moment  l/%Pa 
.ti i'  1  the  negative  moment  %Pa.  Among  other  values  which  have  been 
put  forward  arc  those  of  0.l8Pa  for  the  positive  bending  moment  under  the 
bad  and  0.09Pa  for  the  negative  moment  which  is  considered  to  be  over 
the  adjoining  tie.  In  all  of  these  it  is  virtually  assumed  that  the  load 
is  taken  only  by  the  two  ties  adjacent   to  the  load. 

The  conditions    for  a   single   wheel   load   m;i\    be   approximated   by 

taking    the    upward    tie    p  IS    the    load-   on    the   rail    ami    the    wheel 

load  as  the  reaction  and  in  effect  considering  the  rail  cm  at  the  last  tie 
The  wheel  load  is  distributed  ovtt  a  number  of  ties,  Phe  proportional 
pan  of  the  wheel  load  for  each  tie  reaction  depends  upon  the  tie  spacing, 
tin-  tiffness  of  the  tie  and  of  the  supporting  substructure  (ballast  and 
roadbed  >  and  the  stiffness  of  the  rail. 

Consider   that   the   tie  reaction  mewhat    ns   given   in    Fig   1. 
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which  approximate  values  found  in  tests.  For  this  assumed  distribution 
of  tie  reactions  the  bending  moment  under  the  load  will  then  be  0.63Pa 
if  we  consider  that  the  rail  is  not  held  down  in  Mich  a  way  as  to  give 
negative  reactions  and  negative  resisting  moments  away  from  the  wheel. 
It  is  seen  from  this  illustration  that  a  single  load  may  give  a  high 
bending  moment   in   the  rail. 

If.  now,  we  consider  a  rail  with  an  indefinitely  large  number  of 
evenly  spaced  wheel  loads,  the  tie  spacing  being,  say,  not  more  than 
one-third  of  the  wheel  spacing,  it  can  be  shown  that  for  a  given  wheel 
spacing  there  is  relatively  little  difference  in  the  tie  reactions  until  the 
wheel  spacing  becomes  quite  large.  Assuming  for  present  purposes  that 
the  tie  reactions  are  equal,  and  that  the  wheels  are  at  points  midway 
between  ties  (Fig.  2),  the  positive  bending  moment  under  loads  spaced 
three  tic  spaces  apart  is  found  to  be  about  Q.263Pa  and  the  negative 
bending  moment —0.154/7/ .  and  D.345/*a  and — 0.156Pa,  respectively,  when 
the  wheel  spacing  is  four  tie  spaces.  Expressing  the  bending  moments 
in  terms  of  the  wheel  spacing,  /,  the  values  become  0.088P7  and  — 0.051  /'I 
for  l  =  3a  and  0.086P/  and  —  0.Q39PI  for  /  =  Aa.  It  is  readily  seen  from 
this  that  for  the  conditions  assumed  the  bending  moments  and  therefore 
the  stresses  in  the  rail  will  be  dependent  upon  the  wheel  spacing  and 
that  this  influence  will  continue  until  the  wheel  spacing  becomes  so  great 
as  to  approach  the  conditions  of  single  loads. 


r  r  r  r 

3  3333333333 

series  of  loads 

with  assumption  of  equal  tie  reactions 

Fig.  2. 

The  foregoing  refers  only  to  an  indefinitely  large  number  of  wheel 
loads.  Eor  a  small  number  the  results  will  be  greatly  modified.  In  case 
two,  three,  or  four  wheels  are  spaced  as  above,  it  may  be  expected  that 
the  positive  moment  developed  under  the  first  and  last  load  will  be 
greater  than  the  values  given  above,  and  the  moment  under  intermediate 
wheels  somewhat  less  than  at  the  outer  wheels.  The  amount  of  this 
difference  will  depend  on  the  properties  of  the  track  including  the 
stiffness  of  the  rail.  When  there  are  other  wheel  loads,  as  truck  wheels, 
not  too  far  away,  their  effect  is  to  modify  the  moments  produced  under 
the  main  wheels.     On  the  whole  the  problem  is  very  complicated. 

It  is  apparent  that  for  conditions  here  considered  changes  in  the 
closeness  of  tic  spacing  have  relative!}  small  effects  on  the  bending 
moment  developed  in  the  rail  by  a  given  wheel  loading;  thus,  for  a  wheel 
spacing  equal  to  three  tie  spaces  and  an  indefinitely  large  number  of 
Wheels  si.  spaced  the  positive  moment  is  about  .088  PI,  and  if  the  ties 
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were  so  closely  spaced  as  to  approach  conditions  of  uniform  distribution 
of  bearing  pressures  from  wheel  to  wheel,  the  positive  bending  moment 
would  be  approximately  0.083  PI.  It  is  also  .well  to  note  that  by  this 
method  of  analysis  the  bending  moment  under  the  wheel  may  be  expected 
to  be  nearly  as  much  for  wheels  placed  over  ties  as  when  the  wheel 
is  midway  between  ties.  The  foregoing  discussion  is  based  upon  an 
assumption  of  uniform  resistance  of  the  substructure;  i.  e..  that  the 
stiffness  of  the  elastic  support  is  the  same  at  each  tie.  It  is  evident  that 
the  stresses  in  the  rail  will  be  modified  by  the  varying  conditions  of  the 
tie,  ballast,  and  roadway  from  point  to  point  along  the  track. 

Another  important  element  in  the  problem  of  determining  stresses 
in  track  is  the  effect  of  speed  of  locomotive  and  train.  On  this  matter 
analysis  alone  can  give  little  real  information,  and  it  must  be  expected 
that  reliance  must  be  placed  upon  experimental  data. 

The  reaction  of  the  tie  or  upward  pressure  of  tie  upon  the  rail 
depends  upon  the  stiffness  or  the  yieldability  of  the  ballast  and  roadway, 
and  also  upon  the  stiffness  of  the  rail  which,  of  course,  is  dependent 
upon  its  moment  of  inertia.  For  good  track  and  for  a  wheel  spacing  of 
not  more  than  three  or  four  tie  spaces,  the  tie  reactions  for  the  ties 
between  wheels  will  not  vary  greatly  from  each  other.  In  front  of 
the  front  wheel  and  behind  the  rear  wheel  of  a  set  of  wheels  and  also 
in  front  of  and  behind  a  single  wheel  the  division  of  the  reactions  among 
various  tics  will  he  dependent  upon  the  stiffness  of  track  (rail,  tie, 
ballast  and  roadway).  The  determination  of  this  stiffness  is  one  of  the 
problems  connected   with   the   experimental    work. 

The  distribution  of  the  upward  pressure  of  the  ballast  against  a  tie 
along  its  length  may  be  expected  to  vary  with  the  tamping  and  with 
the  ballast  and  roadway  conditions,  and  also  depends  upon  the  dimensions 
of  the  tie.  For  usual  conditions  of  good  track  it  would  seem  that  the 
upward  pressure  will  continue  from  the  rail  to  the  end  of  the  tie  and 
for  at  least  a  similar  distance  inside  the  rail.  The  exact  distribution 
will  depend  upon  the  amount  of  bending  of  the  tie  and  upon  the  per- 
manent depression  made  in  the  ballast  1>\  the  previous  applications  of 
load  as  well  as  upon  the  yieldability  of  the  ballast  and  roadway.  It 
will  help  in  getting  a  conception  of  the  action  of  the  tie  and  ballast 
to    consider    the    tie   to   U    Bel    on   a   bed    of    Stiff    springs;    under    load,    the 

tie  bends  and  the  springs  compress  in  proportion  to  the  load  put  upon 
them.  The  stiffness  of  the  springs  depends  upon  the  nature  of  the  tie 
bearing    and    upon    the   consolidation   of   th<    ballasl    and    other   bearing 

material    and   their   elastic    properties.      At    the    middle   point    of   the   tic    the 

springs  will  generally  have  little  bearing  resistance.  Fig.  3  gives  a  gen- 
eral notion   of   the  distribution   of   the  load    along   a   tie       However,    it   must 

he  expected  thai  changes  in  tin  <<>nditions  of  ballast  and  roadway,  like 
freezing  and  thawing,  differences  in  bearing  conditions  of  adjacent  ties, 
and  tin  differences  in  resistance  t<>  repetition  of  pressure  <>u  the  ballasl 
along  the  length  of  tin  n.  grcatlj  modif)  tin-  distribution,  and  such 
changes  maj  he  expected  to  increase  the  bending  stresses  in  the  tie. 
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It  is  usual  to  think  of  the  distribution  of  pressure  across  the  width 
of  the  tie  as  being  nearly  uniform;  i.  e.,  to  consider  the  whole  width  of 
the  tie  as  equally  effective  in  transmitting  pressure  from  the  tie  to  the 
ballast.  However,  the  ballast  is  composed  of  non-cohesive  particles. 
As  the  transmission  of  pressure  in  directions  other  than  the  vertical 
is  dependent  upon  friction  between  particles,  the  vertical  pressures  at  tin- 
edge  of  the  tie  must  be  less  than  the  pressures  transmitted  from  the 
middle  of  its  width,  and  this  difference  results  in  a  distribution  of 
pressure  far  from  uniform  across  the  width  of  the  tie.  For  ties  which 
are  spaced  not  too  far  apart  there  is  something  of  a  reaction  from  the 
adjoining  tie  which  may  be  expected  to  improve  the  distribution  across 
the  face.  On  the  whole,  however,  the  upward  pressure  against  the  tie 
cannot  be  uniform  across  its  width. 

, 1 1 


'IIHlf|||[||PM'" 'tlftfttllllttlt 

a  distribution  of  pressures  along  a  tie 
Fig.  3. 

The  ballast  as  a  part  of  the  structure  of  the  track,  in  addition  to 
other  important  purposes  such  as  drainage,  serves  to  transmit  the  tie 
pressures  and  reactions  to  the  roadway,  and  acts  to  distribute  the  pressure 
more  nearly  evenly  over  the  surface  of  the  roadway.  The  laws  govern- 
ing the  distribution  and  transmission  of  pressure  through  the  ballast  must 
be  expected  to  have  an  important  bearing  upon  the  proportioning  of  the 
track  structure.  The  formulation  of  these  laws  and  the  determination  of 
constants  relating  to  stiffness  or  yieldability,  must  await  experimental 
work. 

The  roadway  itself  acting  as  a  support  also  serves  to  transmit  press- 
ures and  to  distribute  them  to  the  surface  of  the  earth  below.  The  condi- 
tions of  tlu  roadway  and  the  materials  of  which  it  is  made  may  be 
expected  to  affect  the  action  of  the  track.     Little  is  known  about  this. 

Enough  has  been  said  to  show  that  the  problem  of  the  stresses  in 
track  is  not  a  simple  one,  that  it  involves  a  large  number  of  elements 
which  have  the  nature  of  variables,  that  these  variables  enter  into  the 
problem  in  a  complex  manner,  and  that  it  is  necessary  to  have  a  diversity 
of  experimental  data  relating  to  the  several  variables  before  attempting  to 
formulate  the  laws  governing  the  stresses  in  track. 

4.  Analysis  of  Track  Action. — An  analytical  treatment  of  the  action 
of  track  under  load  has  a  value  in  the  comparison  of  experimental  data. 
It  will  be  of  use  in  establishing  the  physical  properties  of  track.  It 
should  be  an  aid  in  forming  proper  conceptions  of  the  manner  in  which 
track  acts  under  load.  It  will  be  found  to  be  a  convenience  in  discussing 
tin-  effect  of  rail  section,  tie  spacing,  driver  and  wheel  spacing,  depth 
of  ballast  and  its  stiffness,  and  condition  of  roadway.     Such  analyses  are 
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based  on  the  theory  of  flexure  and  involve  complicated  mathematical  pro- 
cedure. It  may  not  be  expected  that  an  analysis  of  track  action  will  fit 
accurately  the  many  variables  of  track  and,  besides,  the  track  varies  in 
its  properties  from  point  to  point.  What  is  wanted  is  an  analysis  that 
may  readily  be  used  and  that  may  easily  be  applied  to  combinations  of 
wheel  loads,  to  variations  in  wheel  spacing,  and  to  particular  physical 
conditions  of  track.  Most  analytical  treatments  give  results  in  such 
complicated  form  that  the  application  is  time-consuming.  The  simplified 
forms  of  analysis  may  not  have  a  wide  range  of  applicability.  Various 
methods  of  analysis  have  been  examined,  including  those  given  in  foreign 
publications.  A  large  amount  of  time  and  considerable  effort  have  been 
devoted  to  a  study  of  possible  analyses,  and  a  variety  of  methods  of 
attack  have  been  taken  up.  As  a  result,  it  is  concluded  that  the  method 
of  analysis  which  is  based  upon  the  assumption  of  a  continuous  elastic- 
support  under  the  rail  is  by  far  the  most  convenient,  most  easily  applied 
and  most  comprehensive  in  its  application  to  the  questions  involved  in 
the  work  of  the  Committee.  This  analysis  lends  itself  very  readily  to  a 
discussion  of  the  general  problems  of  track. 

The  assumption  of  a  continuous  support  in  place  of  tie  supports  i- 
not  an  element  of  serious  inaccuracy  for  the  close  tie  spacing  and  large 
rail  sections  used  on  American  railroads,  especially  as  the  use  of  values 
of  track  stiffness  determined  from  data  taken  from  tests  on  ordinary 
track  carries  into  the  constants  established  much  of  the  condition  of  con- 
centrated tie  loads.  The  results  of  this  analysis  are  similar  in  general 
character  to  those  tried  using  concentrated  tie  loads.  The  method  has 
been  found  to  be  more  general  and  to  have  fewer  limitations  than  the 
methods  which  are  based  upon  concentrated  tie  loads. 

The  term,  modulus  of  elasticity  of  rail-support,  is  introduced  as  a 
measure  of  the  vertical  stiffness  of  the  rail-support.  It  may  be  defined 
as  the  pressure  per  unit  of  length  of  each  rail  required  to  depress  the 
track  one  unit.  It  represents  the  stiffness  and  yieldability  of  tie,  ballast 
and  roadway,  but  does  not  involve  the  stiffness  of  the  rail.  As  applied 
to  ordinary  track  the  load  on  one  rail  required  to  depress  one  tie  one 
unit  divided  by  the  tic  spacing  will  give  the  modulus  of  elasticity  of  rail- 
support.  As  an  illustration  consider  that  a  series  of  wheel  loads  which 
depress  the  track  an  average  of  0.3  in.  gives  a  load  equivalent  to  10,000 
lbs.,  per  tie  for  each  rail  and  that  the  tic  spacing  is  22  in.;  the  modulus  of 
elasticity  of  rail-support  is  then  1500  lbs.  per  inch  of  length  of  rail  per 
inch  depression.  The  value  of  the  modulus  of  elasticity  of  rail-support 
is  so  related  to  tie  spacing  and  tie  dimensions,  depth  of  ballast,  quality  of 
tie,  solidity  of  roadway,  character  of  tamping  and  surface,  and  other 
conditions  of  the  track  and  its  maintenance  that   it   will   vary  considerably 

-ding  to  the  quality  of  the  track. 

The  method  of  analysis  will  be  developed,  first  for  a  single  wheel 
load  and  then  for  a  combination  of  wheel  loads. 

5.  Depression.1;,  Upzvard  PrtSfUrtS,  and  Pending  Moments  in  Rail 
hairing  a  Continuous  Elastic  Support;  Single   Wheel  load 
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Assume  that  the  rail  is  supported  continuously  on  an  elastic  support  and 
that  the  support  has  a  constant  modulus  of  stiffness;  i.  e.,  that  the  de- 
pression of  the  track  and  the  resulting  upward  pressures  on  the  rail  are 
directly  proportional  to  each  other.  Assume  further  that  the  track  con- 
struction is  such  that  negative  pressures  may  be  developed.  The  follow- 
ing nomenclature  will  be  used  (see  Fig.  4)  : 
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DISTRIBUTION  OF  DEPRESSION 
AND  BENDING  MOMENT  FOR  SINGLE-WHEEL  LOAD 

Fig.  4. 

/'  =  wheel  load  on  rail  at  point  which  will  be  used  as  the  origin  of 
abscissas. 

/:  =  modulus  of  elasticity  of  steel. 

/  =  moment  of  inertia  of  section  of  the  rail. 

y  =  depression  of  rail  at  any  point,  .r,  it  being  assumed  that  there  is 
no  play  or  back-lash  in  the  track.  Downward  displacement  of 
rail  is  negative.  However,  in  the  applications  to  track  the 
ordinary  downward  depressions  of  track  will  be  spoken,  of  as 
positive. 

yo  =  depression  of  rail  at  point  of  wheel  load   (.r  =  0). 

/>  =  upward  pressure  against  rail  per  unit  of  length  of  rail  at  any 
given  point. 

po  =  upward  pressure  against  rail  per  unit  of  length  of  rail  at  the 
given  wheel  load   (,r  =  0). 

m  =  an  elastic  constant  which  denotes  the  pressure  per  unit  of  length 
of  each  rail  necessary  to  depress  the  track  (rail,  tie,  ballast, 
and  roadway)  one  unit.  For  the  system  of  units  ordinarily  used 
it  will  be  expressed  in  pounds  per  inch  of  length  of  rail  re- 
quired to  depress  the  track  one  inch,  u  represents  the  stiffness 
of  the  track  and  involves  conditions  pf  tie,  ballast,  and  roadway. 
It  is  termed  tin-  modulus  of  elasticity  of  rail-support, 

M  =  bending  moment  in   rail  at  any  point. 

Afo==bending  moment  in  rail  at  point  <.A  wheel  load  due  to  single 
wheel   load    (.r  =  0). 
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Xi  =  distance  from  wheel   load  to  point  of  zero  bending  moment  in 

rail. 
Xi  =  distance  from  wheel  load  to  point  of  zero  upward  pressure.     It 

will  be  shown  that  ,ra  is  3.n. 
<?  =  basc  of  natural  system  of  logarithms  =  2.7183. 

The  fundamental  condition  on  which  the  analysis  is  based  is  that 
the  track  depression  at  any  point  and  the  upward  pressure  on  the  rail 
per  unit  of  length  at  the  same  point  are  directly  proportional  to  each 
other.     In  other  words,  p  =  uy. 

It  will  be  recalled  that  in  the  mechanics  of  beams  the  derivatives  of 
the  elastic  curve  (first,  second,  third,  and  fourth)  in  their  order  repre- 
sent or  are  proportional  to  (1)  the  slope  of  the  elastic  curve,  (2)  the 
bending  moment  in  the  beam,  (3)  the  shear,  and  (4)  the  intensity  of  the 
load.  In  the  case  in  hand,  the  fourth  derivative  (the  intensity  of  load) 
has  the  unique  relation  of  being  directly  proportional  to  the  original 
function  given  by  the  equation  of  the  elastic  curve  or  curve  of  depression 
of  track. 

From  the  fundamental  condition  the  differential  equation  of  equi- 
librium* is 

„  .<!*  y 
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This  differential  equation  is  satisfied  by  the  following  equation : 


P 
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The  successive  derivatives  of  this  expression  arc: 
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ression  arc  : 
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The  equation  for  intensity  of  pressure  against  the  rail  is 

The  mathematical  derivation  of  these  equations  will  nol  be  given, 
hut  the  solution  is  seen  to  be  correct  because  at  the  same  time  two  types 
of  conditions  are   satisfii  d 


•Th.'    method    ol    attaok    used    in    this    mathematical    solution    mas     b< 
found  In  Fttppl's  Teehnl  che  Mechanlk,   Vol    in.  pp  edition  ol 

where    a    treatment    ol    various    problems   con<  beams    on    continuous 

elastic  supports  Is  riven  The  method  <>f  analysis  Is  here  applied  direct!) 
to  the  problem  ol  thi  track  and  especially  to  the  bending  moment  in  the 
rail. 
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].— The    differential    equation    is    satisfied    by    equation    (2)     tor    all 

positive  values  of  x. 
2. — All  necessary  conditions  at  special  points  are  satisfied  as  follows: 

d?  v        P 

d  y 
(b) .     — -  =  0  for  x  —  0  and  x  =  oc 
w      d  x 

,'c).   y  =  0  for  x  =  a 
The  following  special  values  of  the  functions  will  be  useful: 

The   distance  from  the  wheel  load  to -the  point  of  zero  bending  mo- 
ment in  the  rail   (M  =  0  in  equation   (4)  )   is 

it     k  E  I 
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The  value  of  the  maximum  bending  moment  in  the  rail   (which  is  at 
the  wheel  load)    (x  =  0  in  equation   (4)  )   is 

Ma  =  P  -xHr^  =0.318  Px. (8) 

The  value  of  the  maximum  track  depression   (which  is  at  the  wheel 
load)    (.r  =  0  in  equation    (2)  )   is 

y0  =  —  tJ—=-~, r9) 
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The  value  of  the  maximum   intensity  of   upward    pressure    (which   is 
at  the  wheel  load)    (,r  =  0  in  equation   (6)  )   is 

*  =  p  <l*rwi  -  ~ "  »• (10) 

The    distance    from    the    wheel    load    to    the    point    of    zero    upward 
pressure  on  the  rail    (/>  =  0  in  equation    (6)  )    is 
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Fig.  5  gives  master  diagrams  for  (1)  the  moment  developed  in  the 
rail  and  (2)  the  intensity  of  pressure  against  the  rail  and  the  depression 
of  the  rail,  as  determined  from  the  foregoing  equations.  The  diagrams 
represent  relative  values.  The  bending  momenl  under  the  wheel  load 
is  given  as  unity  and  the  values  of  the  bending  momenl  at  other  points 
(given  as  ordinates  of  the  bending  moment  curve)  are  expressed  in 
terms  of  the  bending  moment  at  the  wheel  load  The  intensity  of  up- 
ward pressure  (represented  by  the  ordinate  to  the  pressure  curve)  is 
also  expressed  in  terms  of  the  intensity  of  pressure  .it  the  wheel  load 
as  unity.  Similarly,  the  abscissa  of  the  two  diagrams  (bending  moments 
.md  p  are  expressed  in  terms  of  the  distance   from  the 

load   to  the   point   of   /nn  bending   moment    as   unit)  :   i    e     as   al 
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ratios.  For  any  given  track  conditions  the  value  of  the  maximum  bend- 
ing moment,  Mo,  may  be  computed  bj  equation  (8)  and  the  distance  x\  to 
the  point  of  zero  bending  moment  by  equation  (7).  To  get  the  bending 
moment  at  any  given  point,  find  the  ratio  of  x  for  the  given  point  to 
.t'i  and  take  the  ordinate  from  the  diagram  by  using  this  ratio  as  the 
abscissa.  The  bending  moment  in  the  rail  at  the  given  point  will  then  be 
found  by  multiplying  the  value  of  the  maximum  momqpt,  Ma,  (already 
computed)  by  the  ordinate  found  from  the  diagram.  Similarly,  the 
value  of  the  intensity  of  pressure  at  a  given  point  may  be  determined 
by  multiplying  the  intensity  of  pressure  under  the  wheel  load  by  the 
ordinate  for  pressure  at  a  given  point  obtained  from  the  diagram. 

As  an  illustration,  consider  a  100-11).  rail  section  (7  =  44)  and  that 
for  the  track  conditions  w  =  1500  His.  per  inch  of  length  of  rail  pci 
inch  depression,     .ri  is   found  to  be  34  in.     For  a  point  at  a  distance  of  66 

x      66 

in.   from  the  wheel   load  the  abscissa   ratio  is   then  -    ,.=  1.94.      From 

r,        .U 

the  master  diagrams  (Fig.  5),  the  bending  moment  ratio  at  the  abscissa 
ratio  1.94,  is — 0.20;  that  is,  the  bending  moment  at  66  in.  from  the  wheel 
load  is  0.20  of  that  at  the  wheel  load  and  is  negative.  By  equation  (8) 
the  maximum  moment,  Mo,  is'  10.8/-\  The  bending  moment  at  a  point 
66  in.  from  the  wheel  load  is  then  the  product  of  Mo  and  — 0.20,  which 
is  — 2.16P.  For  the  same  point  (.r  =  66  in.)  the  relative  value  of  the 
intensity  of  pressure  is  found  from  the  diagram  to  be  0.22.  By  equation 
(10)  the  intensity  of  pressure  at  the  wheel  load,  Po,  is  0.0115P.  The 
pressure  66  in.  away  is  then  the  product  of  P„  by  0.22,  which  is  0.0025/J 
It  may  be  well  to  call  attention  to  the  effect  of  changes  in  the 
various  properties  of  track  upon  the  resulting  track  depressions  and 
bending  moments  in  rails  as  indicated  by  the  several  equations  alread) 
given  for  a  single  wheel  load.  From  equation  (9)  it  is  seen  that  v.. 
the  track  depression  under  the  wheel,  varies  directly  as  the  magnitude 
oi  the  wheel  load  P,  and  that  it  varies  inversely  as  the  fourth  root  of 
the  moment  of  inertia  of  the  rail  section  and  inversely  as  the  three- 
fourths  power  of  the  modulus  of  elasticity  of  rail-support.  By  this 
formula,  doubling  the  moment  of  inertia  of  the  rail  section  will  result 
in  a  track  depression  under  the  wheel  84  per  cent,  as  great  as  that  tor 
the  lighter  rail.  Increasing  the  stiffness  of  the  track  support  in  such 
way  as  to  double  the  modulus  of  elasticity  of  rail-support  will  result  in 
a  track  depression  59  per  cent,  as  great  as  that  for  the  less  stiff  track. 
Fiom  equation-  (8)  it  is  seen  that  Mo,  the  bending  moment  in  the  rail 
under  the  wheel,  varies  directly  as  the  magnitude  of  the  wheel  load  P, 
and  that  it  varies  directly  as  the  fourth  root  of  the  moment  of  inertia 
of  the  rail  section  and  inversely  as  the  fourth  root  of  the  modulus  of 
elasticity  of  rail-support.  By  this  formula,  doubling  the  moment  of 
inertia  of  the  rail  section  will  result  in  a  bending  moment  in  the  rail 
under  the  wind  1.19  limes  as  great  as  that  for  the  lighter  rail.  Increas- 
ing the  stiffness  of  the  track  support  in  such  way  as  to  double  the 
modulus   <>f   elasticity  of   rail  support    will    result  in  a  betiding    moment   in 
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the  rail  under  the  wheel  84  per  cent,  as  great  as  that  for  the  less  stiff 
track.  It  should  be  noted  that  the  foregoing  applies  to  results  for  a 
single  wheel  load  on  a  rail;  the  effect  of  two  or  more  wheel  loads  is 
discussed  in  the  following  article. 

6.  Combination  of  Wheel  Loads. — To  find  the  effect  of  a  com- 
bination of  wheel  loads  upon  the  track  depressions  and  the  pressures 
and  the  bending  moment  in  the  rail,  as  may  occur  with  a  given  type  of 
locomotive,  the  equations  and  diagrams  for  a  single  wheel  load  may  be 
applied  by  the  use  of  the  principle  of  superposition;  i.  e.,  by  considering 
that  at  a  given  point  along  the  rail  the  combined  effect  of  two  or  more 
wheel  loads  is  the  algebraic  sum  of  the  effects  of  the  individual  wheel 
loads.  The  effect  which  each  wheel  produces  at  any  given  point  may  be 
determined  from  the  master  diagram  (Fig.  5),  and  the  cumulative  effect 
of  the  several  loads  may  then  be  found  by  adding  the  components  pro- 
duced by  each  wheel  load.  This  method  of  superposition  of  components 
is  applicable  to  bending  moments  as  well  as  to  track  depressions  and 
pressures.  The  method  may  best  be  described  through  an  illustrative 
example. 

Take  a  Mikado  locomotive  with  the  wheel  loads  and  wheel  spacings 
given  in  Fig.  6  and  let  the  problem  be  to  calculate  the  bending  moments 
in   the   rail   at   various  points.     In   using   Fig.   5   take   as   the   abscissa   the 

x 
ratio,   — ,   where   x   is   the   distance    from   the   given   point   to   the   wheel 

X\ 

load  whose  effect  is  to  be  determined  and  X\  is  the  distance  from  the 
wheel  to  the  point  of  zero  bending  moment  in  the  case  of  a  single  wheel 
load.  The  bending  moments  will  be  obtained  in  terms  of  the  maximum 
bending  moment  for  a  single  wheel  load    (Equation   (8). 

To  find  the  bending  moment  produced  by  a  wheel  load  at  a  section 
in  the  rail  x  distant  from  the  wheel  load,  take  from  the  moment  diagram 
in  Fig.  5  the  ordinate   (which  gives  relative  values  of  bending  moments) 

X 

corresponding    to    the    given    abscissa,    ratio    — .      The    values    may    best 

.Vi 

be  kept  as  relative  values  and  considered  as  effects  <>i  the  several  wheel 
loads  until  the  components  have  been  summed.  The  bending  moment  at 
the  given  point  may  then  lie  found  by  multiplying  the  maximum  bending 
moment  for  a  single  wheel  load  (as  found  from  equation  (8)  )  by  the 
ratio  found  bv  the  summation  of  components.  Where  the  wheel  loads 
arc  unequal,  use  the  ratio  of  the  wheel  loads  in  the  calculations;  thus. 
if  the  effect  of  the  pilot  truck  wheel  upon  a  point  at  the  first  driver 
is  to  be  found  use  the  rati  i  12,500/27,500 

Consider  that  the  track  conditions  .ire  such  that  the  modulus  ot 
elasticity  of  rail  support,  u.  is  1500  lbs.  per  inch  length  of  rail  per 
i ii<  1 1  depression.  Consider  a  KM)  lb.  rail  section  with  /  =  44.  The  value 
of  the  bending  moment  undei  a  wheel  load,  where  uninfluenced  b\  othei 
wheel  loads,  become*   foi   the  constants  <>i   the  track,  from  equation   (8) 
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A/o=10.8/J.     From  equation    (7)   .r,  =  34  in.     For  the  distance  from  thc- 

x 

first   driver   to   the   pilot    truck   wheel    the   abscissa   ratio   —   is    104/34  = 

Xi 

3.06.      For   the   distance   from   the   first   driver   to   the   second    driver    the 

x 

abscissa    ratio    --    is   66/34=1.94.      For    the    distance    from    the    fourth 

Xi 

x 

driver     to     the     trailer    the    abscissa     ratio    —    is     120/34  =  3.53.      Take 

ordinates   from  Fig.  5  for  the  several  abscissa  ratios.     The  effects  of  the 
several  wheels  are  then  found,  and  these  components  added  algebraically. 

BENDING   MOMENTS  AND  TRACK  DEPRESSIONS 
FOR  MIKADO   LOCOMOTIVE,  FROM  ANALY3I3.  100-L3.  RAIL. 
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Fig.  6. 
Bending  Moment  at  First  Driver: 

Effect  of  first  driver   +1.00 

x  12,500 

Effect  of  pilot  truck  wheel,    (—  =  3.06) .  .—  0.13  X —  -06 

xr                                  27,500 
x 
Effect  of  second  driver,   (—  =  1.94) —  .20 

X\ 


Effect  of  third  driver,      (—  =  3.88) 

Xi 


.05 


+  .69 

The  bending  moment  at  the  first  driver  is  then  0.69  of  that  due  to  the 
weight  of  the  first  driver  if  it  acted  alone.  The  bending  moment  at  this 
point  becomes  M  =  .69M<>  —  7.45  P  =  205,000  lb.-in. 
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Bending  Moment  at  Second  Driver: 

Effect  of  second  driver   +1.00 

Effect  of  first  driver,        (—  =  1.94) —  .20 

Xi 

x 
Effect  of  third  driver,      (—  =  1.94) —  .20 

Xi 

x 

Effect  of  fourth  driver,    (—  =  3.88) —  .05 

Xi 

x  12,500 

Effect  of  pilot  truck  wheel,   (— =  5.0) . . . .  — 0.0  X -00 

4-a  27,500   

+  .55 

The  bending  moment  at  the  second  driver  is  then  0.55  of  that  due  to  the 
weight  of  the  second  driver  if  it  acted  alone.     The  moment  at  this  point 
becomes  M  =  0.55  Mo  =  5.94  P  =  163,000  lb.-in. 
Bending  Moment  at  Trailer: 

Effect  of  trailer  load    +1.00 

x  27,500 

Effect  of  fourth  driver,   (—  =  3.53) —  .08  X —.11 

x,  20,000 

x  20,000 

Effect  of  first  tender  wheel,    (— =  4.0)  . . .— .04  X —  .04 

.t-i  20,000   

+  .85 

The  bending  moment  at  the  trailer  is  then  0.85  of  that  due  to  the  trailer 
load  if  it  acted  alone.  The  bending  moment  is  then  0.85  Mo  =  9.18  P  = 
184,000  lb-in. 

The  method  may  be  applied  in  a  similar  way  to  the  determination 
of  the  bending  moments  at  points  away  from  wheel  loads.  The  values 
of  the  negative  bending  moments  may  thus  be  found.  Fig.  6  shows  in  a 
general  way  the  distribution  of  bending  moments  for  the  conditions 
assumed  in  the  preceding  illustration  and  for  the  locomotive  shown. 
The  light  lines  show  the  moment  produced  by  the  individual  loads ;  the 
heavy  line  is  the  resultant  moment  due  to  the  combination  of  wheel 
loads. 

If  the  weights  on  the  several  drivers  differ,  as  in  the  case  with  the 
Mikado  locomotive  of  the  Illinois  Central  Railroad  used  in  the  tests, 
the  difference  in  the  wheel  loads  may  easily  be  taken  into  account  in  the 
calculations. 

The  track  depressions  caused  by  the  assumed  locomotive  loading 
may  be  calculated  by  a  similar  process.  At  any  point  along  the  rail  tin 
components  of  track  depressions  caused  by  the  individual  wheel  loads 
are  found,  and  their  algebraic  sum  gives  the  the  track  depression  result 
ing  from  the  combination  of  loads.  The  values  may  be  taken  from  Fig 
5   (which  gives  track   depressions  in   terms  of  y.>.   the  depression  under  a 

.r 
single  wheel  load)    foi   any  given  value  of      ,  when'  %  is  the  distance 
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from  the  given  point  on  the  rail  to  the  wheel  load  whose  effect  upon  the 
track  depression  is  to  be  determined  and  Xi  is"  the  distance  from  the  whirl 
to  the  point  of  zero  bending  moment  in  the  case  of  a  single  wheel  load. 
The  values  of  the  ratios  so  found  for  the  effect  of  the  several  loads  may 
then  be  added  algebraically;  the  product  of  this  resultant  ratio  and  yu  is 
the  resultant  track  depression  due  to  the  combination  of  loads.  Fig.  6 
illustrates  the  track  depression  lor  the  Mikado  locomotive  used  in  the 
example  illustrating  the  method  of  calculating  bending  moments.  The 
light  lines  show  the  track  depression  produced  by  the  individual  wheel 
loads;  the  heavy  line  is  the  resultant  track  depression  due  to  the  com- 
bination  of  wheel  loads.  To  illustrate  the  method  of  calculation,  con- 
sider the  case  of  the  track  depression  under  the  first  driver,  as  follows  : 

Effect  of  first  driver  -j-1.00 

.1-  12,500 

Effect  of  pilot   truck   wheel,    (—  =  3.06)  .  .  .—  .01  X —  .00 

.n  27,500 

.r 

Effect  of  second  driver,   (—  =  1.94) +  .23 

.n 
.r 
Effect  of  third  driver,      (—  =  3.88) —.04 

+1.19 
The  track  depression  at  the  first  driver  is  then  1.19  times  that  due  to 
the  weight  of  the  first  driver  if  it  acted  alone.  Since  Vo,  the  depression 
under  the  first  driver  acting  alone  from  equation  (9),  would  be  .00000774/'=: 
0.213  in.  for  the  conditions  already  assumed  for  the  track,  the  track 
depression  at  this  point  will  be  1.19  yo  =  0.254  in.  The  heavy  line  in 
Fig.  6  gives  the  resulting  track  depressions  at  all  points  along  the  loco- 
motive. The  vertical  pressures  may  be  found  from  the  track  depressions 
by  the  use  of  the  modulus  of  elasticity  of  rail-support,  u. 

Figs.  7  and  8  give  values  of  bending  moment  in  rail  and  track  de- 
pression for  an  Atlantic  locomotive  having  the  wheel  loads  and  wdieel 
spacing  shown,  the  former  for  the  worn  85-lb.  rail  section  used  on  the 
test  track  and  the  latter  for  the  125-lb.  rail  section,  the  value  of  u  being 
1500  lbs.  per  in.  per  in. 

Fig.  9  gives  values  of  bending  moment  in  rail  and  track  depression 
for  a  single  car  having  the  loads  shown,  and  Fig.  10  gives  values  for 
the  truck  wheels  of  two  adjacent  cars,  the  rail  being  the  worn  85-lb. 
section  of  the  test  track  on  the  Illinois  Central  Railroad  and  the  value  of 
u  1500  lbs.  per  in.  per  in. 

It  is  seen  that  by  the  method  here  described  the  effect  of  a  com- 
bination of  two  or  more  wheel  loads  upon  the  track  depression  and  the 
bending  moment  in  rail  may  be  determined  for  the  condition  of  con- 
tinuous support  here  assumed.  It  is  evident  that  a  second  wheel  load 
placed  within  a  limited  distance  from  another  wheel  will  cause  a  smaller 
bending  raomenf  to  be  produced  in  the  rail  at  the  wheel  and  likewise  a 
larger  track  depression  than  would  be  produced  with  a  single  wheel 
load.     The  distance  between   wheels  for   which  there  will   be   a  reduction 
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Fig.  7. 

bending  moments  and  track  depressions 
for  atlantic  locomotive,  from  analysis.  125-lb.  rail 
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in  bending  moment  at  the  first  wheel  will  depend  upon  the  rail  section 
used  and  upon  the  modulus  of  elasticity  of  rail-support.  A  third  wheel 
within  this  limiting  distance  (usually  on  the  other  side  of  the  first 
wheel)   will  also  act  to  decrease  still  further  the  bending  moment  in  the 

BENDING  MOMENTS  AND  TRACK  DEPRESSIONS 
FOR  LOADED  CAR.  FROM  ANALYSIS,  85-LB.  RAIL 


Eight  Lines -Diagrams  for  one-axle  I 


Heavy  Lines  -Compo&ito  diagram*. 


Fig.  9. 


BENDING   MOMENTS  AND  TRACK   DEPRESSIONS 

FOR  TRUCKS  OF  TrtO  ADJACENT  CARS,  FROM  ANALYSIS.  85-LB.   RAIL 

Wheel  Load,  I>=  20,000  lb. 


Light  lines-Diagram,  rorbne-axle  loads.  Heavy  lines-*  grains 

Fig.  10. 

rail  at  the  first  wheel.  The  effect  of  changes  in  the  values  of  tin- 
moment  of  inertia  of  the  rail  section  and  of  the  modulus  of  elasticity 
of  rail-support  upon  the  magnitude  of  the  bending  moments  and  track 
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depressions  will  depend  upon  the  spacing  of  the  wheels.     For  any  given 
wheel  loading  and  spacing  this  effect  may  be  readily  determined. 

7.  Discussion  of  Applicability  of  Analysis. — From  the  foregoing  illus- 
trations it  is  seen  that  the  method  of  applying  the  analysis  is  not  com- 
plicated. The  analysis  is  readily  applied  to  determining  the  effect  of  a 
combination  of  wheel  loads  having  any  arrangement  and  any  spacing. 
It  takes  into  account  the  effect  of  the  rail  section  used  and  of  the  stiff- 
ness of  the  track.  Although  the  cross-ties  form  a  discontinuous  support, 
their  width  forms  a  considerable  part  of  the  rail  length,  and  as  the 
distance  from  a  single  wheel  load  to  the  point  where  the  track  de- 
pression is  zero  covers  four  to  six  tie  spacings  in  such  track  as  that  on 
which  the  tests  were  made,  the  assumption  of  continuous  support  may 
not  be  expected  to  be  generally  much  in  error  for  the  usual  conditions  of 
good  track,  especially  as  the  method  used  for  determining  the  value  of 
the  modulus  of  elasticity  of  rail-support  will  carry  into  this  value  some 
of  the  conditions  attending  the  discontinuous  support.  Naturally  the 
magnitude  of  the  modulus  of  elasticity  of  rail-support  will  depend  upon 
the  size  and  spacing  of  the  ties,  the  quality  and  depth  of  the  ballast,  the 
stiffness  of  the  roadway,  and  the  general  condition  of  the  track;  and 
this  property  of  track  is  one  which  must  be  determined  by  tests  at 
different  locations  and  under  a  considerable  range  of  conditions. 

It  may  appear  at  first  thought  that  the  assumption  involved  in  the 
analysis  that  the  rail  support  is  capable  of  developing  negative  pressures 
may  interfere  with  the  accuracy  of  the  results.  Since  there  is  play 
between  the  rail  and  the  spikes,  and  since  the  ties  cannot  be  expected 
to  pull  down  on  the  rail,  at  least  until  there  is  some  upward  movement 
of  the  rail,  there  will  be  a  region  ahead  of  or  behind  a  single  wheel 
where  little  negative  pressure  may  be  developed  in  the  track.  However, 
in  a  combination  of  wheel  loads  with  the  spacing  usually  found  in  loco- 
motives, the  effect  of  adjacent  wheel  loads  in  the  analysis  is  such  thai 
there  will  be  no  negative  pressure  except  ahead  of  the  pilot  truck  wheel, 
and  here  the  weight  of  the  rail  itself  will  assist  in  developing  the  neg- 
ative pressure.  In  the  case  of  cars  the  analysis  may  give  negative 
pressures  at  a  point  between  the  front  truck  and  the  rear  truck  of 
a  car  but  not  between  that  of  one  car  and  the  next.  Tt  may  be  expected 
that  the  absence  of  resistance  to  the  upward  movement  of  the  rail,  as 
shown  by  a  rail  lifting  from  the  tic,  will  tend  to  increase  the  bending 
moment  in  the  rail  at  the  first  wheel  over  that  given  if  the  negative 
pressure  were  developed. 

Perhaps  a  more  serious  element  affecting  the  accuracy  of  this  an- 
alysis, and  of  any  analysis  which  could  readily  be  applied  to  combination-; 
of  wheel  loads,  lies  in  the  fart  thai  at  small  loads  the  magnitude  of  the 
track  depression  may  be  greater  accordingly  than  at  large  loads;  in  other 
words,  thai  tli'  modulu  of  elasticity  "f  rail  support  is  not  a  constant — a 
condition  which  may  exist  when  the  track  is  in  a  poorlj  tamped  condi 
don  However,  for  the  heavier  wheel  loads,  like  the  drivers  and  trailer, 
ibis  influence  may  nol   be  verj    important      Fot  .1  condition  where  the 
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modulus  of  elasticity  of  rail-support  is  not  a  eoastant,  the  principle  of 
superposition,  which  is  utilized  in  most  methods  of  analysis  involving 
flexure  of  structures,  is  nol  applicable,  and  hence  any  treatment  based 
upon  the  actual  relation  between  pressure  and  depression  will  be 
altogether  too  complicated  for  any  practical  use. 

It  ma\  not  be  expected  that  any  method  of  analysis  will  give  results 
that  will  lit  accurately  with  experimental  values.  The  variables  of  track 
are  numerous  and  uncertain.  Xot withstanding  this,  a  usable  analytical 
treatment  is  of  great  value  in  the  comparison  of  experimental  data  and 
in  acquiring  a  conception  of  the  fundamentals  of  track  action.  It  is 
believed  that  the  analysis  here  given  is  acceptable  from  most  points  of 
view.  Possibly  in  the  future  it  may  be  found  practicable  to  make  em- 
pirical  modifications  of   it   which   will  fit  more  closely   the  data  of  tests. 

(Ill  i     THE  CONDUCT  OF  TESTS. 
\      Apparatus  and  Method  of  Conducting  Tests: 

8.    General  Requirements  for  Test  Apparatus. — An  experimental  study 

of    stresses    in    railroad    track    involves    the   measurement    of   deformations 
or   strains  in   rails,   pressures    existing   at    various   points   throughout   the 
ballast,   deflection   of   rails,   depression   and  bending  of  ties,  and   depn 
at   various  points   in  the  ballast  and  the  roadway,   when  acted  upon  by   a 
load.     As   the   studj    of  the   effects   of   different   kinds   of   loading,    such   as 

axle  loading,   two-axle  loading,  loading   with   locomotives  of   different 

wheel  spacing  applied  both  statically  and  at  various  speeds,  was  an  essen- 
tial part  of  the  undertaking,  it  was  necessary  that  the  design  of  the 
instruments  be  made  suitable  for  use  under  the  diverse  conditions  of  the 
various  tests. 

In  the  design  of  instruments,  simplicity  and  reliability  in  operation 
rather  than  extreme  sensitiveness  were  considered  the  prime  requisites 
t  ir  measurements  of  strains,  pressure,  and  depression.  The  instruments 
must  be  so  designed  that  they  will  operate  satisfactorily  under  variable 
weather  conditions  and  give  reliable  results  when  used  amid  considerable 
dust  and  dirt.  Some  instruments  are  attached  to  rails  subjected  to  severe 
vibration  under  rapidly  moving  locomotives;  others  are  of  necessity  left 
buried  in  ballast  for  weeks  at  a  time.  As  thousands  of  observations 
Aire  taken  and  as  the  instruments  had  to  be  frequently  adjusted  or 
moved  in  the  short  time  between  the  passage  of  trains  on  a  busy  track, 
the  importance  of  simplicity  and  rapidity  of  operation  can  hardly  he 
overemphasized.      The    dust    and    dirt    unavoidably    present    would    greatly 

■    the  reliability  of  instruments  using  complicated,  delicate  mechanism. 

Nearly  all  the  instruments  used  were  designed  specially  for  this  work. 
To  meet  the  severe  conditions  of  field  tests  the  instruments  designed 
differ  from  the  Forms  which  might  be  suitable  for  instruments  to  be 
used  under  laboratorj  conditions.  This  difference  is  especially  great  for 
the  instruments  used  under  rapidly  moving  loads.  In  many  respects 
the    problems    involved    in    the    design    of    instruments    were    new,    and    in 
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some  cases  many  attempts  were  made  and  a  number  of  forms  of  instru- 
ments were  tried  out  before  satisfactory  results  were  obtained.  Much 
time  was  spent  in  experimenting  with  various  forms  of  instruments  to 
meet  the  needs  of  existing  conditions.  Details  have  been  changed  from 
time  to  time  as  improvements  were  devised.  The  instruments  described 
herein  show  the  final  form  chosen  after  the  various  modifications  of 
details.  In  all  cases  the  instruments  have  given  consistent  results,  have 
been  found  to  be  sufficiently  sensitive  to  permit  satisfactory  interpreta- 
tion of  test  results,  have  been  accurate  within  the  limits  which  were 
thought  necessary  and  desirable,  and  have  proved  reliable  and  simple  in 
operation. 

9.  The  Strain  Gage  and  Its  Use  in  Measuring  Strain  in  Rails  Under 
Static  Load. — In  the  tests  with  static  loading  longitudinal  strains  in  the 
rails  under  bending  load  were  measured  by  means  of  a  Berry  strain 
gage.  Fig.  11  shows  the  strain  gage  used.  The  strain  gage  measures 
the  change  of  distance  between  two  small  drilled  holes  A  and  B,  called 
the  gage  points,  which  lie  at  the  two  ends  of  a  gage  line  along  which 
the  strain  is  to  be  measured.  To  the  frame  of  the  strain  gage  are 
attached  a  dial  micrometer  and  two  pointed  legs;  one  leg  B  is  rigidly 
attached  to  the  frame  and  the  other  leg  pivoted  to  the  frame.  The 
pivoted  leg  forms  one  arm  of  a  bent  lever  A  C  D,  the  other  arm  of 
which  bears  against  the  dial  micrometer  M,  which  is  attached  to  the 
frame  of  the  instrument.  The  pointed  ends  of  the  legs  of  the  instrument 
are  placed  in  the  gage  holes  and  the  reading  of  the  micrometer  dial 
noted.  This  is  done  both  with  no  load  and  with  a  given  load.  For  any 
gage  line  the  total  strain  is  given  by  the  difference  between  the  reading 
under  no  load  and  the  reading  under  load.*  The  general  method  of  using 
the  strain  gage  consists  in  taking  readings  on  a  series  of  gage  lines  with 
no  load  on  the  rail,  and  then  taking  a  series  of  readings  on  the  same  gage 
lines  with  a  known  load  on  the  rail.  For  accurate  work  the  strain  gage 
requires  the  touch  and  care  of  a  skilled  operator.  The  unit  strain  is 
found  by  dividing  the  total  strain  by  the  length  of  the  gage  line,  and  the 
longitudinal  stress  is  determined  by  multiplying  the  unit  strain  by  the 
modulus  of  elasticity  of  the  steel,  which  for  the  purposes  of  these  tests 
has  been  taken  as  30,000,000  lbs.  per  sq.  in.  The  length  of  the  gage  line 
used  with  the  strain  gage  was  four  inches.  The  gage  holes  at  the  ends 
of  each  gage  line  were  drilled  about  i^-in.  deep  with  a  No.  54  drill 
(0.055  in.  in  diameter)  and  were  located  in  the  top  of  the  base  of  the  rail 
about  rA-'m.  from  the  edge.     (See  Fig.  11.) 

10.  The  Level  Bar  and  Its  Use  in  the  Measurement  of  Rail  Perfec- 
tion and  Tie  Depression  Under  Static  Load. — For  measuring  the  deflec- 
tion of  rail  and  the  depression  and  bending  of  ties  the  level  bar  shown  in 


•For  a  more  detailed  discussion  of  the  strain  gape  and  its  use.  see 
Bulletin  G4  of  the  Engineering  Experiment  Station  of  the  University  of 
Illinois,  "Tests  of  Reinforced  Concrete  Buildings  under  Load."  by  Talbot  and 
Slater,  and  Proceedings  of  the  American  Society  for  Testing  Materials  for 
1915,  p.  1019,  "Use  of  the  Strain  Gage  in  Testing  Materials,"  by  Slater  and 
Moore. 
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Fig.  13  was  used.  It  is  a  modification  of  an  instrument  used  by  Dr.  P.  H. 
Dudley,  Const#:ing  Engineer  of  the  New  York  Central  Lines,  for  de- 
termining tie  and  rail  depressions,  differing  from  Dr.  Dudley's  instru- 
ment in  the  length  of  bar  and  in  the  micrometer  device.  The  distance 
between  the  two  conical  points  A  and  B  is  20  in. 

In  use  A  is  placed  on  a  reference  point,  and  B  is  placed  on  the  spot 
whose  deflection  is  desired.  The  leveling  nut  Ar  is  then  turned,  raising 
or  lowering  the  plunger  P  until  the  horizontal  bar  stands  level  as  shown 
by  the  position  of  the  level  bubble.  The  dial  micrometer  M  is  attached 
to  the  plunger  P.  A  reading  of  the  dial  micrometer  is  taken  without 
load  and  another  with  load.  The  difference  between  the  two  readings 
gives  the  change  in  elevation  at  one  point  with  respect  to  the  other.  In 
cases  for  which  a  constant  gage  length  of  20  in.  was  not  convenient, 
instead  of  resting  the  instrument  on  A  the  longitudinal  slot  in  the 
horizontal  bar  is  placed  on  a  projecting  point,  such  as  the  pointed  rod 
of  a  depression  plug  (Q,  Fig.  28).  The  determination  of  deflection  by 
the  use  of  the  level  bar  is  not  affected  by  the  distance  between  reference 
points. 


N 


H^ 


S'"t  LEVEL  BAR 

A 


Fig.  13. 


11.  The  Depression  Plug  and  Its  Use  in  the  Measurement  of  De- 
pression in  Ballast  and  Roadway. — In  order  to  measure  the  depression 
under  static  load  of  the  ballast  at  various  points  and  depths  and  also 
the  depression  of  the  roadway  the  device  shown  at  the  left  in  Fig.  14 
was  used.  This  device  is  called  a  depression  plug.  It  consists  of  a  plate 
P  about  3  in.  square,  lo  which  is  attached  a  tube  T  with  a  rod  Q,  which 
is  adjustable  for  height.  The  plate  P  is  placed  in  the  ballast  or  over 
the  roadway  where  the  depression  is  to  be  measured  and  outer  tube  5" 
is  placed  over  the  tube  T.  Direct  contact  of  T  with  the  ballast  would 
cause  friction  between  them  and  consequently  the  depression  of  P  would 
be  affected.  The  enclosing  of  T  with  \  prevents  this.  The  lower  end  of 
the  outer  tube  .V  is  raised  an  inch  or  two  above  (he  plate  /'.  As  de« 
pression  occurs  at  /'  the  rod  Q  is  depressed  an  equal  amount  and  the 
depression  may  be  measured  by  means  of  the  level  bar. 

For  measuring  depressions  directly  under  a  tie  the  double  depression 
plug  &hown  at  the  righl  in  Fig  II  was  osed.  The  action  of  this  plug  is 
the  same  as  thai  of  the  single  depression  plug,     ll"-  average  of  the  de- 

00    indicated    bj    readings   taken    upon    both    rods   of    the   double    phlg 
was  taken  as  the  average  depression  at  the  middle  of  the  width  of  a  tie. 
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12.  The  Pressure  Capsule  and  Its  Use  in  the  Measurement  of 
Pressure  in  Ballast. — For  measuring  the  pressure  transmitted  to  various 
parts  of  the  ballast  the  p  apsuh    shown  in  Fig.  15  was  used.    The 

clastic  deflection  of  a  thin  steel  diaphragm  is  used  to  measure  the 
amount  of  pressure  applied  to  the  capsule.  The  pressure  to  be  measured 
eived  on  the  bearing  plate  /\  which  has  an  area  of  five  square 
inches;  the  pressure  is  transmitted  t<>  the  thin  steel  diaphragm  D,  which 
is  fastened  by  screws  around  its  circumference  t<>  the  cast-iron  <. 
Ili  screw  V  which  fastens  the  plate  /'  to  the  diaphragm  1>  is  hardened 
and  hear-  on  one  knife  (due  of  the  small  hell-crank  lever  I.  which  i> 
pivoted  at  Q.  The  vertical  deflection  of  the  center  of  the  diaphragm  is 
transmitted  by  the  bell-crank  lever  (magnified  about  three  times)  in  a 
horizontal    direction    to    the    rod   A    which    slides    in    guide-   N   A"    and    i- 
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Fig.  14. 


enclosed  in  a  horizontal  tube  K  and  finally  bears  against  the  plunger    I 

of  an  indicating  dial  micrometer,  whose  movement  is  tints  a  measure 
of    the    elastic    deflection    of    the    diaphragm    />.       If    the    material    of    the 

diaphragm  is  not  stressed  beyond  its  elastic  limit  the  deflection  of  the 
diaphragm,  and  the  consequent  movement  of  the  pointer  of  the  dial 
micrometer,    may    he    Used    to    measure    the    load    on    tin     plate    /'.      Each 

re  '  tpsule  was  calibrated  by  placing  it  on  a  platform  scale  and  by 
nvan    of  a  screw  clamp  applying  a  series  of  loads  covering  the  range  of 

e.  The  instrument  was  recalibrated  after  use.  The  dial  of  the 
micrometer  wa-  arranged   so  a-  t"  lie  adjusted  to  read  zero  at   zero  load. 
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This  does  away  with  the  need  of  applying  a  correction  for  zero  reading. 

The  thin  elastic  diaphragm  is  made  of  hardened  steel.  The  bear- 
ing plate  serves  to  take  load  of  any  distribution  or  concentration  upon 
it  and  to  apply  this  load  as  a  concentrated  load  at  the  center  of  the 
diaphragm. 

This  form  of  pressure  capsule  was  adopted  after  trying  various 
other  devices.  In  one  instrument  tried  a  capsule  was  filled  with  water 
and  the  deflection  of  the  cover  measured  by  the  amount  of  water  forced 
into  a  small  tube  connected  with  the  capsule.  This  instrument  proved 
inaccurate  under,  varying  temperatures.  In  another  form,  the  deflection 
of  the  cover  of  the  capsule  acted  on  the  ends  of  a  slightly  bent  spring. 


PRESSURE  CAPSULE 


1. 
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Fig.  15. 
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Fig.  16. 

and  the  lateral  motion  of  the  spring  was  measured.  This  form  was  less 
sen.si.tiyc  than  the  form  shown  in  Fig.  IS.  Attempts  wen  made  to  meas 
hit  pressures  bj  means  of  the  varying  electrical  conductivity  produced 
in  varjpus  substances  by  variations  in  pressure..  This  method  did  n<>t 
in  i. H  tory  results. 
The  position  of,  pressure  capsules  as  placed  in  the  ballast  is  shown 
in   Fig.   16.     At  the  spot  where  it   \%   desired  to  measure  pressure  a  cap 

jule  is  placed  with  th<    mum 1 1  x    bearing   plate  /'  perpendicular  t<> 

the  direction  oi   the  pressure  to  be  measured,      ^bpve  the  bearing  plati 
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is  spread  a  cushion  of  fine  material  to  guard  against  undue  concentra- 
tion of  pressure  from  large  pieces  of  ballast.  The  horizontal  tube  A" 
with  its  enclosed  rod  extends  outside  the  ballast  and  at  its  end  carries 
the  dial  micrometer  M.  The  total  pressure  carried  by  the  bearing  plate  P, 
when  load  is  applied  to  the  track,  is  indicated  by  the  reading  of  the 
micrometer  dial,  and  the  intensity  of  pressure  for  that  spot  in  the  ballast 
is  found  by  dividing  the  total  load  on  the  pressure  capsule  by  the  area  of 
the  bearing  plate  P.  Sand  and  dirt  are  prevented  from  coming  between 
the  bearing  plate  P  and  the  diaphragm  of  the  instrument  by  friction  tape 
wrapped  round  the  case  of  the  pressure  capsule. 

13.  Indicating  Jacks  and  Their  Use  in  Applying  One-axle  and  Tzvu- 
axle  Loads. — For  applying  loads  equivalent  to  a  one-axle  load  and  to  a 
two-axle  load  a  flat  car  loaded  with  25  to  50  tons  of  rails  was  used  in 
connection  with  special  load-indicating  screw  jacks.  As  shown  in  Fig.  17, 
the  rails  on  the  car  were  supported  on  H-beams  placed  crosswise  of  the 
car.  Against  the  bottom  of  these  H-beams  the  upper  ends  of  the  indicat- 
ing screw  jacks  bore.  The  lower  ends  of  the  screw  jacks  bore  against 
the   rails   through   curved    bearing   blocks   having   a   radius   approximating 
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loading  apparatus  for  one-axle  and  two-axle  loads 

Fig.  17. 

that  of  an  ordinary  car  wheel,  but  not  coned.  The  outer  jacks  in  Fig.  17 
indicate  the  position  for  two-axle  loading  and  the  middle  one  for  one- 
axle  loading. 

The  construction  of  the  load-indicating  screw  jacks  is  shown  in  de- 
tail in  Fig.  18.  The  load  is  applied  by  turning  the  capstan  nut  N  on  the 
screw  S,  and  the  amount  of  load  is  measured  by  means  of  the  inclina- 
tion given  to  the  ends  of  the  flat  nickel-steel  spring  P.  As  this  spring 
deflects  under  load  the  ends  are  inclined  and  with  them  the  uprights 
I '  V.  The  distance  between  the  tops  of  the  uprights  is  lessened,  and 
the  amount  of  motion  is  indicated  by  the  dial  micrometer  M.  The  load- 
indicating  screw  jacks  were  calibrated  in  the  laboratory  by  loading  with 
known  loads  in  a  testing  machine.  Stresses  and  depressions  were  gen- 
erally measured  for  one  rail  only,  but  in  order  to  have  both  rails-  sym- 
metrically loaded  it  was  necessary  to  use  load-indicating  jacks  on  both 
rails.  Fig.  12,  from  a  photograph,  shows  the  jacks  in  place  under  the 
car  of  rails  ready  to  apply  a  one-axle  load. 

14  The  Slrcmmatograph  and  Its  Use  in  Measuring  Rail  Strains. — 
In   order  to  measure  the  strains  in  rails  under;  moving  locomotive  loads 
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it  is  necessary  to  use  recording  instruments,  as  the  motion  of  an  indi- 
cating pointer  would  be  too  rapid  to  be  followed  accurately  by  the  eye. 
Recording  instruments  for  track  tests  under  rapidly  moving  loads  must 
withstand  severe  vibration,  must  be  used  in  places  exposed  to  dust  and 
dirt,  and  must  permit  a  large  number  of  readings  to  be  taken.  It  is 
evident  that  some  simple  form  of  recording  device  is  essential,  one 
with  few  parts,  one  which  may  be  quickly  attached  in  position,  one 
whose  record  may  be  read  quickly  and  accurately. 

A  number  of  types  of  recording  instruments  were  considered  before 
deciding   on   the   type   to   be   used.      Instruments    with   multiplying   levers 
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details  of  load-indicating  jao 

Fig.  18. 

were  regarded  as  unsuitable;  experience  with  recording  instruments  ha 
shown  thai  uncertain  effects  art-  introduced  by  inertia  ol  moving  parts 
if  the  load  is  rapidly  applied.  Instruments  involving  the  use  <>i  n  raj 
of  li^'it  reflected  from  a  mirror  to  a  sensitized  photographic  film  were 
considered.  This  type  of  instrument  gives  the  highest  degree  of  sensi 
tiveness  of  any  type  considered,  but  its  use  involves  rather  cumbersome 
arrangements  of  1  i v;  1 1 1  prool  tubes  leading  from  the  mirroi  t"  the  film, 
lal  source  ol   light   would  be  necessary,  and  much  time  would  be 
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repaired  to  develop  films.  A  very  ingenious  mirror-lype  extensometer 
designed  and  constructed  l>y  Mr.  W:  M.  Dawlej  and  this  instru- 
ment may  be  <-f  great  service  in  case  very  delicate  measurements  of 
strains  are  found  to  be  necessary  in  the  development  of  further  tests. 
In  general,  however,  for  track  te^ts  the  use  of  mirror-type  instruments 
with  photographic  recOrds  would  eon-ume  too  much  time,  and  they 
would  be  too  likely   to  get  out  ot  adjustment  under  field  conditions. 

For  general  use  in  measuring  rail  strains  it  was  decided  to  use 
an  instrument  involving  the  general  principle  utilized  in  the  stremmato- 
graph  developed  by  Dr.  P.  H.  Dudley,  Consulting  Engineer  of  the  Xew 
York  Central  Lines.  In  that  instrument*,  as  designed  by  Dr.  Dudley, 
a  sharp  steel  point  draws  a  diagram  on  a  flat  plate  of  polished  phosphor 
bronze.  No  mechanical  multiplying  device  is  used,  and  the  motion  of 
the  recording  point  across  the  bronze  plate  (ordinates  of  the  diagram! 
is  equal  to  the  strain  in  the  rail  between  gage  points.  The  gage  points 
were  on  the  under  side  of  the  base  of  the  rail,  near  the  outer  edge; 
measurements  were  not  made  along  the  inner  edge.  The  bronze  plate 
is  given  rectilinear  motion  at  right  angles  to  the  motion  of  the  record- 
ing point  by  a  screw  drive.  The  record  graven  on  the  bronze  plate 
is  examined  under  a  high-power  microscope  and  the  strain  at  any 
desired  point  on  the  record,  given  by  the  height  of  the  diagram,  is 
measured  by  means  of  a  filar  micrometer  eye  piece. 

The  instrument  used  by  the  Committee  differs  in  several  important 
details  from  the  stremmatograph  described  above.  When  the  record 
is  made  on  a  bronze  plate,  the  scribing  needle  must  be  reground  after 
taking  a  few  records.  This  regrinding  was  a  slow  process,  requiring 
a  high  degree  of  skill.  After  experimenting  with  various  means  of 
making  a  record,  it  was  decided  to  make  the  records  of  strain  on  a 
glass  disc  very  lightly  smoked.  It  was  found  that  a  steel  needle  sweeps 
a  smooth-edged,  sharply-defined  path  through  the  very  fine  particles  of 
lampblack  which  coat  the  disc,  and  that  the  width  of  such  a  path  is  very 
uniform. 

After  experimenting  with  various  kinds  of  needles,  it  was  found 
that  a  steel  phonograph  needle  was  suitable  for  making  stremmatograph 
records  on  smoked  glass,  and  such  needles  were  inexpensive  and  could 
be  readily  obtained.  Phonograph  needles  as  purchased  were  found  to 
be  too  hard  and  brittle,  and  before  being  used  to  trace  stremmatograph 
records  the  temper  was  drawn  slightly  by  heating  in  oil  at  a  tempera- 
ture of  536  degrees  Fahrenheit  (280  degrees  Centigrade)  for  thirty 
seconds  and  then  quenching  in  water. 


•The   following  articles   by  Dr.   P.   H.   Dudley  give   some   results  of  testa 
made  with  his  stremmatograph: 

Stresses  in  Rails  under  Moving  Loads.  Railroad  Gazette.  May  20.  1898. 

Stresses    in    Railway    Track    under    Moving    Trains.    Engineering    News, 
1898. 

Stresses  in   Rails  under  Moving  Loads.   Railroad  Gazette.  Oet   21.    1  *• 

K.iil    Stresses — Tests    of    Unit     Fiber    Strains,    Kngineering    News,    .Nov. 
14.    1901. 

Btremmatograph    Tests,    etc,    Rulletin    International    Railway 
June,  1904. 
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For  moving  the  glass  disc  to  give  length  to  the  record,  a  rotary 
motion  of  the  disc  was  used  instead  of  the  rectilinear  motion  used  by 
Dr.  Dudley,  and  a  circular  diagram  drawn  rather  than  a  straight-line 
diagram.  Freedom  from  play  in  bearings  is  of  the  very  highest  impor- 
tance for  securing  accuracy  in  such  an  instrument.  Bearings  for  cir- 
cular motion  can  be  made  free  from  perceptible  play  more  easily  than 
can  bearings  for  straight-line  motion.  The  plane  of  the  record  disc 
is  vertical.  The  most  serious  vibration  of  the  rail  is  up  and  down 
vibration,  and  this  vibration  has  the  least  dulling  effect  on  the  needles 
and  causes  the  least  variation  in  the  width  of  the  line  if  the  plane  of 
the  record  disc  is  vertical. 

For  smoking  the  glass  discs  used  in  the  stremmatograph  and  other 
recording  instruments,  gasoline  was  used.  Of  all  of  the  various  coat- 
ings tried,  it  was  found  that  the  smoke  from  burning  gasoline  gave  a 
coating  on  which  the  needle  scratches  left  the  sharpest  clear-cut  lines. 
In  smoking  the  discs,  these  were  held  by  a  special  device  and  passed 
back  and  forth  through  the  smoke.  The  gasoline  was  burned  in  a 
small  open  cup  holding  about  two  ounces. 

As  the  tests  progressed  various  details  of  the  stremmatograph  were 
altered.  The  latest  form  of  the  stremmatograph  used  is  shown  in  Fig. 
19.  Two  clamps,  A  and  B,  are  attached  to  the  base  of  the  rail  4  inches 
apart,  and  between  these  two  clamps  extend  two  needle  bars,  N  N. 
One  end  of  each  needle  bar  is  in  the  shape  of  a  spherical  head  with  a 
slender  stem;  the  other  end  of  each  needle  bar  is  clamped  by  a  set-screw 
to  the  clamp,  A  (called  the  anchor  clamp)  ;  and  the  spherical  end  of 
each  needle  bar  is  free  to  slide  in  a  brass  sleeve  in  the  clamp  B  (which 
is  called  the  record  clamp).  Any  point  on  the  needle  bar  will  move  with 
respect  to  any  point  on  the  record  clamp  B,  an  amount  equal  to  the  stretch 
or  the  shortening  of  the  rail  along  the  line  of  the  needle  bar.  With  the 
instrument  shown,  records  are  obtained  for  strains  along  both  the  inner 
and  the  outer  edges  of  the  base  of  the  rail. 

In  the  first  design,  measurements  of  strain  were  made  on  only  one 
side  of  the  rail,  but  when  it  was  found  that  there  was  an  appreciable 
difference  in  the  stresses  on  the  two  sides  of  the  rail  the  design  was 
altered  so  as  to  include  measurements  on  the  two  sides  of  the  rail. 

Each  of  the  clamps  A  and  B  i^  Fastened  to  the  base  of  the  rail  by 

one    set    screw   and   one    fixed   hardened    steel    point.      The  clamps   are   pre 

vented  from  pivoting  or  rotating  about  the  clamping  points  by  the  steady- 
ing screws  Si,   St,   St   and  S,   which   hear   against    the   bottom   of   the    rail 
The   brass   sleeves    in    the   damps    are    so    located    that    the    center    lii 
the   needle    bars   come    directly    under    the    inn.  i    and    outer   edges    of    the 
of  the  rail.    The  fit  of  the  sliding  end  of  a  needle  liar  in  its  guide 

must    he   made    with    care.      Each    needle  'har    is    fitted   with    a    brass 

damp  plate  /•.  which  holds  a  hardened  phonograph  needle  /..  which  bears 
t  the  smoked  ord  disc  D.     It  is  necessary  that  the  needle 

bars  shall  he  rigid  in  a  vertical  plane,  and  that  they  shall  have  consider 
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able  "spring"  in  a  horizontal  plane  so  that  an  even  pressure  of  the  needle 
point  against  the  record  disc  may  be  maintained.  This  combination  is 
effected  by  making  a  part  of  each  needle  bar  a  thin  flat  spring  with  the 
wfdth  vertical.  To  prevent  turning,  the  sliding  end  of  each  needle  bar  is 
held  by  a  pin  X,  which  slides  in  a  guide  slot  W. 

In  the  development  of  the  stremmatograph  various  types  of  needle 
bars  were  tried.  First  a  needle  bar  without  any  spring  was  tried,  but 
this  did  not  give  satisfactory  records.  Next  the  type  shown  in  Fig.  20 
was  used.  This  type  was  fitted  with  two  springs  and  gave  better  records 
than  the  stiff  bar,  but  at  high  speeds  this  type  of  bar  "chattered"  and 
caused  the  needle  to  cut  into  the  glass  record  disc.  It  was  found  out 
later  that  this  type  of  bar  had  an  appreciable  "lag"  due  to  excessive 
flexibility  in  a  horizontal  plane ;  the  result  of  this  is  that  the  results 
obtained  are  somewhat  small.  Practically  all  of  the  records  of  1915  were 
obtained  with  instruments  fitted  with  this  second  type  of  needle  bar. 
The  change  to  the  later  type  of  needle  bar  accounts  for  the  improvement 


early  type  of  needle-bar  for  stremmatograph 
Fig.  20. 

in  consistency  of  results  of  1916  tests  over  the  results  of  1915  tests.  The 
1916  tests  and  all  subsequent  tests  were  made  with  instruments  fitted  with 
the  form  of  needle  bar  shown  in  Fig.  19. 

Each  of  the  smoked-glass  record  discs,  on  which  the,  records  of 
strain  are  taken,  is  clamped  against  a  face  plate  C  by  means  of  a  screw 
cap  K  (Fig.  19).  Between  the  record  disc  and  the  face  plate  is  placed 
a  circular  piece  of  sheet  rubber  R.  Each  face  plate  is  driven  by  a  shaft 
T,  which  rotates  in  double  bearings  C7  and  is  itself  driven  by  sprocket 
and  chain  from  a  drive  shaft  H  located  below  the  instrument.  This 
drive  shaft  H  turns  in  eccentric  bearings  which  permit  adjustment  of 
chain  tension,  and  is  driven  through  a  flexible  spring  coupling  (shown  at 
A,  Fig.  21)  by  a  long  shaft  which  extends  to  one  side  of  the  track- 
It  is  of  highest  importance  that  all  play  be  taken  up  in  the  bearings 
of  the  driven  shaft  T,  as  any  radial  play  is  recorded  as  strain  on  the 
smoked  glass  disc.  The  double  bearings  G  were  ground  to  fit  the  shaft 
T,  and  the  split  bearings  wen-  fitted  with  tightening  screws  J  fur  taking 
up  wear.  In  order  to  eliminate  all  play,  the  bearings  were  tightens 
tli'  haft  mi  that  the  shaft  drove  with  considerable  friction.  Washers 
and  collars  were  used  to  prevent  axial   play. 

For  convenience  in  changing  discs  or  needles  the  bearings  (1  for  tin- 
disc  shaft  T  were  attached  to  the  clamp  B  by  means  of   a   taper  pin   (,'. 
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Fig.  21— Stremmatograph  in  Position  on  Rail. 


Fig.  22— Photomicrograph  of  Stremmatograph  Record. 
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which  served  as  a  pivot  around  which  the  bearings,  disc  shaft,  face 
plate,  and  disc  could  be  swung  so  that  the  screw  cap  K  could  be  un- 
screwed, the  smoked-glass  disc  removed  and  another  substituted  or  so 
that  the  needle  could  be  changed  or  adjusted.  When  in  position  for 
taking  records  the  bearings,  shaft  and  disc  were  clamped  fast  by  clamp 
screws  U  and  V. 

Fig.  21  is  from  a  photograph  of  a  stremmatograph  in  position  on  a 
rail.  That  part  of  the  instrument  behind  the  rail  is  shown  by  means  of 
a  double  exposure  of  the  photographic  plate  used  in  taking  the  picture. 
Fig.  22  is  from  photomicrographs  of  typical  stremmatograph  records. 
The  zero  line  was  obtained  by  giving  the  record  disc  one  complete  revolu- 
tion with  no  load  on  the  track.  Height  of  strain  diagram  is  measured 
from  this  zero  line. 

As  the  records  of  strain  were  obtained  for  both  edges  of  the  base 
of  the  rail,  it  was  necessary  to  make  the  clamps  to  fit  the  particular 
size  of  rail  upon  which  the  stremmatograph  was  to  be  used.  Except  for 
the  clamps,  the  details  of  the  instruments  are  the  same  for  all  sizes  of 
rail. 

Instruments  were  made  covering  the  following  rail  sections :  56-lb., 
75-lb.,  85-lb.  and  100-lb.  A.S.C.E.  rail  sections;  the  125-lb.  P.  R.  R.  rail 
section  and  the  136-lb.  L.  V.  R.  R.  rail  section.  Fig.  19  shows  the  instru- 
ment used  for  the  85-lb.  A.S.C.E.  rail.  Usually  for  any  test  four  instru- 
ments were  used  at  one  time. 

15.  The  Recording  Pressure  Capsule. — For  recording  pressures  un- 
der moving  load  at  various  points  in  the  ballast  recording  pressure  cap- 
sules were  used.  These  differed  from  the  pressure  capsules  used  for 
static  tests  only  in  the  substitution  of  recording  devices  for  the  dial 
micrometers  used  with  the  pressure  capsules  for  static  loads,  which  are 
shown  in  Fig.  15.  Fig.  23  shows  the  recording  device  for  the  instrument 
for  tests  with  moving  loads.  In  the  end  of  the  horizontal  tube  which 
extends  sidewise  from  the  pressure  capsule  is  fastened  a  bearing  plug 
P,  in  which  slides  a  plunger  L,  which  is  normally  held  in  its  innermosl 
position  by  a  spring  S.  At  the  outer  end  of  the  plunger  L  is  fastened  a 
flat  spring  R  with  its  width  vertical,  and  at  the  outer  end  of  this  tl.it 
spring  is  a  needle  chuck  C,  in  which  a  needle  is  held  by  a  set  screw. 

A  block  D  is  clamped  on  the  outer  end  of  the  horizontal  pipe   >  \ 
tending  from  the  pressure  capsule.    To  this  block  is   fastened  by  means 
of  a   taper  pin   T,  and  clamping  screws  K,   K'.   a   double  bearing  G.   in 
which  turns  a  shaft  A  to  which  is  attached  a   face  plate  /  .  on  which  a 
smoked  glass  disc  I>  is  clamped  by  the  screw  cap  E     The  bearing,  the 
plate,  the  disc  and  the  screw  cap  are  the  same  as  the  corresponding 
pieces  used  with  the  stremmatograph      For  the  recording  pressure  cap 
miIi    tin    disi     bait   A  is  driven  \<y  a  round  bell  operating  th 
pulley    Y.     The   deflection    of    the    diaphragm   of    the    pressure   capsule 
a  motion  <>i   the  plungei   /.  which,  in  turn,  causes  motion  n\  the 
needle.     The  tn< >t i< >n   of  the  needle  drav     the  diagram   as   tin-  smoked 
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glass  disc  D  is  turned  and  the  moving  load  passes  the  instrument.  The 
radial  ordinates  of  this  diagram  measured  from  a  base  circle  for  zero 
load  are  proportional  to  the  amount  of  deflection  of  the  diaphragm  of 
the  pressure  capsule  and  hence  arc  a  measure  of  the  pressures  at  the 
point  in  the  ballast  where  the  capsule  is  located.  The  measurement  of 
the  radial  ordinates  of  pressure  capsule  records  is  made  with  a  micro- 
scope fitted  with  a  micrometer  eyepiece 

Winn  the  pressure  capsule  was  being  designed  little  attempt  was 
made  to  work  out  the  details  of  an  instrument  which  would  operate 
satisfactorily  under  moving  loads,  as  only  static  load  tests  were  being 
made  at  that  time.  Later  the  recording  device  was  designed  for  use 
with  the  pressure  capsules  under  moving  loads  and  a  number  of  tests 
were  run.     It  is  thought,  however,  that  due  to  the  inertia  of  parts  in  the 


I 


¥ 


RECORDING  DEVICE  FOR  PRESSURE  CAPSULE 

Fig.  23. 

instruments,  measurements  of  pressures  under  moving  loads  at  speed  will 
be  inaccurate  and  unreliable,  especially  at  high  speeds. 

16.  Drive  Rig  for  Moving  Load  Tests. — The  drive  apparatus  for 
turning  the  discs  of  the  recording  instruments  in  the  moving  load  tests 
is  shown  at  one  side  of  the  track  in  Fig.  25.  The  main  drive  shaft  is 
driven  by  hand  through  a  crank  and  worm  reducing  gear,  and  this  in 
turn  drives  small  shafts  which  are  connected  with  the  several  strem- 
matographs.  While  the  attempt  was  made  to  have  the  speed  of  rotation 
of  the  drive  about  proportional  to  the  speed  of  the  locomotive,  this  was 
not  considered  a  very  important  matter.  As  long  as  the  drive  was  fast 
enough  to  separate  the  portions  of  the  curve  corresponding  to  the 
passage  of  successive  wheels,  no  trouble  was  encountered  in  reading  the 


STRESSES    IN    RAILROAD    TRACK.  911 

various  strains  from  the  curves,  nor  was  it  necessary  to  have  a  means 
for  establishing  the  position  of  the  locomotive  with  respect  to  the  loca- 
tion of  the  instrument  other  than  that  given  by  the  records  themselves. 
As  can  be  seen  from  Fig.  22  the  records  show  definite  maximum  values 
in  the  curves  corresponding  to  the  passage  over  the  instruments  of  vari- 
ous wheels  of  a  locomotive.  It  is  obvious  that  such  a  maximum  value 
can  only  occur  when  a  wheel  is  over  the  instrument,  so  it  is.  unnecessary 
to  have  other  means  for  determining  the  position  of  the  locomotive. 

17.  Measurement  of  Deflection  of  Rail  by  Means  of  a  Camera. — In 
moving  load  tests,  the  deflection  of  various  points  of  the  rail  was  meas- 
ured by  means  of  a  double  exposure  photograph.  At  intervals  there  were 
glued  along  the  outside  of  the  rail  small  pieces  of  black  paper  with  small 
white  crosses  on  them.  A  Speed  Graphic  camera  for  5  in.  x  7  in.  plates 
was  set  up  at  a  distance  of  about  10  ft.  from  the  rail,  as  shown  in  Fig. 
25.  At  this  distance  the  vibration  of  the  camera  was  found  to  be  small, 
and  it  did  not  materially  affect  the  results  of  the  measurement  except 
at  high  speeds.  The  camera  was  fitted  with  an  anastigmat  lens  having 
a  speed  of  F  4.5  and  a  focal  plane  shutter  giving  a  minimum  length  of 
exposure  of  0.001  second.  For  any  given  observation  a  photograph  was 
made  of  the  unloaded  rail  with  its  attached  white  crosses.  Then,  without 
changing  the  plate  in  the  camera  or  moving  the  camera,  the  camera 
shutter  was  set  for  the  next  exposure.  The  camera  shutter  was  fitted 
with  an  electro-magnet  release  and  the  wires  from  the  magnet  led  through 
a  battery  to  a  contact  piece  attached  to  the  rail.  As  the  locomotive  ran 
on  the  test  section  of  track  the  front  truck  as  it  passed  over  the  contact 
piece  closed  the  circuit  through  the  electro-magnet,  and  a  second  photo- 
graph of  the  rail  with  its  attached  white  crosses  was  made  on  the  plate 
in  the  camera.  On  the  plate  when  developed,  each  small  white  cross 
shows  as  a  vertical  line  crossed  by  two  horizontal  lines,  and  the  distance 
between  the  horizontal  lines  is  proportional  to  the  depression  of  the  rail. 
This  distance  was  measured  by  means  of  a  microscope  with  a  micrometer 
eyepiece  and  multiplication  by  a  factor  gave  the  amount  of  the  rail 
depression. 

With  one  camera  the  depression  of  rail  may  be  measured  for  a 
length  of  about  ten  feet.  Generally  two  cameras  were  used  at  one  time 
both  operated  at  the  same  time  by  the  magnetic  release.  In  examining 
the  developed  photographic  plates  with  a  microscope  the  maximum 
magnification  used  was  about  75  times.  Under  higher  magnification  the 
silver  grains  on  the  sensitized  surface  of  the  plat,  showed  a^  small  pai 
tides  to  such  an  extenl  that  the  edges  of  the  lines  whose  distance  apart 
was  to  be  measured  were  blurred,  With  the  camera  10  ft  from  tin- 
track  and  a  magnification  of  75  in  the  measuring  microscope,  the  de 
flection  of  rail  can  be  determined  with  a  precision  of  about  0.01  in. 

For  this  photographic  measurement  Cramer  Grown  single  coated 
photographic   plates   were   u  ed.     Th<   i    plates    were   found   t<>  combine 
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high  sensitiveness  to  light  with  fine  grain  of  silver.     Fig.  24  is  from  a 
print  of  a  double  exposed  plate  for  depression  measurement. 

18.  Measurement  of  Speed  of  Locomotive. — For  measuring  the  speed 
of  the  locomotive  as  it  passed  the  test  section  of  track  an  automobile 
speedometer  of  the  revolving  magnet  type  was  used.  The  speedometer 
was  driven  through  a  flexible  shaft  by  a  leather-faced  friction  wheel 
which  ran  on  the  tread  of  a  wheel  of  the  locomotive,  generally  the 
trailer.  The  speedometer  was  placed  so  that  its  dial  was  visible  to  the 
engineman  and  to  an  observer  stationed  in  the  cab.  The  accuracy  of  the 
speedometer  was  checked  at  various  speeds  by  noting  its  reading  while 
the  locomotive  was  run  at  various  uniform  rates  of  speed  over  a  stretch 
of  track,  the  time  being  measured  by  a  stop  watch.  The  friction  drive 
wheel  of  the  speedometer  was  pivoted  so  that  it  could  be  swung  back 
out  of  contact  with  the  wheel  when  the  locomotive  was  run  backward. 
When  in  operating  position  the  friction  drive  wheel  was  held  against  the 
wheel  by  a  spring. 

19.  Manufacture  of  Instruments. — The  strain  gage,  the  camera  for 
recording  depression  of  track,  microscopes  for  reading  records  from 
recording  instruments,  and  the  speedometer  were  purchased.  The  load- 
indicating  jacks  and  the  depression  plugs  were  made  by  local  firms  from 
designs  furnished.  All  other  instruments  were  made  in  the  shop  of  the 
Laboratory  of  Applied  Mechanics  of  the  University  of  Illinois  by  the 
mechanician  employed  on  the  test  work.  In  all  there  were  manufactured 
14  stremmatographs,  2  level  bars,  73  pressure  capsules,  and  various  spe- 
cial appliances  and  connecting  parts  for  apparatus.  It  should  be  stated 
that  after  the  instruments  had  been  first  made,  it  was  necessary  for  the 
mechanician  to  spend  a  considerable  amount  of  time  in  maintaining  the 
instruments  and  in  making  such  modifications  as  were  found  to  promise 
better  results. 

B.    Preparation  of  Test  Track  and  Procedure  of  Tests. 

20.  Test  Sections  on  Illinois  Central  Railroad. — The  track  of  the 
Illinois  Centra!  Railroad  used  in  the  test  work  is  on  the  double  track 
main  line  about  two  miles  north  of  Champaign,  Illinois.  At  this  location 
all  freight  trains  are  diverted  from  the  main  line  tracks  and  run  through 
the  yards  over  special  freight  tracks,  and  only  passenger  trains  are  run 
over  the  main  line  tracks.  For  test  purposes,  these  tracks  are  therefore 
comparatively  free  from  traffic  disturbances. 

The  stretch  of  track  used  is  on  an  embankment  4  to  8  ft.  high 
composed  of  loam  and  clay.  A  single-track  road  was  built  in  1854  and 
the  second  track  was  added  in  1900.  Age  has  given  compactness  to  the 
embankment  and  it  was  in  dry  condition  throughout  the  tests. 

The  ballast  at  this  place  consists  of  crushed  limestone;  it  usually 
has  an  average  depth  under  the  ties  of  about  12  in.  The  rails  in  this 
stretch  of  track  are  A.S.C.E.  section  85  lbs.  per  yard.     The  raik  on  the 
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Fig.  24. — Double-Exposure  Photograph,  as  Used  in  Measuring  Track 

Depression. 


Fig.  25.    Test  Section  on   Illinois  Centra]    Railroad 
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southbound  track  are  33   ft.  long  and  were  laid  in   1902;   those  on  the 
northbound  track  are  30  ft.  long  and  were  laid  in  1900. 

To  provide  uniform  known  conditions  of  track  for  the  tests,  four 
stretches  were  specially  prepared.  For  these  test  sections  special  oak 
ties  replaced  the  original  tics.  Four  such  sections  were  prepared  within 
a  short  distance  of  each  other.  On  one  section  the  ballast  had  a  depth  of 
6  in.  below  the  ties;  on  another  24  in.,  and  on  two  others  12  in.  On  one 
of  the  last-named  sections  the  ties  were  7  in.  x  9  in.  x  8  f t. ;  on  all  others 
they  were  6  in.  x  8  in.  x  8  ft.  In  locating  the  test  sections,  depths  of 
ballast  closely  approximating  the  desired  depths  were  found,  and  the 
track  was  raised  to  make  the  proper  depth.  The  special  ties  had  been 
prepared  accurately  to  size  and  were  of  uniform  quality.  When  first 
prepared  these  special  test  sections  were  laid  with  the  85-lb.  rail  which 
originally  had  been  in  the  track.  Later,  when  it  was  desired  to  use 
heavier  rails  in  the  tests  the  85-lb.  rails  were  removed  and  replaced  by 
the  heavier  rails,  whose  sections  are  shown  in  Fig.  107.  The  sections 
used  were  chosen  because  they  were  readily  available  and  give  consider- 
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able  range  in  weight.  The  relative  location  of  the  various  test  sections 
is  shown  in  Fig.  26.  The  size  of  rails  used  is  given  in  Table  1.  The 
100-lb.  rails  were  placed  on  section  K,  which  has  24  in.  of  ballast  and 
6  in.  x  8  in.  x  8  ft.  ties.  The  125-lb.  rails  were  placed  on  sections  B  and 
K,  which  have  12  in.  and  24  in.  of  ballast,  respectively,  and  6  in.  x  8  in. 
x  8  ft.  ties. 

In  order  to  check  up  the  results  of  the  tests  on  these  special  test 
sections  and  also  to  find  out  what  stresses  may  be  expected  under  some 
other  conditions  of  the  track,  tests  were  also  run  on  adjacent  sections 
of  track  which  had  not  been  specially  prepared.  The  ties  here  are 
mostly  oak,  but  replacements  are  being  made  with  creosoted  pine  ties 
with  tie  plates.  The  relation  of  the  location  of  these  sections  to  the 
special  test  sections  will  be  seen  in  Fig.  26.  Sections  D  and  J  were 
chosen  as  being  representative  track  in  ordinarily  good  condition  and 
having  the  usual  ties  and  tie  spacing.  Sections  E,  F,  G,  I  and  L  were 
chosen  as  showing  the  results  of  a  decayed  or  badly  cut  tie.  Section  M 
was  at  a  low  spot  in  the  track.  Sections  D,  E,  F  and  G  were  used  for 
static  tests  with  the  loading  apparatus,  and  sections  D,  J,  I,  L  and  M 
were  used  for  tests  with  moving  loads.     Section  H,  having  tie  plates, 
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was  used  for  static  tests.  Section  N  on  the  freight  lead  having  the 
ordinary  run  of  ties  and  cinder  ballast  was  used  for  tests  with  moving 
loads.  All  this  track  was  laid  with  85-lb.  rail.  The  depths  of  ballast 
were  as  indicated  in  Table  1. 

21.  Preparation  of  the  Test  Sections.— In  placing  the  special  ties 
used  for  the  special  test  sections,  the  old  ties  were  removed  and  the 
new  ones  put  in  without  disturbing  the  ballast  below  the  bottoms  of  the 
ties.  This  work  was  done  by  the  regular  section  men  of  the  Illinois 
Central  Railroad.  For  each  test  section,  the  depth  of  ballast  was  deter- 
mined by  excavating  to  subgrade  near  the  ends  of  the  ties  on  each  side 
of  the  track  at  two  points  in  each  rail  length.  The  track  was  raised 
sufficiently  to  give  the  required  depth  of  ballast  under  the  ties.  In  no 
case  was  it  necessary  to  raise  the  track  more  than  2  in.  in  order  to 
secure  the  desired  depth  of  ballast. 

At  the  north  rail  length  of  each  test  section,  the  ties  were  spaced 
22  in.  apart,  center  to  center.     The  purpose  of  this  spacing  was  to  get 

TABLE  1 — Description  of  Test  Sections  on  Illinois  Central  Railroad. 
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three  tie  spaces  for  a  66  in.  wheel  spacing.  Under  the  other  two  rail 
lengths  of  each  section  the  ties  were  placed  as  nearly  as  possible  accord- 
ing to  the  standard  practice  of  the  Illinois  Central,  which  uses  18  ties  to  a 
30-ft.  rail  and  20  ties  to  a  33-ft.  rail  (approximately  20-in.  spacing).  The 
placing  of  these  ties  was  done  with  considerable  accuracy,  the  position 
that  each  was  to  occupy  being  marked  on  the  rail  for  the  guidance  of 
the  section  men. 

Whenever  the  track  had  beet]  in  use  long  enough  to  need  it,  it  w.i- 
tamped  and  put  in  good  surface.  After  such  resurfacing  testa  were  not 
run  until  sufficient  time  had  elapsed  lot  traffu  to  compact  the  ballast 
that  was  disturbed;   generally  ten  days  or  two  weeks  was  allowed. 

In  preparing  the  special  test  sections  the  depression  plugs  were  put 
in  place  after  tin   special  ties  had  been  placed  and  the  track  raised  to  its 

proper  level.     In  putting  in  these  plugs,  t «•  >t li  between  ties  and  under  ties. 
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the  tie  was  removed  and  the  ballast  excavated  down  to  the  level  of  the 
■  ubgrade.  The  depression  plugs  were  then  placed  in  the  positions  shown 
in  Fig.  27  and  28  and  the  ballast  replaced.  As  this  material  was  replaced 
it  was  carefully  tamped.  In  placing  certain  of  the  single  depression  plugs 
in  the  24-in.  ballast,  a  slightly  different  method  was  used.  A  piece  of 
6-in.  pipe  was  driven  with  a  sledge  until  its  lower  end  was  at  the  bottom 
<  f  the  ballast.  The  ballast  inside  of  the  pipe  was  excavated,  the  depres- 
-ion  plug  put  in  place,  and  the  ballast  then  replaced  and  thoroughly 
tamped  as  added.  The  pipe  was  then  pulled  up  and  used  in  placing  the 
;iext  depression  plug.  After  the  depression  plugs  had  been  in  place  a 
few  days,  the  track  was  again  thoroughly  tamped.  The  track  was  re- 
tamped  as  often  as  the  spot  became  low  until  the  tests  were  started 
While  it  was  realized  that  this  method  of  placing  the  depression  plugs 
was  open  to  the  objection  that  it  disturbed  the  ballast,  there  was  no  way 
of  placing  them  without  doing  this.  As  no  tests  were  made  until  the 
depression  plugs  had  been  in  place  about  two  weeks,  it  is  thought  that 
The  ballast  was  fairly  well  compacted  by  that  time. 
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LOCATION  OF  DEPRESSION   PLUGS 
o  Single  Depression  Plug  •— •  Double  Depression  Plu,j 

• — t  Strain  Gauge  Line 

Fig.  27. 

After  the  depression  plugs  were  in  place  the  rods  (Q,  Fig.  304a' 
were  put  in  and  adjusted  for  height  so  that  the  level  bar  could  be  used 
from  the  rail  to  the  adjacent  plugs,  and  from  these  plugs  to  the  others.. 
in  Fig.  18  the  projecting  upper  ends  of  the  tubes  and  rods  of  several 
depression  plugs  can  be  seen. 

22.  Preparation  of  Test  Track  for  Level  Bar  Measurements. — T  < 
uirnish  a  fixed  reference  point  from  which  measurements  of  depression 
f-ould  be  made,  a  reference  stake  R  was  driven  80  in.  from  the  rail  whos" 
deflection  was  to  be  measured  (Fig.  29).  A  reference  bar  consisting  of 
a  piece  of  2  in.  x  4  in.  lumber  was  fastened  at  one  end  with  a  pivoting 
joint  by  a  clamp  to  the  rail,  the  other  end  resting  on  a  knife-edge  bear- 
ing on  the  reference  stake.  Level  bar  measurements  were  made  from 
the  reference  stake  to  the  rail,  readings  being  taken  between  screws  in 
•he  top  of  the  reference  bar,  the  outer  screw  being  directly  over  the 
knife  edge.  From  the  point  on  the  rail  readings  were  taken  along  the 
rail    and    from   the    rail   to   the   various   depression   plugs.      As   shown    in 
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Eig.  29,  readings  were  taken  from  the  reference  stake  to  the  rail  and 
then  along  the  rail.  Additional  reference  stakes  were  located  at  suffi- 
ciently close  intervals  to  furnish  check  on  the  depression  readings. 

23.  Preparation  for  Strain  Gage  Measurements. — For  static  tests 
preparations  were  made  for  strain  gage  measurement  of  longitudinal 
strains  in  the  rail  by  drilling  gage  holes  at  the  ends  of  the  gage  line 
along  which  strain  was  to  be  measured.  These  gage  holes  were  on  the 
top  of  the  base  of  the  rail  about  one-fourth  of  an  inch  from  the  edge  of 


position  of  depression  plugs 
Fig.  28. 
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ARRANGEMENT  OF  APPARATUS  FOR  MEASURING  TRACK  DEPRESSION 

Fic.  29. 

the  rail  and  in  the  earl]   tests  on  only  <>ii<   side  of  the  rail.    These  gage 
lines  were  placed  over  every  tic  and  between  ties  for  the  three  rail  lengths 
of  each   tesl    section      Fig    27  shows   the   typical   arrangement   ol 
lines  for  a  tesl  si  i  tion  of  track 

It  was  found  ib.it  tin  changi  in  temperature  of  the  rail  (while  in 
the  -hade  when  the  load  was  in  place)  was  sufficient  to  affect  the  strain 
gage  measurement!  appreciably.  In  ordei  to  determine  the  corrections 
to  be   applied    Foi    this   variation,    readings   \\<i.    taken   on   a    gage   line 
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located  on  a  short  unstressed  piece  of  rail  kept  under  the  same  condi- 
tions as  the  rail  upon  which  readings  were  being  taken.  In  this  way  it 
was  possible  to  make  correction  for  temperature. 

24.  Procedure  of  Tests — Static  Load  Tests. — For  making  a  static 
load  test  of  track  the  test  party  generally  consisted  of  six  men,  there  be- 
ing three  observers  and  three  recorders.  One  man  operated  the  strain 
gage,  one  handled  the  level  bar  along  the  rail  and  another  handled  the 
level  bar  on  the  depression  plugs.  Each  of  these  observers  had  his  own 
recorder. 

The  typical  procedure  of  the  static  load  tests  when  the  loading  ap- 
paratus for  one-axle  and  two-axle  load  was  used,  was  as  follows :  The 
car  loaded  with  rails  was  taken  to  the  test  section  and  carefully  "spotted" 
so  that  the  H-beams  (Fig.  17)  came  directly  over  the  points  where  the 
load  was  to  be  applied.  The  brakes  of  the  car  were  then  set  and  the 
engine  uncoupled  and  run  away  from  the  test  section  far  enough  not  to 
affect  the  results.  After  the  load-indicating  jacks  had  been  put  in  place 
ready  to  apply  the  load,  zero-load  readings  were  taken  with  the  strain 
gage  and  the  level  bars.  Load  was  then  applied  by  means  of  the  jacks 
and  a  set  of  load  readings  taken.  The  next  load  increment  was  applied 
and  the  load  readings  taken.  After  the  desired  number  of  increments 
of  load  had  been  applied  (usually  four)  the  load  was  removed  and  the 
zero-load  readings  again  taken.  Readings  on  the  standard  gage  lines 
were  taken  at  the  beginning  and  end  of  each  set  of  load  and  zero-load 
readings.  To  take  a  complete  set  of  readings,  including  two  sets  of  zero 
readings  and  four  load  readings,  required  from  an  hour  and  a  half  to 
two  hours.  For  the  one-axle  load  there  were  a  total  of  about  80  strain 
gage  readings,  115  level  bar  readings  along  the  rail,  and  90  level  bar 
readings  on  the  depression  plugs.  For  the  two-axle  load  there  were 
about  115  strain  gage  readings,  115  level  bar  readings  along  the  rail  and 
125  level  bar  readings  on  the  depression  plugs. 

The  typical  procedure  in  static  load  tests  with  a  locomotive  was 
practically  the  same  as  when  the  loading  apparatus  was  used.  Zero- 
load  readings  were  taken  with  all  instruments.  The  locomotive  was  then 
run  on  the  test  section  and  spotted  at  the  desired  point.  Load  readings 
were  taken  and  then  the  locomotive  was  spotted  at  a  new  position  and 
load  readings  taken.  After  taking  load  readings  with  the  locomotive  at 
the  number  of  points  desired  the  locomotive  was  run  off  the  test  section 
and  zero-load  readings  again  taken.  As  it  took  about  an  hour  to  take  a 
set  of  readings  under  the  full  length  of  the  locomotive  and  tender,  it  was 
thought  best  to  check  up  on  the  zero-load  readings  at  frequent  intervals 
in  order  that  errors  introduced  into  strain  gage  results  by  the  variations 
of  temperature  might  be  corrected  for.  Hence  when  readings  were 
taken  under  the  full  length  of  the  locomotive,  generally  only  one  set  of 
load  readings  was  taken  between  the  two  sets  of  zero-load  readings. 
Each  set  of  readings  under  the  full  length  of  the  locomotive  and  tender 
included  about   120  strain  gage  readings,  60  level  bar  readings  to  the  rail 
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and  30  level  bar  readings  to  the  depression  plugs.  Since  many  of  these 
depression  plugs  were  under  the  locomotive,  the  30  readings  on  these 
required  about  as  long  as  the  60  readings  on  the  rail. 

25.  Procedure  in  Measuring  Static  Pressure  in  Ballast. — The  meas- 
urement of  the  pressures  in  the  ballast  by  means  of  the  pressure  capsule 
generally  was  not  made  at  the  same  time  as  the  other  tests.  In  meas- 
uring these  pressures,  the  dial  micrometers  were  placed  in  the  ends  of 
all  of  the  tubes  of  the  pressure  capsules  and  the  dials  set  to  read  zero. 
Load  was  applied  at  the  desired  point  either  by  means  of  the  loading 
apparatus  or  the  locomotive,  and  the  dials  were  then  read.  As  soon  as 
the  desired  loads  or  load  in  the  desired  position  had  been  applied  and 
the  readings  taken,  the  load  was  removed  and  the  zero-load  readings 
checked  to  see  if  they  returned  to  zero.  These  readings  under  load 
were  reduced  to  unit  pressures  expressed  in  pounds  per  sq.  in.,  as  de- 
scribed later. 

26.  Procedure  of  Tests;  Moving  Load  Tests. — Tests  in  which  the 
load  on  the  test  track  was  produced  by  a  locomotive  running  over  the 
section  are  designated  as  moving  load  tests.  On  the  tests  on  the  Illinois 
Central  Railroad,  three  types  of  locomotives  were  used  in  moving  load 
tests,  a  Mikado  locomotive  (2 — 8 — 2),  an  Atlantic  locomotive  (4 — 4 — 2), 
and  a  Pacific  locomotive  (4 — 6 — 2).  Fig.  30  gives  diagrams  of  the  locomo- 
tives used,  with  their  wheel  loads.  The  same  types  of  locomotives  were 
used  on  static  load  tests  as  on  moving  load  tests,  except  that  the  switching 
locomotive  was  used  only  on  static  load  tests  and  the  Pacific  locomotive 
was  used  only  on  moving  load  tests.  In  all  tests  with  the  Atlantic  type  of 
locomotive,  the  same  locomotive  was  used.  The  Pacific  locomotive  used 
in  the  1916  tests  was  not  the  same  as  that  used  in  the  1915  tests.  In  tests 
with  the  Mikado  type  of  locomotive,  use  was  made  of  whatever  Mikado 
locomotive  was  available,  and  in  the  course  of  the  work  tests  were  made 
with  25  Mikado  locomotives.  In  all  cases  except  the  one  where  the 
equalizer  was  found  blocked  up,  the  locomotives  were  in  good  working 
condition.  The  tires  were  in  good  condition,  there  being  in  no  case 
evidence  of  much  wear.  The  Mikado  locomotives  were  used  at  speeds 
up  to  35  miles  per  hour,  that  being  the  maximum  speed  permitted  by 
the  regulations  of  the  Illinois  Central  Railroad.  The  Atlantic  and  Pa- 
cific locomotives  were  used  at  speeds  up  to  60  miles  per  hour,  a  few 
tests  being  made  at  speeds  higher  than  60  miles  per  hour.  The  distance 
available  for  acquiring  speed  made  it  difficult  to  attain  speeds  higher 
than  60  miles  per  hour. 

In  all  moving  load  tests  (except  at  very  low  speeds)  steam  was 
shut  off  as  the  locomotive  approached  the  test  section  of  the  track.  It 
was  found  that  the  tractive  effort  of  the  locomotive  produced  an  appre- 
ciable effei  t  on  the  rail  stresses,  which  was  somewhat  variable,  and  it 
was  decided  to  eliminate  this  variable  at  first  and  to  study  only  the  effeel 
of  speed,  leaving  the  effect  of  traction  effort  for  investigation  later.  In 
Order  to   have   the   Counterweight    Of    the  locomotive   drivers   Ul   the   same 


920 


STRESSES  IN  RAILROAD  TRACK. 


position  in  all  tests,  before  beginning  a  test  the  drivers  were  slipped  to 
cause  the  counterweight  to  come  to  a  definite  position  for  a  given  posi- 
tion of  locomotive  on  the  test  section.  A  few  tests  were  made  with 
the  counterweight  in  different  positions  to  see  something  of  the  effect  of 
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DIAGRAMS  OF 
FOUR  TYPES  OF  ILLINOIS  CENTRAL  LOCOMOTIVES. 

Fig.  30. 
change  of  position  of  counterweight     As  the  engineman  was  cautioned 
tart   slowly  and  not  to  use  the  brakes  severely,  little  trouble  was  ex- 
perienced   from   the  position   of   the   counterweight    changing   during  the 

For  moving  load  tests  the  test  party  usually  consisted  of  three  men. 
The  procedure  of  a  typical  moving  load  test  was  as  follows:     The  strem- 
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matographs  were  attached  to  the  rails,  and  the  recording  devices  attached 
to  the  pressure  capsule  tubes,  the  drive  shaft  rigging  set  up  and  con- 
nected to  the  stremmatographs  and  to  the  recording  pressure  capsules. 
The  speedometer  was  attached  to  the  locomotive  and,  in  case  it  was  de- 
sired to  measure  rail  deflection,  the  cameras  for  measuring  deflection  were 
set  up  and  the  electrical  connections  for  tripping  the  camera  shutters 
made.  Smoked-glass  discs  were  then  put  in  place  on  the  stremmato- 
graphs and  on  the  recording  pressure  capsules,  the  pressure  of  the  discs 
against  the  recording  needles  was  adjusted,  and  a  zero-load  line  drawn 
on  the  discs  by  rotating  the  drive  shaft.  The  locomotive  was  then  run 
over  the  test  section  at  the  lowest  speed  used  (5  miles  per  hour)  and 
records  obtained  by  turning  the  drive  shaft  by  the  handwheel.  Then  the 
locomotive  was  run  over  the  test  section  at  next  to  the  highest  speed 
used  (25  miles  per  hour  for  the  Mikado,  and  50  miles  per  hour  for  the 
Atlantic  and  Pacific  locomotives).  A  run  was  then  made  at  next  to  the 
lowest  speed  (15  miles  per  hour  for  the  Mikado  and  35  miles  per  hour 
for  the  Atlantic  and  Pacific  locomotives),  and  last  a  run  was  made  at  the 
highest  speed  (35  miles  per  hour  for  the  Mikado,  and  60  miles  per  hour 
for  the  Atlantic  and  Pacific  locomotives).  While  this  order  and  these 
speeds  were  not  always  followed,  they  are  typical.  The  records  for  the 
runs  at  four  speeds  were  obtained  on  the  same  glass  discs.  After  the 
runs  at  four  speeds,  the  smoked-glass  discs  were  removed  and  examined 
under  a  microscope  for  evidence  of  error  in  adjustment  of  instruments 
or  of  dullness  of  recording  nqedles.  Any  dull  needles  were  replaced, 
necessary  adjustments  made,  new  smoked-glass  discs  were  put  in  place, 
and  another  series  of  runs  was  made.  After  at  least  three  good  sets 
of  records  had  been  obtained  for  each  instrument  at  a  given  location 
of  the  instruments,  the  stremmatographs  were  moved  to  a  new  location. 
In  setting  up  the  apparatus  for  mining  load  tests,  two  men  usually 
worked  at  attaching  the  four  stremmatographs  to  the  rail  while  the  third 
man  set  up  the  drive  apparatus  and  attached  the  speedometer  to  the 
locomotive.  During  the  runs,  one  man  rode  on  the  locomotive  in  order 
to  read  the  speedometer  and  to  note  any  variations  in  handling  or  opera 
tion  of  the  locomotive.  The  two  other  nun  turned  the  drive  shaft  as 
the  locomotive  passed  the  section  and  noted  the  position  of  the  counter- 
weight as  the  locomotive  hacked  over  the  tesl  section  for  the  next  run. 
As  soon  as  the  runs  al  lour  speeds  had  been  made,  tin  two  men  re- 
moved  and   examined    tin    records   and    replaced   smoked   discs    tor   the 

i  nn. 

27.    Preparation    fot     U.  ving   Load    Tests     Fig    25   shows    tin    ai 
mint  of  apparatus  as  set  up  for  tin   moving  load  tests,  and  I 
i>  a  diagram  <>i  the  u  ual  arrangement  of  stremmatographs.    Four  strem- 
graphs  wire  used  at  on<    time,  thret    on  on<    rail  between  adj 

i,  tin  othei  iail  opposite  tin  middle  instrument  >.<\  tin 
tlir. .  .\i  each  '  >  M.  hi  ilu  instrument  set  up  successive!)  at  thro 
adjacent  locatioi  ing  a  distance  ol  eighl  tie  spaces  mar  the  centei 
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of  the  rail  length.  Strain  measurements  were  made  along  the  middle  of 
the  rail  rather  than  near  the  ends  because  the  effect  of  rail  joints  would 
be  appreciable  near  the  ends,  and  this  effect  was  regarded  as  a  special 
problem  to  be  studied  later. 

Under  favorable  conditions,  after  skill  had  been  acquired,  the  re- 
quired number  of  records  for  a  given  weight  of  rail  and  one  condition 
of  track  and  for  one  type  of  locomotive  were  obtained  in  from  a  day 
and  a  half  to  two  days. 

28.  Tests  on  Delaware,  Lackawanna  &  Western  Railroad. — Tests 
were  made  on  the  tracks  of  the  Delaware,  Lackawanna  &  Western  Rail- 
road at  a  point  near  Dover,  N.  J.,  during  the  fall  of  1916. 

The  section  of  track  chosen  for  the  tests  was  on  the  eastbound  main 
line  of  the  Delaware,  Lackawanna  &  Western  Railroad  about  one  mile 
east  of  the  station  at  Dover,  N.  J.    The  tracks  here  are  laid  with  101 -lb. 
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usual  position  of  stremmatographs  for  three  successive  set-ups 

Fig.  31. 

D.,  L.  &  W.  R.  R.  rail  section  on  7  in.  x  9  in.  x  8  ft.  6  in.  creosoted  pine 
ties,  tie  plates  being  used  on  every  tie  and  screw  spikes  throughout. 
The  ballast  consists  of  trap  rock  having  a  depth  of  about  18  in.  under 
the  ties.  Directly  beneath  the  ballast  there  are  two  feet  of  cinders,  which 
were  originally  used  as  ballast.  Beneath  the  cinders  is  a  light  embank- 
ment of  clay  mixed  with  boulders.  For  purposes  of  the  test  the  original 
rail  at  this  point  was  replaced  by  new  105-lb.  D.,  L.  &  W.  R.  R.  rail  sec- 
tion (see  Fig.  107)  for  about  a  quarter  of  a  mile.  This  change  was  made 
and  the  track  put  in  good  line  and  surface  about  the  first  of  September, 
a  month  before  the  tests  were  started. 

The  site  chosen  for  the  tests  was  on  the  eastbound  track.  On  ac- 
count of  the  density  of  traffic  at  this  point,  the  locomotive  used  in  the 
test  was  not  permitted  to  back  over  the  test  section  against  traffic  in  re- 
turning from  the  runs,  as  was  done  on  the  Illinois  Central  Railroad, 
where  the  test  track  was  within  the  yard  limits.  The  tesl  section  was 
located  so  that  this  did  not  seriously  interfere  with  the  tests,  since  a 
cross-over  at  East   Dover  Junction   and   another   at   the   Dover  station, 
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about  a  mile  and  a  half  apart  (both  operated  from  towers)  permitted  the 
crossing  from  one  track  to  the  other  for  the  successive  runs  to  be  made 
without  great  inconvenience  or  loss  of  time.  The  test  section  was  on  a 
light  fill. 

The  tests  were  for  the  purpose  of  obtaining  results  on  the  track  of 
a  second  railroad  with  various  types  of  locomotives,  with  different  bal- 
last, different  size  of  ties,  different  rail  and  method  of  spiking,  as  well 
as  different  density  of  traffic  over  the  tracks.  The  wheel  loads  and 
spacing  of  the  locomotives  used  are  shown  in  Fig.  32.  Tests  were  made 
with  a  Ten-wheel  locomotive,  a  Mikado,  and  two  Pacific  locomotives.  Of 
the  two  Pacific  locomotives  used,  one  is  for  passenger  service  and  the 
other  for  fast  freight  service.  The  method  of  making  the  tests  was  the 
same  as  that  followed  on  the  Illinois  Central  Railroad  and  described 
elsewhere. 

C.    Reduction  of  Data  and  Accuracy  op  Instruments. 

29.  Static  Tests;  Strain  Gage  Readings. — In  static  tests,  the  strain 
gage  readings,  taken  on  the  top  of  the  base  of  the  rails,  were  reduced  to 
stresses  in  the  extreme  fiber  of  the  base  of  the  rail.  The  general  process 
of  reduction  of  a  strain  gage  reading*  involved  the  subtraction  of  the 
reading  under  load  from  the  reading  under  zero-load,  the  correction  of 
this  difference  by  reference  to  the  readings  on  an  unstressed  standard 
bar,  and  the  reduction  of  the  resulting  corrected  strain  to  a  fiber  stress 
at  that  point  by  multiplying  the  strain  by  a  factor  dependent  upon  the 
dimensions  of  the  instrument,  the  gage  length,  and  the  modulus  of  elas- 
ticity for  steel  (which  was  taken  as  30,000,000  lbs.  per  sq.  in.).  In  re- 
ducing strain  gage  readings  to  stress  in  the  extreme  fiber  of  the  base 
of  the  rail,  consideration  must  also  be  given  to  the  fact  that  the  read- 
ings were  not  taken  on  the  extreme  fiber  of  the  rail.  This  reduction  was 
based  on  the  assumption  that  the  strain  on  a  fiber  varies  directly  as  its 
distance  from  the  neutral  axis. 

In  general,  with  careful  work  errors  of  observation  may  be  kept  be- 
low 750  lbs.  per  sq.  in.  stress  in  steel  by  careful  handling  of  the  strain 
gage,  and  it  is  believed  that  the  results  of  the  strain  gage  observations 
came  within  this  limit. 

30.  Static  Tests;  Level  Bar  Readings. — In  reducing  the  level  bar 
readings  to  deflections  of  rail  or  depressions  in  the  ballast,  the  first  step 
was  to  find  for  each  point  the  difference  between  the  reading  under 
zero-load  and  the  reading  under  a  given  load.  Then,  beginning  at  the 
point  over  the  reference  stake  |  Fig.  29),  these  differences  were  added 
algebraically  in  the  order  in  which  tin-  readings  were  taken.  The  sum 
■  if  the  differences  up  t"  any  point  is  equal  t<>  the  depression  of  the  rail 


•For  a  detailed  discussion  of  the  method  used  in  reducing  Hie  data  see 
Bulletin  No.  64  ol  the  Engineering  Experiment  Station  of  1 1 1* ■  University  of 
Mllnoii  "i    Reinforced    Concrete    Building     under    Load,"    bj    a     n. 

Talbot  and   W.   A.  Slater;  the  Proceedinga  <>i   the  American  Society 

tor    Testing    Materials,    L913,    "The    Use    of    the    Strain    Gage    in    Testing 
by   \\ .  a.  Slater  and  EL   V.  Moore.     The  accuracy  of  strain  gage 
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at  that  point.  At  the  end  oi  the  section  at  which  the  readings  of  de- 
pressions were  obtained  level  bar  readings  were  taken  to  a  second  refer- 
ence point.  At  the  second  reference  stake,  if  the  differences  did  not  sum 
up  to  zero  the  variation  from  zero  was  taken  as  due  to  small  cumulative 
errors  of  observation.  Corrections  for  this  error  were  distributed  among 
the  various  readings. 

As  previously  stated,  the  measurements  of  the  depression  of  the 
subgrade  were  determined  by  reading  with  the  level  bar  from  points  on 
the  rail  to  the  depression  plugs.  Then  for  any  given  plug  the  depression 
of  the  plug  with  respect  to  the  point  on  the  rail  was  given  by  the  differ- 
ence between  the  zero-load  reading  and  the  load  reading.  Since  the 
actual  depression  of  the  point  on  the  rail  was  known  from  the  readings 
with  the  level  bar  to  the  rail,  the  actual  depression  of  the  plug  was 
readily  obtained. 

The  level  bar  used  had  a  length  between  legs  of  20  in.,  and  the 
level  bubble  moved  one  division  along  its  scale  for  20  seconds  change  in 
angle  of  inclination  of  the  instrument.  In  the  field  the  bar  could  be 
leveled  so  that  the  bubble  came  to  rest  not  more  than  one  division  from 
the  middle  of  its  scale,  and  this  corresponds  to  a  change  of  elevation 
of  one  end  of  the  bar  with  respect  to  the  other  of  0.002  in. 

31.  Static  Tests;  Pressure  Capsule  Readings. — The  readings  ob- 
tained with  the  pressure  capsules  for  static  tests  were  in  terms  of  move- 
ment of  the  pointers  over  the  dials.  These  readings  were  reduced  to 
unit  pressures  in  the  ballast  by  means  of  calibration  curves,  there  being 
a  different  calibration  curve  for  each  capsule. 

32.  Moving  Load  Tests;  Strcmmatograpli  Results. — For  measuring 
strains  from  stremmatograph  records  a  microscope  fitted  with  a  microm- 
eter eyepiece  and  having  a  magnification  of  75  diameters  was  used.  The 
microscopes  used  in  measuring  strains  from  record  discs  were  fitted  with 
special  rotating  stages  so  that  any  portion  of  a  record  could  readily  be 
brought  into  the  field  of  the  microscope  and  the  record  followed  by  rotat- 
ing the  stage.  The  microscopes  were  fitted  with  micrometer  eyepieces. 
The  scale  of  each  micrometer  eyepiece  could  be  moved  by  means  of  an 
adjusting  screw,  so  that  in  taking  a  reading  the  zero  of  the  scale  could 
be  placed  over  the  image  of  the  edge  of  the  zero  line  on  the  record  disc. 

The  strains  were  measured  for  points  under  and  between  wheels  and 
the  results  tabulated  on  special  data  sheets.  A  test  of  the  accuracy  of 
reading  by  the  microscope  from  the  smoked-glass  records  was  made  by 
two  observers  in  the  early  part  of  the  tests.  Forty-five  determinations 
of  stress  from  various  records  selected  at  random  were  made  by  each  of 
the  observers.  The  maximum  deviation  of  any  Trading  by  a  single  ob- 
server from  the  average  result  obtained  by  the  two  observers  was 
0.000270  in.,  and  the  average  deviation  0.000054  in.  These  values  corre- 
spond to  variations  in  unit  stress  in  the  rail  of  2020  lbs.  per  sq.  in.  and 
400  lbs.  per  sq.  in.,  respectively.  With  later  experience  it  is  believed 
there  are  very  few  readings  of  the  records  in  error  more  than  700  lbs. 
per  sq.  in. 
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nr  the  data  had  been  read  from  the  stremmatograph  records,  all 
results  obtained  on  a  given  section  of  track  by  the  four  instruments  at 
each  speed  were  averaged  together,  the  results  for  each  side  of  the 
base  of  the  rail  being  kept  separate.  After  averaging,  the  mean  of  the 
stresses  at  the  two  sides  of  the  rail  was  calculated,  and  this  mean  stress 
is  the  value  used  in  plotting  the  diagrams  and  making  the  comparisons. 

It  should  be  noted  that  the  values  of  strain  measured  by  both  the 
stremmatograph  and  the  strain  gage  are  the  averages  in  the  4  in.  gage 
length.  For  points  under  a  load  this  average  value  may  be  appreciably 
less  than  the  maximum  value  at  the  center  of  the  gage  line,  so  a  correc- 
tion has  been  applied  to  obtain  the  maximum  stress.  In  the  static  load 
tests  in  which  the  strain  gage  was  used,  this  correction  was  computed 
as  follows:  If  /u  is  the  measured  stress  under  the  load  and  /i  is  the 
measured  stress  at  the  adjacent  gage  line  at  a  distance  x  (in  inches) 
from  the  load,  then  it  can  be  readily  shown  that  the  value  to  be  added  to 
/o  in  order  to  obtain  the  stress  at  the  center  of  the  gage  line  under  the 
load  is  given  by  the  following  equation : 

Correction  = - 

x  —  I 

For  the  stremmatograph  results  no  readings  at  adjacent  gage  lines  were 
available  for  use  in  making  this  correction.  From  the  static  tests,  how- 
ever, it  was  found  that  this  correction  averaged  practically  4  per  cent,  of 
the  average  stress  under  the  load.  So  all  of  the  observed  stresses  under 
wheels  in  the  moving  load  tests  were  increased  by  4  per  cent,  in  order 
to  obtain  the  stress  at  the  center  of  the  gage  line. 

33.  Moving  Load  Tests;  Results  with  Recording  Pressure  Capsules. 
— The  records  obtained  with  the  recording  pressure  capsules  were  of  the 
same  general  character  as  those  obtained  with  the  stremmatographs.  In 
reducing  these  results,  readings  with  the  microscope  were  taken  of  the 
values  of  the  ordinates  of  the  diagrams  under  the  wheels  and  between 
the  wheels  of  the  locomotive  as  was  done  with  the  stremmatograph 
records.  By  multiplying  by  the  proper  factor  these  readings  were  re- 
duced to  movements  of  the  plunger  rods  (expressed  in  thousands  of  an 
inch).  These  quantities  were  then  used  to  obtain  the  unit-pressure  in 
the  ballast  from  the  calibration  curves.  After  being  computed  and 
checked  these  pressures  were  grouped  and  averaged  as  was  done  with 
the  stremmatograph  results. 

34.  Moving  Load  Tests;  Photographic  Measurement  of  Depression. 
— The  notes  taken  in  connection  with  the  photographic  measurement  of 
rail  depression  and  tie  depression  included:  Description  of  test  section, 
speed  of  locomotive,  condition  of  light,  time  of  day,  the  size  of  the  stop 
(diaphragm)  used,  the  length  of  exposure,  the  distance  of  the  camera 
lens  from  the  rail,  and  the  position  of  the  electric  contact  point  for 
operating  the  shutter.  The  reduction  of  the  data  was  made  by  means 
of  microscope  measurements  of  distance  between  images  on  the  de- 
veloped  negative   of    the   two   positions   of   the   reference   crossmarks   on 
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the  rail  or  on  the  ties.  The  reading  of  the  scale  in  the  micrometer  eye- 
piece was  reduced  to  inches  depression  of  the  rail  or  tie  by  the  use  of  a 
constant  depending  on  the  distance  of  the  camera  lens  from  the  rail,  the 
focal  length  of  the  lens,  the  scale  value  of  the  micrometer  eye-piece 
and  the  magnification  used.  From  a  comparison  of  results  obtained  by 
this  method  in  static  tests  with  results  obtained  by  the  use  of  the  level 
bar,  measurements  of  deflection  with  the  camera  apparently  can  be  made 
with  an  error  of  observation  not  greater  than  0.01  in.,  except  at  high 
speed  or  on  embankment  subject  to  much  vibration.  The  tests  on  the 
Illinois  Central  Railroad,  however,  were  made  on  an  embankment,  and 
for  that  reason  considerable  inconsistency  was  found  in  the  tests  at 
speed. 

(IV)     RESULTS  OF  TESTS. 

35.  Form  of  Presentation. — In  the  presentation  of  the  results  of 
the  tests,  the  effort  has  been  made  to  present  only  those  matters  which 
seem  to  have  a  bearing  upon  the  fundamentals  of  track  action  and  the 
problems  of  track  and  to  give  the  essential  results  free  as  far  as  possi- 
ble from  the  mass  of  details  of  the  test  data.  When  it  is  stated  that  the 
tests  have  involved  the  making,  reading,  recording  and  reducing  of  more 
than  250,000  observations  on  rail  strains  alone,  the  need  for  presenting 
only  the  essentials  will  be  apparent.  Generally  speaking,  only  averages 
of  a  considerable  number  of  values  are  presented.  Some  use  of  indi- 
vidual results  will  be  made  in  the  discussion  on  the  variation  of  individual 
values  from  the  average  value.  It  has  been  thought  best  to  present  the 
results  largely  in  graphical  form.  This  method  allows  general  compari- 
son to  be  made  readily.  Tabular  values  are  also  given  for  some  of  the 
principal  results. 

The    results    presented    in    this    report    relate    principally    to    str< 
in  rail  and  to  the  depression  of  track  as  a  whole.     The  action  of  the 
tie  and  the  transmission  of  pressure  through   ballast  and  roadway   and 
other  related  matters  must  be  reserved  for  a  later  report. 

Data  relating  to  depression  of  brack  under  one-axle  load,  two-axle 
load,  and  locomotive  loading  under  static  conditions  will  first  be  given: 
then  data  on  stresses  in  rail  for  these  loadings  and  for  moving  load 
tests  with  locomotives;  and   following  the-.  ral   discussion   of   the 

effect  of  speed,  influence  of  rail  section,  effeel  of  wheel  spacing,  condition 
of  track,  etc. 

36.  Depression  of  Track  Under  Load. — Flexibility,  elasticity,  and 
stiffness  arc  important  properties  of  railroad  track.  The  quality  of  the 
track  is  affected  by  variations  in  these  properties.  It  is  apparent  even  t" 
a  casual  observer  thai  track  depresses  under  wheel  loads.     The  weight 

from  tile   wheel   l",id      is   distributed    by   tile   rad   anion-    adjacent    ties,    and 

vertical  pressuri  up  in  ti<   .  ballast  and  roadwaj      The  pressures 

nitted   by   rail,   ties,    ballast,   and*  roadwaj    compress   or   otherwise 

deform   these   various   pails   of   the   tiaek    structure,   the   vertical   deforma- 
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tion  and  movement  of  the  different  parts  together  forming  the  total  track 
depression.  Generally  speaking,  the  action  has  the  nature  of  elastic 
deformation,  and  when  the  wheel  load  is  removed  the  track  resumes  its 
normal  position,  wholly  or  partially  so  according  to  the  condition  of  the 
track  and  the  nature  and  amount  of  load.  The  stiffness  and  flexibility 
of  track  are  dependent  upon  the  section  of  the  rail  and  its  flexural 
properties,  the  dimensions  and  spacing  of  the  ties,  and  the  nature,  quality, 
and  condition  of  the  ballast  and  roadbed. 

At  this  place  no  effort  will  be  made  to  analyze  the  parts  played  by 
the  rail,  ties,  ballast,  and  roadway  in  making  up  the  track  depression.  The 
total  depressions  will  be  reported — the  combined  effect  of  rail,  tie,  ballast, 
and  roadway.  At  another  time  a  discussion  will  be  made  of  the  relation 
between  the  deformations  of  the  several  parts  of  the  track  structure. 
The  following  general  statement  is  given  as  an  estimate  of  the  division 
of  the  depressions  in  the  various  parts  in  what  may  be  called  good  track 
under  the  drivers  of  a  Mikado  locomotive :  compression  of  the  tie  .under 
the  rail  and  effect  of  bending  of  tie  to  bring  it  to  full  bearing  on  the 
ballast  along  its  length,  0.05  in. ;  compression  of  24  in.  of  stone  ballast 
immediately  under  the  rail,  0.15  in.;  compression  of  roadway  immediately 
under  rail,  0.15  in.  The  bending  of  the  rail  between  the  ties  is  slight, 
the  deflection  of  the  rail  between  two  adjacent  ties  under  the  weight  of 
the  driver  of  a  Mikado  locomotive  on  rail  of  85-lb.  section  amounting 
to  not  more  than  0.01  in.  in  a  tie  spacing  of  22  in.  For  heavier  rail  the 
deflection  of  course  will  be  less. 

Whether  the  magnitude  of  the  track  depression  is  directly  propor- 
tional to  the  load  applied  or  varies  considerably  from  direct  proportionality 
is  dependent  upon  the  nature  of  the  track  and  its  condition.  For  the 
best  track  in  well-tamped  condition  (freshly  surfaced)  the  tests  indicate 
that  the  relation  between  the  load  and  the  resulting  depression  approaches 
direct  proportionality ;  that  is,  the  amount  of  the  depression  of  the  track 
is  directly  proportional  to  the  load  applied.  For  mediocre  track  and 
track  which  is  not  well  kept  up,  it  is  evident  from  the  results  of  the 
tests  that  the  first  part  of  the  load  applied  produces  a  greater  depression 
than  a  later  equal  additional  increment  of  load.  The  effect  of  this  on 
stresses  in  the  track  is  important. 

The  foregoing  refers  to  the  relation  hot  ween  vertical  pressures  and 
the  rccuhinp  vertical  deformations  of  depressions  at  any  point  along  the 
line  of  the  rail  both  at  and  away  from  the  wheel  load.  Away  from  the 
load  the  pressure  of  the  rail  on  the  ties  will  vary  from  tie  to  tie,  and 
the  consequent  depression  will  therefore  vary,  hut  at  any  point  the  down- 
ward pressure  of  the  rail  and  the  upward  pressure  of  the  tie  must,  of 
course,  In-  equal  t<>  each  "tin  r.  In  the  tests  the  magnitude  of  the  track- 
depression  along  the  rail  has  been  measured,  and  the  distribution  of 
vertical  pressure  amontj  the  ties  may  be  estimated  from  the  data  ob- 
tained. Records  of  results  will  be  given  of  track  depression  for  one-axle 
load,  two-axle  load,  and  locomotive  loading. 
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37.  Depression  of  Track;  One-axle  Load  and  Two-axle  Load. — In 
Figs.  33  to  41  are  given  track  depression  profiles  for  one-axle  load  and 
for  two-axle  loads  (the  axles  being  66  in.  apart)  for  tests  made  on  the 
test  sections  of  track  on  the  Illinois  Central  Railroad  north  of  Cham- 
paign. At  the  place  where  the  tests  with  loading  apparatus  were  made 
the  ties  were  spaced  22  in.  center  to  center.  The  load  was  applied  near 
the  middle  of  the  length  of  a  rail  to  avoid  the  effect  of  rail  joints.  The 
measurements  of  depression  were  taken  on  the  base  of  the  rail;  the 
depressions  reported  give  the  vertical  movement  of  the  rail  as  produced 
by  bending  of  rail  and  vertical  movement  of  tie,  ballast,  and  roadway. 
Results  are  given  for  the  load  applied  both  at  a  point  directly  over  the  tie 
and  at  a  point  between  two  ties.  Most  of  the  tests  are  on  rail  of  85-lb. 
section,  but  results  are  also  given  for  tests  on  100-lb.  section  and  125-lb. 
section.  The  diagrams  include  tests  on  track  having  a  depth  of  broken  stone 
ballast  below  the  tie  of  6  in.,  12  in.,  and  24  in.  Diagrams  are  given  for 
freshly  tamped  track  and  for  track  which  had  borne  traffic  for  a  con- 
siderable time  after  being  tamped.  The  results  are  given  for  the  several 
magnitudes  of  load  applied.  It  should  be  noted  that  the  depression 
measurements  were  taken  from  the  initial  position  which  the  track  as- 
sumed with  the  loaded  car  upon  it  as  the  basis  of  measurement.  It 
will  be  seen  that  when  a  load  is  applied  through  the  loading  apparatus 
weight  is  released  from  the  trucks  of  the  car  and  that  the  track  in  the 
vicinity  of  the  trucks  will  rise  accordingly.  The  effect  of  this  change 
will  appear  for  some  distance  on  each  side  of  the  truck  wheels  and  may 
have  some  effect  on  the  track  depressions  well  toward  the  center  of 
the  car. 

Figs.  42  to  45  give  load-depression  curves  for  the  rail  at  the  point  of 
application  of  load  in  the  case  of  one-axle  load  and  at  a  point  midway 
between  loads  in  the  case  of  two-axle  loads.  The  values  plotted  are  from 
the  same  tests  as  those  given  in  the  depression  profiles. 

Little  difference  is  to  be  found  in  the  depression  profiles  for  the  load 
over  a  tie  and  for  the  load  midway  between  ties.  The  depression 
is  generally  somewhat  greater  for  the  load  over  a  tie.  This  is  true  both 
for  one-axle  load  and  for  two-axle  load. 

It  is  seen  that  there  is  a  marked  difference  in  the  magnitude  of  the 
track  depression  according  to  the  condition  of  the  track,  freshly  tamped 
track  having  a  smaller  depression  under  load-  than  track  which  has  been 
subjected  to  the  action  of  traffic  for  a  considerable  time  after  being 
surfaced.  In  this  report  the  term  "after  tamping"  is  applied  to  track  on 
which  trains  had  been  run   Eoi  to  two  weeks  after  the  track  had 

been  tamped.  The  term  "before  tamping"  is  applied  to  (rack  which  had 
been  subjected  to  traffic  two  to  six  months. 

It  should  be  stated,  however,   that  in   all   tl  -   the   track   was   in 

ent  condition. 

for  freahl}  tamped  track  a  straight  line  drawn  through  the  origin 
tits  fairly  well  the  several  points  in  the  load  depression  curves.     In  other 
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words,  the  magnitude  of  the  depression  of  the  track  is  directly  propor- 
tional to  the  load  applied.     This   propertj    of   direct   proportionality  in 

track  depressions  corresponds  to  a  constant  modulus  of  elasticity  of 
rail-support  as  will  be  discussed  under  47,  Modulus  of  Elasticity  of  Rail- 
Support.     It  will   be   found  that  the  relation   between  the  magnitude  of 
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TRACK  DEPRESSION    PROFILES. 

STATIC-LOAD  TEST   ON   ILLINOIS  CENTRAL  RAILROAD- 

WITH    LOADIKG  APPARATUS. 
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Fig.  33. 
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the  applied  load  and  the  magnitude  of  the  track  depression  (correspond- 
ing to  the  quality  of  stiffness  in  properties  of  materials)  is  an  important 
property  of  track  and  has  an  influential  bearing  on  the  stresses  developed 
in  the  rail  under  applied  load. 

It  is  apparent   from  the  load-depression   diagrams   for  tests  marked 
"before  tamping"  that  a  light  load  produces  a  relatively  greater  depression 
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TRACK-DEPRESSION  PROFILES. 

STATIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH  LOADING  APPARATUS. 
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TRACK  DEPRESSION  PROFILE?. 
STAJIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD  .WITH  LOADING  APPARATUS. 
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TRACK  DEPRESSION   PROFILES. 
STATIC-LOAD  TEST  ON   ILLINOIS  CENTRAL  RAILROAD  WITH   LOADING  APPARATUS. 
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TRACK-DEPRESSION  PROFILES. 
STATIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD 
WITH  LOADING  APPARATUS. 
Loads  over  Ties 
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TRACK  DEFRESSICN  PROFILES. 
STATIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS, 
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Tr!ACK  DEPRESSION  PROFILES. 
STATICJ-OAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS. 
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TRACK  DtPRtSSION   PROFILES. 

STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD 

WITH  LOADING  APPARATUS. 
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TRACK  DEPRESSION  PROFILES. 
STATIC-LCAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 
WITH  LOADING  APPARATUS. 
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LOAD-DEPRESSION  DIAGRAMS.  3 

STATIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS 
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LOAD-DEPRESSION  DIAGRAMS. 
"TATIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS. 
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LOAD-DEPRESSION  DIAGRAMS. 

STATIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH  LOADING  APPARATUS. 
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than  is  given  by  later  increments  of  load.  It  thus  appears  that  the  stiff- 
ness of  the  rail-support  is  smaller  for  the  lighter  loads.  In  the  load- 
depression  diagrams  for  condition  "before  tamping"  a  straight  line  may 
be  drawn  which  will  fit  fairly  well  the  points  for  the  highest  three  loads. 
This  line  will  intersect  the  line  for  zero-load  at  the  right  of  the  point 
representing  zero-depression.  This  distance  or  intercept  may  be  thought 
to  be  in  the  nature  of  play  or  looseness  in  the  track.  It  is  probably 
nearer  correct  to  say  that  in  the  lower  part  of  the  diagram  the  track  is 
least  resistant  to  load  (less  stiff  from  the  standpoint  of  elastic  action), 
and  that  for  the  smaller  loads  the  depression  produced  is  not  proportional 

LOAD-DEPRESSION  DIAGRAMS. 
STATIC-LOAD  TEST  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS. 
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to  the  load  applied.  If  there  is  play  in  the  test  sections  of  track,  it  would 
seem  most  likely  to  be  between  the  tie  and  the  ballast  immediately  under 
the  rail  and  adjacent  thereto,  so  that  the  tie  must  bend  before  it  comes  to 
a  full  and  even  bearing  along  its  length,  and  part  of  the  resistance  for  the 
lighter  loads  may  be  that  of  the  flcxural  resistance  of  the  tie.  It  will  be 
noted  that  a  straight  line  drawn  through  the  upper  points  of  a  load- 
depression  curve  for  "before  tamping"  is  approximately  parallel  to  the 
corresponding  line  for  freshly  tamped  track  at  the  same  location.  The 
distance    from   the   point  of   zero-depression  to  the  point  where  the   line 
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above  referred  to  crosses  the  line  of  zero-load  has  been  found  to  be  as 
much  as  0.20  in.  in  the  track  tested,  though  it  more  generally  runs  from 
0.03  in.  to  0.10  in.  in  track  not  freshly  tamped.  How  large  this  value 
may  become  in  poorly  conditioned  track  is  an  interesting  question.  The 
effect  which  the  variation  in  stiffness  of  track  found  at  the  several  points 
of  the  load-depression  curves  has  upon  the  stresses  developed  in  the  rail, 
upon  the  division  of  pressure  among  the  ties,  and  upon  the  distribution 
of  pressure  over  ballast  and  roadway  is  a  matter  for  future  considera- 
tion, as  is  also  the  effect  produced  by  changes  in  the  magnitude  of  the 
load  itself. 

The  same  variation  from  direct  proportionality  between  track  de- 
pression and  load  (constant  modulus  of  elasticity  of  rail-support)  is 
also  shown  in  the  depression  profiles  for  track  before  tamping  in  that  the 
magnitudes  of  the  depression  for  the  smaller  loads  are  greater  accord- 
ingly than  for  the  larger  loads.  The  effect  is  noticeable  along  the  rail  at 
each  side  of  the  load. 

The  track  depression  profiles  for  one-axle  load  are  of  interest  in 
showing  the  extent  of  influence  of  the  rail  in  carrying  load  to  the 
near-by  ties  and  in  depressing  them — the  curve  of  flexure  of  the  rail 
and  the  vertical  movement  of  the  ties  fitting  to  each  other.  It  may  not 
be  expected  that  the  distance  from  the  load  to  the  point  of  zero-de- 
pression of  rail  (also  point  of  zero-pressure  on  ties)  can  be  accurately 
and  definitely  determined  by  tests  of  this  nature  since  the  slope  of  the 
curve  of  flexure  is  very  slight  for  some  distance  on  each  side  of  this 
point.  Besides,  as  has  already  been  mentioned,  by  the  arrangement  for 
applying  the  load  through  the  jacks  an  equal  amount  of  weight  was 
released  from  the  trucks  of  the  car  and  the  effect  of  the  release  of  load 
in  causing  the  track  to  rise  extended  some  distance  from  the  wheels  of 
the  car. 

An  examination  of  the  depression  profiles  for  the  one-axle  load 
shows  that  the  track  depression  caused  by  a  given  load  on  a  rail  of  heavy 
section  is  less  than  that  found  for  the  lighter  rail  section  at  the  same 
load.     The  load-depression   diagrams-  also   show  this. 

It  is  plain  that  the  heavier  and  stiffcr  rail  will  distribute  the  load  to 
a  greater  number  of  ties,  though  the  effect  is  not  well  shown  by  the 
diagrams  because  of  the  influence  of  varying  load  on  the  car  truck  and 
the  corresponding  influence  on  track  depression  in  its  vicinity. 

The  depression  profiles  and  the  load-deprcs»i.>n  diagrams  show  thai 
the  maximum  track  depression  for  the  two-axle  load  is  greater  than  for 
a  one-axle  load  with  the  same  wheel  load.  For  the  wheel  spacing  used 
the  (life:  of  one  wheel  load  in  contributing  to  tie  pressures  along  the 
rail  extends  beyond  the  other  wheel  load  In  Fig,  16  typical  track  de 
pression  profiles  (shown  by  light  lines)  from  one-axle  load  tests  are 
plotted  in  duplicate  as  for  axle  loads  66  inches  apart.  These  have  been 
combined  bj  summation  into  composite  profiles  as  for  two-axle  loads 
with  this  wheel  inches  (shown  as  dotted  lines).    Tin-  heavy 
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full  lines  arc  depression  profiles  found  from  the  two-axle  load  tests.  It 
is  seen  that  there  is  close  agreement  between  the  composite  curve  and 
the  profile  of  the  two-axle  load  test.  Comparing  the  diagram  for  85-lb. 
rail  with  that  of  a  single  truck  in  Fig.  9,  which  is  a  composite  diagram 
for  two  one-axle  loads  obtained  from  analysis,  it  is  seen  that  there  is  fair 
agreement  with  the  results  obtained  in  the  tests. 

TABLE  2. — Tie  Reactions,  in  Terms  of  Wheel  Load,  P. 
Static-Load  Test  on  Illinois   Central  Railroad  with 
Loading  Apparai  i 


H   J 
o    a 

CO    '" 

a  Ja 

Q 

One-Axle  Load 

|J»-  J5  1)00  lb. 

.?  h 



^  s 

UUUUUULJLJLJLJLJLJ 

85 

6x8 

12 

o.om 

0.035 

n.07.1 

0.119 

0.107 

0. 196 

o.io; 

0.1 19 

0.073 

0.035    0.007 

88 

7x9 

12 

0.0(17 

0.018 

0.037 

0.069 

0.112 

0.161 

0  186 

0.161 

0.112 

0.069 

0.037  :  0.O18 

100 

6x8 

21 



0.015 

0.052 

0.115 

0.193 

0.218 

0.193 

0.115 

0.052 

0.01.5 



6x8 

21 

0.038 

0.110 

0.217 

0.266 

0.217 

0.110 

0.0S8 



One-Axle  Load 

/•=25  000  1b. 
T 



UUUU    UUljljlJljlj^j 

85 

0x8 

12 

0.011 

,,  036 

0.091 

0.155 

0.215 

0.215 

0.155 

0.091 

Q  0  16 

0.011  ' 

85 

7  x  S 

12 

0.009 

o.o;o 

0.100 

0.215 

0.215 

O    IM, 

0.079 

O.009 

100 

Gx8 

2! 

0.011 

0.038 

0.082 

0.152 

0.216 

0.210 

0.152 

0  082 

0.038 

0.611 

0x8 

21 



0  028 

0.087 

0.165 

0.220 

0.220 

0.165 

0.087 

0  028 



Two-Axle  Load 

|/'=2-2  0C0lb. 

P=22  000  lb. 

■ 

UUUUUUUUUl_JLJL_l 

85 

0x8 

12 

0.035 

0.126 

0.228 

o.2'.i ; 

0.317 

0.317 

0.293     0.228 

0.120 

0.C35  | 

85 

7  x9 

12 

0.037 

0.113 

0.215 

0.306 

0.  128 

0.828 

0.306  1  0.21: 

0.113 

0.0'7  1 

125 

0x8 

21 

0.021 

0.108 

0.227 

0.311 

0.330 

0.330 

(Wll    0.227 

0.108 

O.U2I     •■ 

Two- Axle  Load 

1  1  '=22  000  lb.          |P=r 22  0001b. 

. 

UUU.   U      UUUUl_JLJL_JLJ 

85 

0  x  8 

12 

n.n7(i 

0.162 

0  271 

0.332 

0  332 

0.332 

0.271    0  IBS 

0.070  | 

85 

7x9 

12 

2 

(I.OSJ 

0.171 

0.202 

0.311 

,0.320 

0.311 

0.262 

0.171 

0.081 

0.012 



125 

.;  x  s 

21 



0.013 

0.157  |  0.281     0.312 

0.352 

0.312 

0.2S1 

0.157 

0.OI3 



Attention  is  called  to  the  fact  that  in  the  tests  with  two-axle  loads 
(85-lb.  rail)  there  is  no  reversal  of  curvature  visible  between  the  load 
points.  For  a  less  stiff  rail  or  for  a  greater  wheel  spacing  than  5  ft.  6  in. 
reversal  of  curvature  may  be  obtained.  It  will  be  noted  that  the  rail  of 
100-lb    and   that  of   125-lb.   section   give   a   smaller  maximum   depression 
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than  the  rail  of  85-lb.  section.  It  should  also  be  noted  that  the  slope  of 
the  curve  of  flexure  under  a  wheel  load  is  less  for  the  heavier  rail  than 
for  the  lighter  rail. 

Table  2  gives  tic  reactions  expressed  as  proportional  parts  of  the 
wheel  load.  These  values  have  been  calculated  from  the  depression  pro- 
files by  adding  the  depressions  for  the  several  ties  and  determining  the 
proportion  which  the  depression  at  each  tie  bears  to  their  sum.  The 
table  is  helpful  in  giving  an  idea  of  the  loads  which  come  upon  the 
several    ties    for   both    the   one-axle    load    and    the    two-axle    load.      The 


TRACK  DEPRESSION  PROFILES  FROM  TWO-AXLE   LOAD  TESTS, 
AND  COMPOSITE  PROFILES  FROM  ONE-AXLE  LOAD  TESTS. 


.Two-axle  Load  Tcsl 


One-tncle  Load  Teat Oom to         — 

Fig.  46. 

calculations    arc    based    upon    tests    Oil    freshrj    Limpid    track    and    assume 

that  tie  pressures  are  proportional  I  i  depressions.    The  conditions  of  the 

are  not  such  as  to  permit  conclusions  to  1"-  drawn  relative  to  the 

ttffness  of  rail  upon  the  distribution  of  load  to  tics. 

3N.    Depression  Static   Load    Test    With    Mikado    I 

motive     In  Figs.  47  and  48  are  jiven  track  depression  profiles  for 

loading  obtained  with  tin-  Mikado  locomotive  on  rail  of  ^  lb   section  and 


946 


STRESSES    IN    RAILROAD    TRACK 


STRESSES    IN    RAILROAD    TRACK. 


947 


11 

□     1 

L     \ 

§-\J- 

1            \ 

1            -i 

|jii  V: 

R     "V 

1            T 

r  ■■  r 

I       ^ 

lo     / 

|"  T~~" 

L        \ 

n         I 

-./_._. 

e5      c5      d      ci      d 

c 

H 


'saqon]  in  |iit>i  jo  uotss  ..hi  .(| 


948  STRESSES    IN    RAILROAD    TRACK. 

100-lb.  section  on  the  test  sections  of  track  on  the  Illinois  Central  Rail- 
road north  of  Champaign.  For  the  rail  of  85-lb.  section  tests  were  made 
on  three  depths  of  ballast  and  two  sizes  of  ties;  for  the  100-lb.  section 
test  was  made  on  one  depth  of  ballast.  In  all  of  these  tests  the  track 
was  in  freshly  tamped  condition.  It  will  be  seen  that  the  depression  at 
the  points  between  drivers  is  nearly  as  much  as  that  directly  under  a 
driver.  Calculations  have  been  made  to  find  the  load  carried  by  each  tie 
along  the  wheel  base  on  the  assumption  that  there  is  direct  proportionality 
of  tie  reaction  to  track  depression,  an  assumption  which  is  not  far  from 
correct  for  the  condition  of  the  track  at  the  time  of  the  tests.  The 
resulting  tie  reactions  are  given  in  Tabic  3. 

In  Fig.  48  is  given  a  depression  profile  from  a  preliminary  test  on  a 
piece  of  track  which  had  not  been  specially  prepared  for  the  tests. 
Although  not  recently  tamped  this  track  was  apparently  in  good  condi- 
tion. The  ties  were  partly  oak  and  partly  soft  wood,  and  the  spacing 
was  only  fairly  uniform.  The  maximum  depression  is  greater  than  that 
found  with  the  specially  prepared  test  track.  Fig.  48  also  gives  a  de- 
pression profile  for  track  on  cinder  ballast  about  6  in.  deep  below  the 
ties.  Here  again  the  track  had  not  been  recently  tamped,  and  it  is  not 
known  what  part  of  the  increased  depression  results  from  play  or  smaller 
stiffness  at  low  loads. 

39.  Depression  of  Track;  Static  Load  Tests  With  Sztntching  Loco- 
motive. — Among  the  preliminary  tests  on  the  Illinois  Central  Railroad 
was  one  with  a  switching  locomotive,  shown  in  Fig.  30.  Fig.  49  gives 
depression  profiles  for  tests  with  this  locomotive  on  stone  ballasted  track 
and  cinder  ballasted  track  at  the  places  just  reported  for  the  Mikado 
locomotive  and  with  the  track  in  the  same  condition  as  during  those 
tests.  The  effect  of  absence  of  truck  and  trailer  is  quite  marked.  In 
Fig.  49  is  also  given  depression  profile  for  this  switching  locomotive  on 
a  piece  of  branch  line  which  is  laid  with  old  56-lb.  rail  and  which  is 
ballasted  with  cinders.  Attention  is  called  to  the  very  great  track  de- 
pression under  the  drivers.  The  track  had  not  been  recently  tamped  and 
probably  was  not  in  very  good  condition.  It  should  be  stated  that  loco- 
motives of  the  type  used  in  this  test  are  not  run  over  this  branch  line. 

40.  Depression  of  Track  of  the  Delazvare,  Lackaivaniia  &  Western 
Railroad. — Tests  were  made  on  the  track  of  the  Delaware,  Lackawanna  & 
Western  Railroad  near  Dover,  New  Jersey,  to  determine  depression  of 
track  under  the  trucks  of  a  car.  A  light  car  and  a  loaded  car  of  tin 
same  kind  were  used.  Measurements  were  made  by  means  of  a  level 
bar.  The  depression  profile  is  given  in  Fig.  50.  Interferences  by  traffic 
prevented  tin  making  of  tests  as  complete  as  those  made  on  the  Illinois 
Central  Railroad.  It  will  be  seen  that  this  track  shows  less  depression 
for  a  given  load  than  the  track  of  the  Illinois  Central  Railroad. 

41.  Stresses,  in  Rail. — The  stresses  reported  here  are  calculated  from 
values  of  the  strains  measured  in  the  top  of  the  base  of  the  rail  for  the 
static  load  tests  and  at  a  point  below  the  edge  of  the  base  of  the  rail  for 
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TRACK  DEPRESSION  PROFILES. 

STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH  SWITCHING  LOCOMOTIVE. 


Frc.  49. 


TRACK  DEPRESSION   PROFILES. 
STATIC-LOAD  TEST  ON    DELAWARE^  LACKAWANNA 
AND  WESTERN  RAILROAD. 
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D.L.   &  W.  R.R. -TWO-AXLE    LOAD. 
105  1b.  Rail.  7'x9'x8' 6"  Ties.  18"  Trap  Ballast. 

Fig.  50. 
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the  moving  load  tests.  As  already  stated,  the  transformation  from  strain 
to  stress  is  made  by  using  a  modulus  of  elasticity  of  30,000,000  lbs.  per 
sq.  in.  The  stresses  reported  are  those  at  the  remotest  fiber  of  base  of 
rail,  the  reduction  being  made  by  assuming  the  neutral  axis  to  pass  hori- 
zontally through  the  center  of  gravity  of  the  rail  section.  In  the  static 
load  test  the  strains  were  measured  on  one  side  only  of  the  base  of  rail, 
except  in  the  test  made  in  1917  when  measurements  were  made  on  both 
sides.  Not  much  variation  between  the  strains  at  the  two  edges  of  the 
base  of  rail  is  to  be  expected  when  the  loads  are  applied  by  means  of 
the  loading  apparatus.  However,  as  will  be  shown  later,  when  a  loco- 
motive is  used  as  load,  whether  stationary  or  in  motion,  a  considerable 
variation  was  found  in  the  strains  at  the  two  edges  of  the  base  of  rail. 
It  should  be  noted  that  in  these  results  no  attention  was  given  to  the 
bearing  stresses  produced  by  the  concentration  of  wheel  load  on  the  top 
of  rail  nor  to  stresses  due  to  lateral  torsion  of  the  rail.  In  general  in 
the  moving  load  tests  the  stress  reported  is  the  average  of  many  observa- 
tions and  not  the  maximum  found  for  an  individual  test.  The  variation 
of  individual  tests  from  the  average  will  be  discussed  later.  Although 
the  measurements  made  give  the  total  deformation  in  a  gage  length  of 
four  inches  and  the  stress  corresponding  to  the  measured  strain  would 
represent  an  average  stress  over  this  gage  length,  the  observations  have 
been  reduced,  as  described  in  32,  Moving  Load  Tests,  Stremmatograph 
Results,  and  all  the  stresses  given  are  those  for  a  point  at  the  middle  of 
the  4-in.  gage  length. 

42.  Stresses  in  Rail;  One-axle  Load  and  Two-axle  Load. — Figs.  51 
to  59  give  stress  distribution  diagrams  for  one-axle  load  and  two-axle 
loads  (the  axles  being  66  inches  apart)  for  tests  made  on  the  test  sec- 
tions of  track  on  the  Illinois  Central  Railroad  north  of  Champaign, 
Illinois.  The  data  were  obtained  at  the  same  test  sections  and  at  the 
same  time  and  under  same  conditions  as  the  data  on  track  depressions 
already  given.  It  will  be  seen  also  that  the  release  of  load  on  the  truck 
wheels  of  the  car  through  the  application  of  pressure  by  the  loading  jacks 
affected  the  stresses  in  rail  for  some  distance  away  from  the  wheels  and 
thus  that  the  results  found  at  points  some  distance  away  from  the  load 
points  may  not  be  expected  to  represenl  accurately  the  stresses  pro- 
duced by  the  one-axle  load  and  the  tun  axle  load-  Measurements  of 
strains  were  made  with  the  load  at  a  poinl  over  the  tie  and  between 
ties.  As  previously  stated  in  all  tests  before  1917  measurements  of  strains 
were  made  on  only  one  side  of  the  rail.  The  results  given  for  tests 
made  in   1017  are  averages  of  measurements  on  two  sides  of  the   rail. 

Figs.  d()  t.i  63  give  load  stress  diagrams  for  gage  lines  at  the  poinl 
of  application  of  I". id  in  the  case  of  one-axle  load  and  at  the  points  of 

load   in   thi  tWO  axle   loads,   the  if   the   stresses   at    the  two 

points  being  taken  in  the  latter  Case.  The  Values  plotted  an-  the  saun- 
as those  given  in  tin    stres    di  tribution  diagrams  for  a  point  under  the 

load 
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STRESS  DISTRIBUTION  DIAGRAMS. 
STATICJ.OAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS 
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STRESS  DISTRIBUTION  DIAGRAMS. 
STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH    LOADING  APPARATUS. 
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STRESS  DISTRIBUTION   DIAGRAMS. 
STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 
WITH   LOADING  APPARATUS. 
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STRESS  DISTRIBUTION   DIAGRAMS. 
STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH    LOADING  APPARATUS. 
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STRESS  DISTRIBUTION  DIAGRAMS 
STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD  WITH   LOADING  APPARATUS. 
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STRESS  DISTRIBUTION  DIAGRAMS. 

STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL   RAILROAD  WITH   LOADING  APPARATUS 
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STRESS  DISTRIBUTION  DIAGRAMS 
STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH   LOADING  APPARATUS. 
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Little  difference  is  to  be  found  in  the  rail  stress  under  the  load  for 
a  load  over  a  tie  and  for  a  load  midway  between  ties.  The  stress  is 
generally  somewhat  greater  for  the  load  between  ties,  though  the  differ- 
ence is  smaller  than  the  variations  found  in  different  tests. 

It  is  seen  that  the  rail  stresses  differ  markedly  according  to  the 
condition  of  the  track — freshly  tamped  track  giving  smaller  stresses  than 
track  which  has  been  subjected  to  the  action  of  traffic  for  a  considerable 
time  after  receiving  a  general  surfacing.  This  is  found  to  be  true  in 
tests  for  both  the  one-axle  load  and  the  two-axle  load.  A  comparison 
of  the  stresses  developed  under  the  two  conditions  of  track  may  best  be 
made  by  a  study  of  the  load-stress  diagrams.  In  general  for  freshly 
tamped  track  a  straight  line  may  be  drawn  which  fits  fairly  closely  the 


STRESS  DISTRIBUTION   DIAGRAMS. 
STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS. 
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_j    ij—'lj—^j— "-F~i_r 


Before  Tamping. 

ONE-AXLE    LOAD. 


After  Tamping. 

TESTS  OF    1917. 


58 


points  for  the  several  loads  and  passes  through  the  origin  of  co  ordinates 
llii.  is  the  same  as  saying  thai  the  stress  developed  in  the  rail  is 
directly  proportional  to  the  load  applied.  For  track  marked  "before 
tamping"  (track  which  ii  will  be  remembered  has  been  described  as  track 
in  excellent  condition),  a  straighl  line  may  be  drawn  to  tit  fairly  well 
the  points  for  the  several  loads,  but  this  line  will  pass  to  the  right  of  the 
origin,  Foi  the  track  "before  tamping,"  then,  the  stresses  appear  u> 
increa  i  proportional  Ij  to  the  load,  bnl  t  i  the  stress  f  tund  on  tins  .is 
sumption  m  onstanl  stress  to  obtain  the  stress  which  is 

developed   at    the   given   load      It    would    appeal    also    that    the    rate    ol 
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STRESS  DISTRIBUTION  DIAGRAMS. 

STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH   LOADING  APPARATUS. 
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LOAD-STRESS  DIAGRAMS. 
STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS'. 
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LOAD-STRESS  DIAGRAMS. 
STATIC-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS 
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LOAD-STRESS  DIAGRAMS- 
STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD  WITH  LOADING  APPARATUS. 
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increase  of  stress  with  increase  of  load  is  approximately  the  same  in 
track  "before  tamping"  as  in  freshly-tamped  track,  the  lines  in  the  load- 
stress  diagrams  being  approximately  parallel  for  the  two  cases.  For  a 
rail  of  85-lb.  section  the  stress  in  rail  in  an  nntamped  track  was  found 
to  be  as  much  as  6,000  lbs.  per  sq.  in.  more  than  in  freshly-tamped  track, 
and  this  whether  the  load  was  10,000  lbs.  or  50,000  lbs.  per  axle,  or 
whether  the  stress  for  the  freshly-tamped  track  was  5,000  lbs.  per  sq.  in. 
or  20,000  lbs.  per  sq.  in.  Tests  have  not  yet  been  made  to  determine  what 
the  effect  would  be  on  track  in  poor  condition. 

LOAD-STRESS  DIAGRAMS- 
STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL   RAILROAD  WITH  LOADING  APPARATUS. 
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Fig.  63. 

The  stress-distribution  diagrams  give  a  very  good  indication  of  the 
way  the  stresses  vary  along  the  rail  at  points  away  from  the  wheel  load 
and  also  the  way  t he  moments  change  from  positive  to  negative.  It  will 
be  seen  that  the  shape  of  the  curves  and  the  distribution  of  stresses 
along  the  rail  are  very  similar  to  the  distribution  found  by  the  analysis 
heretofore  given  as  illustrated  in  Fig.  9.  In  a  few  cases  the  shape  of  the 
curves  at  points  away  from  the  load  does  not  accord  with  analytical  con- 
siderations, the  curvature  being  in  the  wrong  direction,  but  this  may  have 
been  due  to  an  undetermined  factor  which  entered  into  the  results  when 
the  strain  measurement  was  made  on  onlv  one  side  of  the  rail.. 
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It  cannot  be  expected  that  the  distance  from  the  load  point  to  the 
point  of  zero-stress  in  the  rail  can  be  determined  with  accuracy  from 
the  stress  distribution  diagram,  since  the  effect  of  the  release  of  load  on 
the  truck  wheels  may  extend  to  the  point  of  zero-stress  and  since  the 
slope  of  the  stress-distribution  curve  near  the  point  of  inflection  is 
relatively  flat.  Because  of  these  facts  and  because  slight  variations  of 
track  conditions  will  greatly  affect  the  stress  distribution  diagram  in  this 
vicinity,  it  is  seen  that  the  point  of  zero-stress  cannot  be  accurately  and 
definitely  determined  by  tests  of  this  nature.  Although  values  could  not 
be  definitely  determined  for  either,  the  distance  from  the  load  point  to 
the  point  of  zero-deformation,  taken  from  the  depression  profiles,  is 
found  to  be  approximately  three  times  the  distance  from  the  load  point 
to  the  point  of  zero-deformation  taken  from  the  stress  distribution  dia- 
grams, the  data  for  both  being  taken  from  the  same  tests  on  freshly- 
tamped  track — thus  agreeing  with  the  results  found  by  the  analysis  already 
given. 

The  stress  distribution  diagrams  and  the  load-stress  diagrams  show 
that  for  the  same  wheel  load  the  stress  in  the  rail  under  the  load  is  less 
for  the  two-axle  load  than  for  a  one-axle  load.  It  is  evident  that  for  the 
load  spacing  used  the  effect  of  a  second  load  is  to  produce  a  negative 
moment  in  the  rail  in  the  vicinity  of  the  other  load  point  and  thus  this 
acts  to  decrease  the  stress  in  the  rail  at  each  load  point.  To  show  the 
effect  of  a  combination  of  two  one-axle  loads  a  composite  diagram  has 
been  made  up  in  Fig.  64.  The  broken  line  represents  the  resultant 
stresses  found  by  taking  the  stresses  observed  in  a  typical  one-axle  load 
test  and  then  finding  composite  values  by  taking  the  algebraic  sum  of 
the  stresses  for  two  such  loads  spaced  66  in.  apart.  It  is  seen  that  this 
composite  line  does  not  differ  markedly  from  the  full  line  which  repre- 
sents experimental  values  from  tests  with  two-axle  load.  In  Fig.  64  is 
also  given  by  a  dotted  line  a  composite  diagram  for  two-axle  load  ob- 
tained  from  the  analysis  outlined  in  6,  Combination  of  Wheel  Loads 
This  also  is  in  agreement  with  the  results  obtained  in  the  tests. 

To  bring  out  the  fact  that  relations  exist  in  the  stresses  and  mo- 
ments along  the  rail  which  vary  with  the  spacing  of  the  wheels  and  the 
properties  of  the  track,  there  are  given  in  Fig.  65  three  composite  bend- 
in  •  moment  distribution  diagrams  for  two-axle  loads  which  were  made  up 
hy  means  of  the  analysis  heretofore  given.  The  upper  one  (a)  is  based 
upon  a  value  "f  n  (the  distance  from  a  single  wheel  load  to  the  point 
of  /em  bending  moment  in  the  rail)  equal  to  \{  of  the  distance  between 
tin-  loads;  the  middle  one  (10  upon  a  value  <>f  .r.  equal  to  '  '..  and  the 
lower  one  (c)  upon  a  \ alue  of  r,  equal  to  '  .<  of  the  distance  between 
loads     The  value  which  may  be  expected  to  appl)   to  track  in  any  cast 

will    depend    upon     CI)     the    Spacing    Of    th<     loads,     (2)     the    rail    section 

d  and  (3)  the  stiffne     oi  the  rail  support 

in  the  tests  with  two-axle  load  on  rail  of  85-lb.  section  the  strrs- 
distrihution   diagrams   for   fresh  1)  tamped   track   g<  uerally   show  a  nega 
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COMPOSITE  STRESS  DISTRIBUTION   DIAGRAM 

FOR  TWO  ONE-AXLE  LOADS 

FROM  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD. 

Load  on  one  Rail,  l'=  it  ">oo  lb.  Ticss'o  long. 


1ZJ      LJ    '  LJ-  -T    I    *1_J _J      -_S  F^J'      _J       LJ- 

loooo : IISPl — -r- :    /»>. 


85-lb.  Rail. 
6'x  s"Ties. 

l'i'Cillast. 


Experimental 


0---0  Composite. 

Fig.  64. 


Analytical. 


BENDING-MOMENT  DIAGRAMS 
FOR  TWO-AXLE  LOAD,  DERIVED  FROM  ANALYSIS. 

p|< 1 Ap 


Fig.  65. 


STRESSES    IN    RAILROAD    TRACK.  967 

tive  moment  at  a  point  midway  between  loads.  The  form  of  the  diagram 
corresponds  to  the  form  of  diagram  obtained  by  using  in  the  analysis  a 
value  of  Xi  (the  distance  from  a  single  wheel  load  to  a  point  of  zero 
bending  moment)  of  about  28  in.  For  rail  of  85-lb.  section  in  track  not 
freshly  tamped  the  moment  at  a  point  midway  between  loads,  as  shown 
by  the  diagrams,  runs  from  zero  to  a  positive  moment  of  .25  of  the 
moment  at  the  load  point,  and  the  stress  at  the  load  points  is  greater  than 
was  found  with  freshly-tamped  track.  For  those  tests  which  give  a  mo- 
ment of  zero  at  the  midway  point  it  appears  from  the  load-stress  dia- 
grams that  the  track  was  in  much  better  surface  condition  than  for  the 
tests  which  give  the  higher  moment  at  the  midway  point.  For  the 
highest  loads  used  in  these  tests  it  would  appear  from  the  stress  distribu- 
tion diagrams  as  if  the  axis  of  zero-stress  in  the  diagrams  for  freshly- 
tamped  track  had  been  lowered  from  5000  lbs.  to  7000  lbs.  per  sq.  in., 
the  stress  distribution  diagrams  for  track  not  in  freshly-tamped  condition 
giving  about  the  same  results  as  this  changed  diagram. 

For  the  rail  of  100-lb.  section  the  stress  distribution  diagrams  for 
freshly-tamped  track  show  a  zero  moment  at  a  point  midway  between 
loads.  This  form  of  the  diagram  corresponds  in  the  analysis  to  a  value 
of  the  distance  from  a  single  wheel  load  to  a  point  of  zero  bending  mo- 
ment, Xi,  of  about  33  in.,  one-half  of  the  distance  between  points  of 
applied  load.  In  track  not  freshly  tamped  the  moment  at  the  point  mid- 
way between  loads  is  found  to  be  positive  and  equal  to  about  four-tenths 
of  the  moment  at  the  wheel  load,  and  the  stress  under  the  wheel  load  is 
greater  than  for  track  freshly  tamped.  For  the  higher  loads  the  same 
comment  may  be  made,  the  diagrams  for  track  not  freshly  tamped  bear- 
ing a  resemblance  to  those  for  freshly-tamped  track  with  the  axis  of 
zero  stress  moved  downward  about  6000  lbs.  per  sq.  in. 

43.  Stresses  in  Rail;  Static  Load  Tests  With  Mikado  Locomotive. — 
In  Figs.  66  and  67  are  given  stress  distribution  diagrams  for  static  load 
tests  with  the  Mikado  locomotive  on  rail  of  85-lb.  section  and  100-lb. 
section  on  the  test  sections  of  track  on  the  Illinois  Central  Railroad 
north  of  Champaign.  For  the  85-lb.  section  tests  were  made  on  three 
depths  of  ballast  and  two  sizes  of  ties  ;  for  the  100-lb.  section  tests  were 
made  on  one  depth  of  ballast.  In  all  these  tests  the  track  was  in  a 
freshly-tamped  condition. 

The  stress  distribution  diagrams  give  a  very  good  indication  of 
the  variation  in  stresses  along  the  rail  with  respect  to  the  position  of  the 
wheel  loads.  The  maximum  Stresses  in  the  rail  are  located  directly 
under  the  wheels,  positive  moment  being  developed  at  these  points 
Negative  moments  occur  at  points  between  the  wheels.  The  stress 
under  the  inner  two  drivers  is  generally  less  than  that  under  the  outer 
driver^,  and  that  under  the  front  driver  is  generally  somewhat  greater 
than  that  under  the  rear  driver.  In  the  upper  diagram  of  Fig.  67  the 
under  the  front  driver  is  quite  low.  The  values  plotted  <>n  this 
diagram  are  the  average  of  two  tests  at   the  same  spot,  the  locomotive 
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used  in  the  second  not  being  the  one  used  in  the  first  test.  The  results 
of  the  two  tests  arc  concordant.  Another  peculiarity  of  this  diagram 
is  that  the  stresses  under  the  inner  drivers  arc  higher  than  would  be 
expected.  It  will  be  seen  that  the  highest  negative  moment  in  all  these 
tests  is  between  the  front  truck  wheel  and  tin  front  driver.  The  - 
here  ranges  from  40  per  cent,  to  60  per  cent,  of  that  developed  under 
the  front  driver.  The  stress  under  the  trailer  is  nearly  as  much  as 
that  under  the  outer  drivers,  although  the  load  on  the  trailer  is 
about  three-quarters  as  much  as  that  on  a  driver.  Comparing  these 
stress  distribution  diagrams  with  Fig.  6,  which  war,  obtained  from  the 
analysis  of  track  action,  it  is  seen  that  the  general  form  of  the  curves 
and  the  way  in  which  the  stresses  vary  with  respect  to  the  position  of 
the  wheel  loads  are  quite  similar. 

In  these  static-load  tests  strain  measurements  were  made  on  the 
outer  edge  of  the  base  of  the  rail  only.  In  the  moving-load  tests,  made 
after  the  static-load  tests  were  completed,  it  developed  that  there  were 
considerable  differences  between  the  stresses  on  the  two  sides  of  the 
rail.  A  static  test  was  then  made  to  find  whether  a  similar  condition 
obtained  when  the  locomotive  was  stationary.  These  tests  showed 
similar  differences  in  the  magnitude  of  the  stresses  on  the  two  sides 
of  the  rail.  The  values  found  for  the  static-load  tests  with  the  locomotive, 
given  in  Figs.  66  and  67,  then  may  not  be  expected  to  represent  accu- 
rately the  average  stress  in  the  base  of  the  rail.  The  amount  of 
difference  between  the.  stress  on  the  outside  of  the  rail  and  the  average 
stress  on  the  two  sides,  as  will  be  shown  later,  has  been  found  to  vary 
in  different  tests.  However,  the  results  of  the  strain  gage  measure- 
ments on  only  one  side  of  the  rail  are  of  interest  and  value  in  a  number 
of  ways,  and  they  may  be  considered  to  show  in  a  general  way  the 
distribution  of  stress  along  the  rail  under  the  given  loading. 

The  tests  on  rail  of  100-lb.  section  gave  lower  stresses,  as  might 
be  expected,  but  the  general  distribution  of  stresses  along  the  rail  was 
much  the  same.  The  effect  of  the  increased  section  of  rail  upon  the 
bending  moment   developed   will   be   discussed  later. 

In  Fig.  67  is  also  given  the  stress  distribution  diagram  from  a  pre- 
liminary test  on  a  pine  of  track  with  85-lb.  rail  section  and  about  6  in. 
'one  ballast,  which  had  not  been  specially  prepared  for  the  test. 
This  track  had  not  been  tamped  recently,  but  was  apparently  in  good 
condition.  Although  as  stated  in  38,  Depression  of  Track;  Static-Load 
Test  With  Mikado  Locomotive,  the  track  depressions  were  greater 
than  for  the  prepared  test  track,  it  is  not  apparent  that  the  rail  stresses 
differed  much  from  those  found  on  the  prepared  test  track,  but  there 
is  much  more  variation  in  stress  for  different  settings  of  the  locomotive. 
In  Fig.  67  is  also  given  the  stress  distribution  diagram  for  a  prelimi- 
nary test  of  track  with  cinder  ballast  about  6  in.  deep  and  having 
85-lb.  rail.  The  stresses  in  rail  for  this  track  are  larger  than  thos< 
for   track   on   stone   ballast.      The    track   had    not    been    tamped    recently. 
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and  it  is   not  known   what  part   of   the   increase   was   due   to   the   condi- 
tion of  the  track. 

44.  Stresses  in  Rail;  Sialic  Load  Tests  With  Switching  Locomo- 
tive.— Fig.  68  gives  the  stress  distribution  diagram  for  static  loading 
with  a  switching  locomotive,  as  found  in  an  early  preliminary  test  on 
the  Illinois  Central  Railroad.  The  measurements  are  not  entirely  trust- 
worthy, but  both  the  tests  on  stone  ballast  and  on  cinder  ballast  with 
a  rail  of  85-lb.  section  gave  a  stress  under  the  middle  driver  of  about 
80  per  cent,  of  that  under  the  front  driver.  One  stress  distribution 
diagram  given  in  Fig.  68  is  from  an  early  test  on  track  on  a  branch 
line  having  worn  rail  of  56-lb.  section,  and  cinder  ballast.  The  stress 
under  the  front  driver  is  about  40,000  lbs.  per  sq.  in.,  and  that  under 
the  middle  driver  about  35,000  lbs.  per  sq.  in.  In  this  test  the  measure- 
ments were  made  over  a  length  of  track  of  a  few  tie  spaces,  the  locomo- 
tive being  run  forward  from  time  to  time  so  that  each  driver  was 
successively  spotted  over  the  same  gage  line.  The  stresses  may  there- 
fore not  be  the  same  as  though  taken  on  the  rail  over  the  full  length 
of  the  locomotive  at  a  single  setting. 

45.  Stresses  in  Rail;  Moving  Load  Tests. — As  has  been  stated  in 
the  description  of  the  procedure  of  tests,  in  the  moving-load  tests  four 
or  five  runs  were  generally  made  at  each  of  the  several  speeds,  the 
locomotive  not  working  steam  while  running  over  the  test  section.  As 
shown  in  Fig.  31,  three  instruments  generally  were  placed  on  one  rail 
at  points  between  ties  and  at  tic  spaces  adjacent  to  each  other.  The 
fourth  instrument  was  placed  on  the  other  rail  opposite  the  middle 
one  of  the  three  instruments.  As  the  position  of  the  locomotive  driver 
was  always  such  that  the  counterweight  of  the  front  driver  was  at  its 
lowest  point  when  this  driver  passed  over  the  middle  instrument  of 
the  three,  the  position  of  the  counterweight  of  the  second  or  other 
driver  when  this  driver  passed  a  given  instrument  was  different  from 
that  of  the  first  driver  when  its  record  was  made.  It  is  seen,  then, 
that  the  tests  were  made  in  such  a  way  as  to  give  the  same  effect  of 
counterweight  in  each  run,  but  that  the  several  drivers  bad  different 
positions  of  counterweight  when  passing  an  instrument  and  making  a 
record. 

In    all    the    moving-load    tests    lure    reported,    measurement    of    strain 

was    made    on    the    two    sides    of    the    rail    by    each    instrument,    and    the 

average  stress   for  the  two  sides  of  the  rail  is  lure  reported,     In  some 

the  record  on  on,    sid<    oi   the  other  proved  defective  and  in  these 

I  record     were   used.      \,    ili.-i>-    were    four   instruments 

and  generally  four  or  live  nms  at  each  speed  for  each  set-up  and  three 

Mt  nps  at  adj. ie,  lit  locations,  the  value  of  the  stress  reported  For  a  given 

driver  at  a  given  speed,  and   for  a  given  tesl   section,  is  generally  the 

if   about   a  hundred   records,   and   thus   tnaj    be   considered  to 

be  repn   cntative.     It   should  be  repeated  thai   the  stresses  reported  are 

in  the  base  of  the  rail   at   the  midpoinl   oi    th< 
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line  as  reduced  from  the  measured  strains.  As  the  instruments  were 
placed  between  ties,  the  measurement  of  stress  for  positive  moment 
occurred  with  the  driver  between  ties.  The  measurement  of  maximum 
stress  for  a  negative  moment  depended  upon  the  wheel  spacing,  occur- 
ring when  the  adjacent  drivers  of  the  Mikado  locomotive  were  over 
ties  and  when  the  drivers  of  the  Atlantic  locomotive  were  between  ties. 
•  In  Figs.  69  to  91  the  data  obtained  in  the  tests  on  the  Illinois  Central 
Railroad,  north  of  Champaign,  are  presented  in  graphical  form  for  the 
three  types  of  locomotive  used.  For  each  speed  the  stress  under  each 
wheel  has  been  plotted  and  also  the  stress  at  the  point  of  maximum 
negative  moment  between  wheels.  The  scale  of  the  stress  is  to  be  taken 
as  beginning  under  the  wheel  for  the  positive  moment  stress  and  at  the 
point  between  wheels  indicated  for  the  negative  moment  stress.  Straight 
lines  have  been  drawn  to  give  the  general  trend  of  the  stresses.  The 
type  of  locomotive  and  descriptive  items  concerning  the  track  and  its 
condition  are  noted  on  the  diagrams.  The  stresses  indicated  by  the 
straight  lines  on  these  diagrams  were  considered  to  be  representative  of 
the  average  stresses  for  the  given  conditions.  The  averages  of  all  of 
the  values  given  by  the  straight  lines  have  been  taken  for  two  speeds 
and  have  been  plotted  for  both  positive  and  negative  moments  in  Figs. 
92  to  97.  As  has  already  been  noted,  the  type  of  instrument  used  in  the 
1915  tests  is  less  accurate  than  the  newer  instrument  and  gives  values 
which  arc  smaller  than  the  true  values.  For  this  reason,  the  1916  results 
will  be  used  for  comparisons  wherever  possible. 

46.  Stresses  in  Rail;  Tests  on  Delaware,  Lackawanna  &  Western 
Railroad. — In  Figs.  98  to  101  arc  given  speed-stress  diagrams  obtained 
from  the  data  of  the  tests  on  the  Delaware,  Lackawanna  &  Western 
Railroad,  near  Dover,  N.  J.,  for  the  four  locomotives  used.  The  values 
given  by  the  straight  lines  on  these  diagrams  have  been  taken   for  two 

Is  and  have  been  plotted  for  both  positive  and  negative  moments  in 
Figs.  102  to  105. 

47.  Modulus  of  Elasticity  of  Rail-support.-  The  term  modulus  of 
elasticity   of    rail-support    has    already   been    defined    as    the   pressur 

unit  of  length  of  each  rail  required  to  depress  the  track  one  unit.  It 
ires  the  vertical  stiffness  of  the  support  of  the  rail.  The  magni- 
tude of  the  modulus  of  elasticity  of  rail-support  is  dependent  upon  a 
number  of  elements  such  as  the  compressibility  of  the  tie  and  its  flexural 
stiffness,  the  breadth  and  length  of  the  tie,  the  tie  spacing,  the  char- 
acter "i  iIh  bearing  of  the  tie  on  the  ballast,  the  thickness,  solidification 
.mil  stiffness  of  the  ballast,  tin    nature  of  the  n  and  the  way  in 

which  the  distributed  over  it.     As  the  stresses  dev< 

in   the   rail   and   the  division   of   load   among    ti<    reactions   a\i    directly 
ted  by  the  magnitude    of  the  modulus  "i"  elasticity  of   rail-support, 
lodulus  may  serv<  the  quality  of  track.    It  will 

be  of.  interest  to  learn  what  range  of  values  of  the  modulus 
"i  elasticity   of  rail  support  may  bi  ous  kinds  and 

ditions  of  track. 
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Stresses  betw  ecu  wheels. 


Fig.  85-b. 
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SPEED-STRESS  DIAGRAMS. 

MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD 

WITH  ATLANTIC  LOCOMOTIVE. 


Atlantic  U-4-2) 


O   Q^ 


In  Pounds  per  Square  loci  . 

Str< 


86-b. 
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SPEED-STRESS  DIAGRAMS- 
MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL   RAILROAD  WITH  ATLANTIC  LOCOMOTIVE. 
Atlantic  (I- 1  •?, 


Fig.  87-b. 


Stress,  in  Pounds  per  Square  Inch. 
Stress*  s  i"'i  weon  \vi< 
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SPEED-STRESS  DIAGRAMS. 
MOVING-LOAD  JESTS  ON  ILLINOIS  CENTRAL  RAILROAD  v7lTH_ATLANTIC  LOCOMOTIVE. 

Atlantic  (4-4-2) 

O   UU    o  oh 


in  Pounds  per8quare  tnch. 

Si iv-i'-  iirt  xv ,'cii  Wheels. 


Fie.  88-b. 
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SPEED-STRESS  DIAGRAMS- 
MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  ATLANTIC  LOCOMOTIVE. 

Atlantic  (44-2) 

oo  oo  o 


Fig.  89-b. 


Stress,  in  Pounds  per  Square  Inch. 

Sli' 
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SPEED-STRESS  DIAGRAMS. 
MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD  WITH  PACIFIC  LOCOMOTIVE. 
Pacific  (4-(>2) 


in  Pounds  per  Square  Inch 
Stn  W 


FlC 
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SPEED-STRESS  DIAGRAMS 

MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH  PACIFIC  LOCOMOTIVE. 


Pacific  (4-6-2) 


°Tamp°i°s°      stress,  in  Pounds  per  Square  Inch. 
sses  between  wheels 


Fig.  91-b. 
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STRESS  DISTRIBUTION  DIAGRAMS. 
MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD 
WITH   MIKADO  LOCOMOTIVE. 
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Fig.  92. 

stress  distribution  diagrams. 

moving-load  tests  on  illinois  central  railroad 

with  mikado  locomotive. 
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MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD 

WITH   MIKADO  LOCOMOTIVE. 


Mikado  (2*2) 
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STRESS  DISTRIBUTION  Dl/ 
MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 
WITH  ATLANTIC,  LOCOMOTIVE. 
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Fig.  95. 

STRESS  DISTRIBUTION   DIAGRAMS. 
MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD 
»  WITH  ATLANTIC  LOCOMOTIVE. 
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Fig.  96. 
stress  distribution  diagrams. 

MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD 
WITH  ATLANTIC  LOCOMOTIVE. 
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SPEED-STRESS  DIAGRAMS. 
MGViNG-LOAD  TESTS  ON   DA..  &  WJ?.R.  WITH  MIK 
Mikado  (2-S-2) 


Stress,  in  Pounds  per  Square  Inch. 
Stresses  under  Wheels, 


Fig.  98-a. 


Street  .  In  Pounds  per  Square  Inch, 
SI  resscs  between  win 


Fig.  98-b. 
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SPEED-STRESS  DIAGRAMS. 
MOVING-LOAD  TESTS  ON   D.L  &  W.R.R.  WITH  PACIFIC  FREIGHT  LOCOMOTIVE. 


Series         Ballast. 


2032  !0i5  IS" 


O^ 


Stress,  in  Pounds  per  Square  Inch. 
■  is  under  Wheels. 

Fig.  99-a. 


Pacific  (4-0-:?)  (Freight) 


Stress,  in  Pounds  per  Square  Inch. 
[i  Wheels, 


Fig.  99-b. 
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SPEED-STRESS  DIAGRAMS- 
MOVING-LOAD  TESTS  ON   D.L.   &  W.R.R.  WITH    PACIFIC  PASSENGER   LOCOMOTIVE. 


Pacific  (Passenger)  (4-G-2) 


Stress,  in  Pounds  per  Square  Inch. 
Stresses  under  Wheels. 


Fig.  100-a. 


Pacific  (Passenger)  (4-G-2) 


Stress,  in  Pounds  per  Square  Inch. 
ntrrwwiH  between  wheels. 
Fta  100-b. 
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SPEED-STRESS  DIAGRAMS- 
'  MOVING-LOAD  TESTS  ON   D.L.  &  W.R.R.  WITH  TEN-WHEEL  LOCOMOTIVE, 
Ten-Wheel  I      - 


o  c 


Stress,  in  Pounds  l  erSquare  Inch, 
Stresses  under  Wheels. 


Fig.  101 -a. 
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STRESS  DISTRIBUTION    DIAGRAMS. 
MOVING-LOAD  TESTS  ON  D.L.  &  W.R.R.  WITH    MIKADO  LOCOMOTIVE. 
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-io'i- 


20000 

c    15000- 
o 

2    loooo- 

C 

cc 

u      5000- 


0- 

2U(  H  Ki- 
lo 000- 


10000- 


(S     51 


-5000- 


7  x  D  x  "8  0  TieB. 

Mikado  (2*3) 


miles  per  boon 


10  miles  per  hour 


Fig.  102. 


STRESS   DISTRIBUTION    DIAGRAMS. 
MOVING-LOAD  TESTS  ON  D.L.  &  W.R.R.  WITH  PACIFIC  FREIGHT  LOCOMOTIVE. 
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MOVING-LOAD  TESTS  ON  D.L.  &  W.R.R.   WITH  FACIFIC    FASSENGER  LOCOMOTIVE 
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MOVING-LOAD  TESTS  ON  D.L.  &  W.R.R.  WITH  TEN-WHEEL  LOCOMOTIVE. 
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The  definition  of  the  term  implies  that  the  modulus  of  elasticity  of 
rail-support  is  a  constant  for  any  given  condition  of  track — that  the  track 
has  the  usual  property  of  an  elastic  body.  In  the  discussion  of  the  data 
on  track  depression,  it  was  shown  that  the  depression  of  track  may  not 
be  proportional  to  the  load  applied;  under  such  conditions  the  modulus 
of  elasticity  of  rail-support  would  not  be  a  constant.  The  tests  indicate 
conditions  of  track  which  may  be  classified  in  three  groups.  The 
plotted  depressions  may  give  a  straight  line  passing  through  the  origin 
as  at  a  Fig.  106,  denoting  a  constant  modulus  of  elasticity — a  condition 
which  may  be  expected  in  well-tamped  track  and  where  the  tie  has  a  full 
bearing  immediately  below  the  rail  and  for  some  distance  each  way 
along  its  length,  even  when  only  a  small  load  is  applied.  The  plotted 
depression  may  form  a  straight  line  which  passes  to  the  right  of  the 
origin  as  at  b,  denoting  that  some  condition  exists  such  as  the  presence 
of  some  play  between  tie  and  ballast  immediately  below  the  rail  necessi- 
tating the  bending  of  the  tie  before  a  full  and  fair  bearing  is  obtained 
along  its  length ;  in  this  case  the  depression  may  be  found  by  the  use  of 
a  constant  modulus  of  elasticity  of  rail-support  plus  a  constant.  At  c 
the  condition  is  similar,  except  that  the  points  do  not  give  a  straight  line 
relation;  in  this  case  the  relation  of  depression  to  load  may  be  approxi- 
mated by  a  constant  modulus  of  elasticity  of  rail-support  drawn  to  pass 
the  points  somewhat  as  shown  in  the  figure.  For  track  in  poor  condi- 
tion, the  relation  of  depression  to  load  may  be  expected  to  vary  from 
the  straight-line  relation  even  more  than  shown  in  the  figure.  As  con- 
ditions of  track  vary  greatly,  the  relation  between  track  depression  and 
load  may  be  expected  to  cover  a  considerable  range  of  values  and  con- 
ditions. It  is  evident  that  the  constant  modulus  of  elasticity  of  rail- 
support  applies  very  well  to  the  conditions  of  best  track,  and  that  for 
poor  and  indifferent  track  the  actual  relation  between  depression  and 
load  departs  considerably  from  a  straight-line  relation. 

Values  of  the  modulus  of  elasticity  of  rail-support  have  been  cal- 
culated from  the  data  of  the  track  depressions  by  adding  the  depressions 
at  the  several  ties  for  the  length  of  the  depressed  track  or  for  the 
length  for  which  the  loads  used  are  considered  to  affect  the  track  de- 
ions.  The  total  load  on  the  wheels  within  the  length  used  was 
linn  divided  by  tin  number  of  tics  in  this  length  and  by  the  tic  spacing 
in  inches.  The  values  of  the  modulus  of  elasticity  of  rail -support  are 
thus  given  in  pounds  per  inch  of  length  of  rail  per  inch  of  depression 
Tin  symbol  u  is  used  to  represent  it.  A  continuous  load  of  u  pounds 
per  inch  of  rail  on  each  rail  would  depress  the  track  one  inch.  For  tin 
loading,  in  computing  the  modulus  ot'  elasticity  of  rail-sup 
port  tin-  total  track  depression  was  usedl  the  static  tests  with  locomotive 
all  made  on  track  in  well  tamped  condition,  For  the  one  axh  load 
and  two-axle  load  tests  the  lines  ol  tin-  load-depression  diagrams  wen 
studied  ami  here  some  allowance  was  made  for  the  plaj  .it  lighl  load  *•■■■ 
track  conditions  which   gave   indications  of    such   play,   net    track   depres 
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TABLE  4 — Values  m  M< .us  of  Elasticity  ok  Rah.  Support. 


Depth 

Sire  of 
ties,  in 
inches. 

Condi- 
tion of 
tamping 

85-Lb.    Rail. 

100-Lb.   Rah,. 

125-Lb. 

Rail. 

ballast, 

in 
inches. 

Loco- 
motive. 

One- 
Axle. 

Two- 
Axle. 

Loco- 
motive. 

One- 
Axle. 

Two- 
Axle. 

Loco- 
motive. 

One- 
Axle. 

24 

6  by  8 

Before 

1  170 

1  190 
1  640 

1  180 

1  090 
1  100 

1  640* 

1  0«0 

1  030 

880 

1  820* 



1  600 

1  330 

1  180 

1  000 

1  090 

1  690 

24 

6  by  8 

After 

1  650 

1  510 

1  710 
1  430 

1  540 
1  420 
1  8<)0 
1  830 
1  880 

1  920 

1  660 
1  570 

1  840 

- 

1  560 

2  010 

1  630 

1  510 

1  670 

1  590 

1  830 

Size  of 
ties,  in 
inches. 

85-Lb. 

Rail. 

Depth  of 
ballast. 

Before  Tamping. 

After  Tamping. 

Loco- 
motive. 

One- 
Axle. 

Two- 
Axle. 

Loco- 
motive. 

One- 
Axle. 

Two- 
Axle. 

12 

6  by  8 
A  vera 

880* 

910* 

930* 

1  270* 

1  210* 

910* 
950* 

990 
1  040 
1  000 

810 

1  000 

940 

910 

870 

1  030 

930 

1  010 

920 

890 

12 

7  by  9 
Avera 

1  300 
1  500 
1  060 

1   19  T 

800 

870      . 
950 

1  230 
1  110 
1  150 

880 

1  170 

980 

1  260 

870 

1  160 

1  170 

930 

6 

6  by  8 

950 

810 

i  280 

1  030 

1  010 

970 
880 

990 
1  100 
1  030 
1   180 

1  020 

920 

1  080 

•  This  track,  marked  as  '•  before  tamping,1'  seemed  to  be  in  as  good  condition  &*  "  after 
tampiop."' 
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sions  being  tised  for  the  calculations.  In  some  cases  a  general  com- 
promise straight  line  was  used.  The  values  reported  are  given  tentatively 
and  may  need  empirical  modifications  later  to  fit  into  other  experimental 
data. 

In  Table  4  are  given  the  values  of  the  modulus  of  elasticity  of  rail- 
support  as  calculated  from  the  track  depressions.  The  conditions  of  track 
are  not  very  definitely  stated,  but  even  in  track  marked  "before  tamping" 
the  track  was  in  good  surface  and  only  in  a  few  instances  was  the  track  in 
need  of  tamping.  The  values  derived  from  the  tests  for  the  different 
methods  of  loading  on  the  same  track  agree  very  well.  There  seems 
some  tendency  towards  a  higher  value  of  the  modulus  in  the  track  having 
the  heaviest  rail.     It  is  apparent  that  the  character  and  condition  of  the 
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track  greatly  influences  the  magnitude  of  the  modulus  of  elasticity  oi 
rail-support.  The  value  of  the  modulus  on  the  track  of  the  Illinois  Cen 
tral  Railroad  with  24-in.  ballast  may  be  taken  as  about  1600  lbs.  per  inch 
per  inch.  This  u-st  stretch  is  on  the  northbound  track.  For  the  track  on 
d-in.  and  U-in.  ballast,  the  values  are  in  the  neighborhood  of  1000,  <\ 
cepl  for  the  track  on  7\'>  in.  tics,  where  the  values  are  higher,  saj  about 
These  last  named  .tfetches  of  test  track  are  on  the  southbound 
track  Although  the  embankment  For  th<  two  tracks  was  built  at  differ 
nit  times,  it  is  nol  known  that  tin-  two  parts  of  thi  embankment  have  an) 
in   i  ondrrion      In   all   these  test     ■  thw    is  a 

22  in.  whi  ts  w.r.   in. hi.      Fof  the  track  qsi 

hi   service,  which  was  ballasted  with  6  in.  of  cinders   in  not   ven 
compacl  condition,  the  value  of  the  modulus  i<\  elastirit)   of   rail  support 
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is  about  750.  For  the  track  of  the  Champaign  and  Havana  branch  of  the 
Illinois  Central  Railroad,  with  about  6  in.  of  fine  cinder  ballast  above  a 
light  embankment  of  loam,  tic  spacing  varying  from  22  to  26  in.  (56-lb. 
rail),  the  modulus  of  elasticity  of  rail-support  found  \\;h  about  530.  At 
the  time  the  track  was  not  in  good  condition  at  the  point  where  the 
test  was  made.     Some  of  the  ties  were  partially  decayed. 

For  the  track  of  the  Delaware,  Lackawanna  &  Western  Railroad,  in- 
formation on  the  depression  of  track  and  the  condition  of  the  track  is 
not  complete  and  only  an  estimated  value  of  the  modulus  of  elasticity  of 
rail-support  can  be  given.  This  track  was  evidently  stiffer  than  the  track 
of  the  Illinois  Central  Railroad.  The  value,  2200  lbs.  per  inch  per  inch, 
is  probably  representative  of  this  track.  The  track  had  18  in.  of  trap- 
rock  ballast  below  the  tie  and  the  material  of  the  roadbed  below  was 
Mich  that  it  was  very  solid.  The  spacing  of  the  7x9  in.  x  8  ft.  6  in.  ties 
averaged  about  22  in. 

48.  Bending  Moment  Coefficient  and  Stresses  in  Rail. — It  will  be 
convenient  in  making  calculations  and  comparisons  to  use  the  term  bend- 
ing moment  coefficient  as  the  coefficient  by  which  the  wheel  load  I'  may 
be  multiplied  to  find  the  bending  moment  in  the  rail  at  a  given  point. 
Generally,  the  term  will  refer  to  the  bending  moment  directly  under  a 
wheel  load.  In  the  case  of  a  combination  of  wheels,  the  moment  under 
a  wheel  will  be  expressed  in  terms  of  the  wheel  load  at  the  given  point. 
The  bending  moment  coefficient  will  also  be  used  in  connection  with  the 
maximum  negative  bending  moment.  In  this  case  the  wheel  load  used 
in  connection  with  the  coefficient  should  be  specified.  The  symbol  A'  will 
represent  the  bending  moment  coefficient. 

The  sections  of  the  rails  used  in  the  tests  are  shown  in  Fig.  107. 
The  properties  of  the  sections  are  given  in  Table  5. 

In  columns  marked  S  in  Table  6  arc  recorded  fiber  stresses  in  base 
of  rail  derived  from  the  tests  on  the  Illinois  Central  Railroad,  the  values 
being  averages  of  those  plotted  in  Figs.  69  to  91.  The  stresses  are  given 
in  thousands  of  pounds  per  sq.  in.  Corresponding  values  of  the  bending 
moment  coefficients  are  given  in  the  columns  to  the  right  of  the 
stresses    (marked  K).     These  were  calculated   from  the   stresses   by   the 

usual  formula  M  =  K.P  = .     For  the  negative  moments  between  driv- 

c 
ers  the  average  load  on  the  adjacent  drivers  was  used  as  P.  For  the 
negative  moments  between  a  driver  and  a  truck  or  trailer,  the  load  on 
the  adjacent  driver  was  used  as  P.  It  should  be  borne  in  mind  that  the 
tests  were  made  on  stretches  of  track  having  differing  track  conditions, 
and  in  making  comparisons  this  should  be  taken  into  consideration. 

Table  7  gives  stresses  and  bending  moment  coefficients  obtained  in  a 
similar  manner  from  the  tests  on  the  track  of  the  Delaware,  Lackawanna 
&  Western  Railroad,  near  Dover,  N.  J. 

The  bending  moment  coefficients   found  in  the  tests  with  the   several 
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types  of  locomotive,  given  in  the  foregoing  tables,  arc  shown  diagram- 
matically  in  Figs.  108  to  117. 

In  Fig.  118  the  stresses  in  rail  at  speeds  of  5  miles  per  hour  and  35 
or  60  miles  per  hour,  taken  from' Table  6,  are  plotted  for  the  three  sec- 
tions of  rail. 

Discussion  of  the  results  given  in  these  tables  and  diagrams  will  be 
found  in  the  following  pages. 

49.  Effect  of  Speed. — The  position  of  the  plotted  points  in  Figs. 
69  to  91  indicates  that  a  rectilinear  relation  between  stress  in  rail  and 
speed  of  locomotive  fits  the  data  more  generally  and  more  satisfactorily 
than  any  other  form  of  relation.  The  variations  of  the  plotted  points 
from  the  straight  lines  of  the  diagrams  are  generally  not  greater  than 
may  be  expected  when  variations  in  conditions  of  track  and  locomotive, 
errors  of  instruments  and  observations,  and  other  accidental  causes  of 
variation  are  taken  into  account.  Generally  for  any  test  the  lines  of  a 
diagram  are  parallel  or  nearly  so. 


TABLE  5. — Properties  of  Sections  of  Rails  Used  in  Tests. 


- 

Area, 

In 
square 
inches. 

Moment  op  Inertia. 

Section  Modulus. 

Rail  section. 

For- 

horizontal 

axis. 

For 

vertical 

axis. 

Horizontal  Axis. 

Vertical 
Axis. 

Base. 

Head. 

Base. 

86  lb.    Am.   Soc.  C.    E. 

7.85 

9.84 

.10.23 

12.30 

27.0-in.* 
44.0   " 

47.6  " 

68.7  » 

7.3-id.< 
10.7    " 
10.0    " 
18.4    " 

ll.l-in.3 

16.1  " 

17.2  " 
22.0    " 

i0.1-in.« 
14.6    - 

14  r  •' 
ltt.6   " 

100-lb.  Am.  Soc.  C.  E.... 

105-U).  D.  L.  &W 

125-lb.  F.  R.  R 

8.72    " 
8.72    "■ 
4.87    " 

In  Table  8  are  given  values  of  the  increase  in  stress  due  to  speed  as 
obtained  from  the  rectilinear  relation  of  the  diagrams.  In  the  columns 
marked  A  the  increase  is  expressed  as  pounds  per  sq.  in.  increase  in 
stress  for  each  mile  per  hour  increase  in  speed  above.  5  miles  per  hour. 
In  the  column  marked  B  the  effect  of  speed  is  given  in  per  cent,  of  the 
stress  in  the  rail  at  5  miles  per  hour  for  each  mile  per  hour  increase  ol 
speed  above  5  miles  per  hour.  It  will  be  seen  that  the  values  for  the 
increase  for  positive  moment  range  from  about  0.3  to  1.2  per  cent,  in- 
crease for  each  mile  per  hour  increase  in  speed.  Values  higher  than 
0.9  per  cent,  arc  found  in  a  number  of-  cases.  The  increases  found  in 
the  tests  on  the  Delaware,  Lackawanna  &  Western  Railroad  given  in 
Table  9  are  of  the  same  character,  hut  the  values  are  somewhat  sniallei 
ili. in  tho  e  found  in  the  tests  on  the  Illinois  Central  Kaili 

It  will  be  noted  that  the  effect  of  speed  for  the  several  wheels  and 
Foi  tli'-  different  rail  sections  given  in  the  tallies  shows  considerable 
'•'nation  lli'  causi  '■:  thcs<  variation  is  not  known  It  m.i\  lie  partlj 
iii  the  locomotives,  and  parti}  in  .nridMit.il  conditions  of  the  runs  of  tin- 
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SECTIONS  OF  THE  RAILS  USED  IN  TESTS. 


85-llx  Am.  Soc.  C.E. 
(Worn) 


100-M:>.  Am.  Soc.  C.E. 


Perm.  H.R. 


lOVlb.  D.L.  &  W.  R.  R. 


Fig.  107. 
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tests.  Although  the  runs  were  all  made  with  the  counterweight  in  it? 
lowest  position  as  it  passed  the  middle  instrument,  part  of  the  tests  were 
made  with  the  three  instruments  on  the  rail  at  the  right  side  of  the  loco- 
motive and  part  with  the  three  instruments  at  the  left  side,  and  hence  in 
one  case  the  counterweights  on  the  other  side  of  the  locomotive  opposite 
the  three  instruments  were  ahead,  and  in  the  other  case  behind,  the  posi- 


DIAGRAM  OF  BENDING   MOMENT  COEFFICIENTS, 

FROM   MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH   MIKADO  LOCOMOTIVE. 
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Fig.  108. 


tion  of  the  middle  instrument.     A  study  of  the  tests  shews  no  variations 
traceable  to  these  differences  of  conditions. 

The  heavier  rail  section  appears  to  give  a  somewhat  higher  propor- 
tional increase  of  stress  with  increase  of  speed  than  the  lighter.  The 
indications  in  the  tests  on  track  of  the  Illinois  Central  Railroad  are  thai 
tin-  Mikado  locomotive  gives  a  rate  of  increase  somewhat  greater  than 
th<  Atlantic  and  the  Pacific.  The  tender  trucks  give  B  Still  higher  ral 
mi  lease,  though,  of  course,  the  amount  of  the  stress  is  less  than  that 
under  the  drivers. 
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The  porportional  increase  in  the  -tress   for  negative  moment  is  I 

and    rather   irregular,   as   would   be   expected   from   the   smaller  value  of 

this  stress  and  tl  r   variations  of  conditions  to  which  it  is  subjected. 

The  sum  of  thi  for  positive  moment  and  negative  moment  shows 

r  uniformity  in  the  tests  than  docs  either  set  of  stresses. 

Exceptions    from   uniformity   of   action   are    found   in   the   tests.      In 
Fig.  82,  the  stresses  under  the  rear  driver  are  less  at  high  speeds  than  at 


DIAGRAM  OF  BENDING  MOMENT  COEFFICIENTS, 

FROM   MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH  MIKADO  LOCOMOTIVE. 
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Fig.  109. 


low  speeds,  and  the  data  at  the  several  speeds  are  consistent.  In  other 
instances  one  driver  or  one  truck  wheel  shows  a  much  higher  increase 
with  speed  than  do  the  other  wheels. 

It  should  be  remembered  that  the  diagrams  and  tests  give  the  aver- 
age of  a  large  number  of  runs,  and,  of  course,  the  increases  found  for 
individual   runs  are  considerably  greater  than  the  average  values. 
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DIAGRAM  OF  BEADING   MOMENT  COEFFICIENTS, 
FROM  MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 
WITh^MIKADO  LOCOMOTIVE. 
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No  discussion  of  the  cause  of  the  increased  stress  at  the  higher 
speeds  will  be  made  at  the  present  time. 

50.  Influence  of  Rail  Section. — In  structural  members  the  bending 
moment  for  a  given  load  is  usually  independent  of  the  section  of  a  beam 
or  girder  which  carries  load,  and  the  fiber  stress  in  the  beam  is  inversely 

/ 


proportional  to  the  section   modulus,  ~ 


For  the  track  structure  it  has 
been   shown   by   analysis   that    for   a   one-axle   load   the   bending   moment 


T  VBLE  7. — Stresses  in  Rail,  S,  and  Bending  Moment  Coefficients.  K, 

from   Moving-Loap  Tests  on  Delaware,  Lackawanna  & 

Western  Railroad. 


developed  varies  with  tin  rail  section,  becoming  larger  as  the  moment  of 
inertia  of  the  section  is  increased;  and,  therefore,  in  calculating  the  fiber 
stress  produced  by  a  given  load  in  a  given  rail  section  the  value  of  the 
bending  moment  developed  with  the  use  of  that  rail  section  must  be 
known.  For  a  two-axle  load  or  a  three-axle  load  or  for  a  combination 
of  driver  loads  and  truck  wheel  loads  the  magnitude  of  the  bending 
moment  will  Still"  be  dependent  upon  the  rail  section,  but  not  to  the 
same  extent  as  with  a  single  load;  and  the  influence  of  the  rail  section 
upon   the   bending   moment   developed   will    also   depend   upon    the  wheel 
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DIAGRAM  OF  BENDING   MOMENT  COEFFICENTS, 
FROM  MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD 
WITH  ATLANTIC  LOCOMOTIVE. 
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DIAGRAM  OF  BENDING  MOMENT  COEFFICENTS, 

FROM  MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH  ATLANTIC  LOCOMOTIVE. 
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DIAGRAM  OF  BENDING   MOMENT  COEFFICIENTS, 
FROM  MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 
,                                WITH  ATLANTIC   LOCOMOTIVE. 
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DIAGRAM  OF  BENDING  MOMENT  COEFFICIENTS, 

FROM  MOVING-LOAD  TESTS  ON  DELAWARE,  LACKAWANNA  &  WESTERN- 

RAILROAD  WITH  MIKADO  LOCOMOTIVE. 
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DIAGRAM  OF  BENDING  MOMENT  COEFFICENTS, 

FROM  MOVING-LOAD  TESTS  ON   D.L.  &  W.R.R., 

WITH   PACIFIC  FREIGHT  LOCOMOTIVE 
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DIAGRAM    OF    BENDING  MOMENT  COEFFICIENTS, 
FROM   MOVING-LOAD  TESTS  ON  D.  L.  &  W.  R.R., 
WITH  PACIFIC  PASSENGER  LOCOMOTIVE. 
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DIAGRAMS  OF  BENDING   MOMENT  COEFFICIENTS. 
FROM    MOVING-LOAD  TESTS  ON  D.,L   &    W.R.R.,  WITH    TEN-WHEEL  LOCOMOTIVE. 
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STRESSES  IN   RAIL  FOR  THREE  RAIL  SECTIONS, 
FROM  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD. 
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spacing.  The  general  analytical  relations  involving  the  effect  of  the  rail 
section  upon  the  bending  moment  have  already  been  derived.  Values 
found  from  the  tests  will  now  be  presented.  It  will  be  most  convenient 
to  use  in  the  discussion  the  bending  moment  coefficient  K  by  which  the 
wheel  load  P  may  be  multiplied  to  get  the  bending  moment  at  the  load 
or  at  a  point  between  loads. 

TABLE  8.—  Increase  in  Stress  in  Rail  Die  to  Steed. 

Tests  on  Illinois  Central  Railroad. 
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The  results  are  presented  graphically,  the  values'  of  the  bending 
moment  coefficients  obtained  at  the  drivers  and  other  loads  being  plotted 
against  the  moment  of  inertia  of  the  rail  section.  Fig.  II0?  gives  the 
values  from  the  tests  on  the  Illinois  Central  Railroad  foi  one-axle  load 
and  two-axle  load  applied  statically  and  for  three  types  of  locomotive 
.it  two  speeds.  The  values  at  the  left  side  of  each  diagram,  plotted  Foi 
a  moment  of  inertia  of  27,  are  results  obtained  with  the  worn  85  lb.  rail 
rable  5  for  properties  of  the  rail  sections),  The  values  on  the  right 
id.  -,i  each  diagram,  plotted  For  a  mement  oi  inertia  of  66:7,  are  results 
obtained  with  the  1 25-lb.  rail.  In  the  case  of  the  one-axle  and  two-axle 
loads  results  arc  also  given   Foi    the  100-lb.  rail,  the  moment  oi    Inertia 
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of  the  section  being  44.  The  moving  load  tests  with  the  Mikado  and 
Atlantic  locomotives  on  the  100-lb.  rail  were  made  in  1915  and,  there- 
fore, with  the  old  form  of  stremmatograph,  while  the  tests  with  the  85- 
lb.  and  125-lb.  rails,  whose  results  are  plotted  in  Fig.  119,  were  made  in 
1916  with  the  new  form  of  stremmatograph.  For  this  reason  the  tests 
with  the  Mikado  and  Atlantic  locomotives  on  the  100-lb.  rail  are  not 
plotted.  Only  1915  tests  are  available  for  the  Pacific  Locomotive  on  the 
85-lb.  rail ;  in  comparing  with  the  bending  moment  coefficients  for  the 
125-lb.  rail  from  the  1916  tests  it  should  be  kept  in  mind  that  the  1915 
values  are  probably  somewhat  low.  For  convenience  in  comparing  re- 
sults lines  have  been  drawn  connecting  corresponding  points. 

The  upper  left-hand  diagram  of  Fig.  119  gives  values  of  the  bend- 
ing moment  coefficient  for  the  one-axle  load  tests  with  the  three  rail 
sections.  In  the  static  load  tests  as  readings  were  taken  on  only  one 
side  of  the  rail  except  in  the  1917  tests,  the  values  may  not  be  directly 
comparable  though  for  this  form  of  test  not  much  variation  has  been 
found  for  the  two  sides  of  the  rail.  It  is  seen  that  the  heavier  rail 
gives  a  much  higher  bending  moment  coefficient  than  the  lighter.  If  the 
difference  in  the  track  conditions  be  taken  into  account,  the  125-lb.  rail 
being  on  track  of  24-in.  ballast  which  gave  a  higher  modulus  of  elas- 
ticity of  rail-support  than  that  of  the  track  on  which  the  tests  of  85-lb. 
rail  here  used  were  made,  the  contrast  becomes  greater.  Fig.  119  also 
gives  the  analytical  values  of  the  bending  moment  coefficients  for  a  one- 
axle  load  based  on  the  probable  values  of  the  modulus  of  elasticity  of 
rail-support  used  in  the  tests,  1000  in  one  case  and  1600  in  the  other. 
The  trend  of  the  analytical  values  is  much  the  same  as  that  derived  from 
tli.    test  data. 

The  upper  right-hand  diagram  of  Fig.  119  gives  values  of  the  bend- 
ing moment  coefficient  corresponding  to  the  observed  stress  found  in  the 
three  rail  sections  for  the  two-axle  load  tests.  The  wheel  spacing  is  66  in. 
The  analytical  values  of  the  bending  moment  coefficients  are  also  given. 
The  same  values  of  the  modulus  of  elasticity  of  rail-support  are  used  as 
for  the  one-axle  load  tests.  The  trend  oi  the  values  shows  higher  bendim; 
moment  coefficients   for  the  heavier  rail   sections. 

Fig.  11°  also  uives  values  of  the  bending  moment  coefficients  corre- 
sponding  to  the  stresses  observed  in  the  moving  load  tests  with  the 
Mikado,  Atlantic  and  Pacific  locomotives.  Values  are  given  for  speeds 
of  5  miles  per  hout  and  35  or  60  miles  per  hour.  The  bending  moment 
coefficients  for  the  heavier  rail  sections  are  markedly  larger  than  for 
the  lighter  sections,  and  this  is  trire  for  the  drivers  and  the  trailer.  The 
values  of  the  coefficients  of  negative  betiding  motnem  .u.  not  plotted 
lure,  but  these  also  show  an  increased  coefficient  for  the  heavier  rail 
ec'tions  Tb.it'  tin  bending  mometrl  coefficients  should  be  greater  for 
tli.  heavier  sections  is  evident  from  analytical  considerations,  especiallj 
in  tbi  the  trailer,  which  is  at  some  distance  from  other  wheels 

and    in    the   ease   of   .mter   drivers.      The    increase   due    to    increase    oi    set 


1028  STRESSES  IN  RAILROAD  TRACK. 

tion,  however,  is  greater  than  may  be  expected  from  the  analysis  of  track 
action  herein  given,  or  for  any  known  rational  analysis.  For  the  drivers 
and  trailer  of  the  three  types  of  locomotive  used  on  the  Illinois  Central 
Railroad  the  values  of  the  bending  moment  coefficient  derived  by  the 
analysis  are  less  than  10  per  cent,  higher  for  track  with  the  125-lb.  sec- 
tion than  for  track  with  the  85-lb.  section.  For  the  tests  at  5  miles  per 
hour  the  values  of  the  bending  moment  coefficients  average  nearly  30 
per  cent,  higher  with  the  125-lb.  section  than  with  the  85-lb.  section,  con- 
sidering the  drivers  and  the  trailer  of  the  three  types  of  locomotive.  For 
the  tests  at  the  higher  speeds  the  increase  is  still  greater. 

In  Fig.  119  also  are  plotted  points  for  the  bending  moment  coeffi- 
cients derived  from  the  tests  on  the  Delaware,  Lackawanna  &  Western 
Railroad  with  the  Mikado  and  Pacific  locomotives,  the  rail  being  105- 
lb.  section.  The  wheel  spacing  and  wheel  loads  in  these  locomotives  are, 
of  course,  not  the  same  as  those  of  the  same  type  on  the  Illinois  Central 
Railroad. 

51.  Effect  of  Wheel  Spacing. — The  analytical  treatment  of  the  action 
of  track  showed  that  the  spacing  of  wheels  has  a  considerable  effect 
upon  the  magnitude  of  the  bending  moments  developed  in  the  rail.  The 
experimental  values  confirm  this  finding.  An  inspection  of  Fig.  119 
shows  that  for  all  the  locomotives,  except  the  Atlantic,  the  bending 
moment  coefficients  for  the  trailers,  which  arc  well  away  from  the  driv- 
ers and  the  tender  trucks,  are  considerably  higher  than  those  for  the 
drivers,  and  that  those  for  the  drivers  of  the  Atlantic  locomotive  are 
higher  than  for  the  more  closely  spaced  drivers  of  the  Mikado  locomo- 
tive. The  effect  is  even  more  marked  at  the  higher  speeds.  Another  view 
of  this  may  be  had  from  the  stresses  plotted  in  Fig.  118.  Notwithstand- 
ing that  the  weight  on  the  trailer  of  these  locomotives  in  only  75  per  cent, 
to  80  per  cent,  of  that  on  a  driver,  the  stresses  in  the  rail  under  the 
trailer  are  greater  than  those  under  the  drivers  except  for  the  Atlantic 
locomotive,  and  in  the  case  of  the  Atlantic  there  is  greater  spacing  of 
drivers  and  smaller  distance  from  the  rear  driver  to  trailer.  All  the 
results  confirm  the  importance  of  wheel  spacing  indicated  by  the  analysis. 

Something  of  the  effect  of  changing  the  spacing  of  wheels  is  shown 
by  Figs.  120,  121  and  122,  where  values  of  the  bending  moment  coeffi- 
cients derived  by  the  analytical  method  are  plotted  against  wheel  spacing 
for  two-axle  loads,  three-axle  loads  and  four-axle  loads.  In  some  cases 
it  is  seen  there  are  regions  of  spacing  where  the  spacing  has  little  effect 
upon  the  bending  moment  coefficient.  It  is  to  be  noted  that  for  a  point 
midway  between  wheels  the  shorter  spacings  give  positive  moments. 
Although  the  values  given  in  this  figure  will  not  correspond  exactly 
with  experimental  results,  the  figure  is  useful  in  learning  the  trend  of 
the  effect  of  changes  in  wheel  spacing.  It  is  evident  that  the  effect  of 
wheel  spacing  upon  stresses  in  track  is  a  matter  which  should  have  con- 
sideration when  the  design  of  the  spacing  of  the  wheels  of  locomotives 
and  cars  is  made. 
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52.  Influence  of  Condition  of  Track  and  Locomotive. — The  tests 
already  reported  are  mainly  on  the  prepared  test  sections  of  track  which 
were  laid  with  new  oak  ties  of  uniform  size  and  shape,  uniformly  spaced 
and  kept  in  excellent  surface  condition.  It  was  felt  that  some  connec- 
tion of  results  should  be  made  with  track  in  conditions  other  than  those 
of  the  prepared  track,  and  tests  were  made  on  what  may  be  considered 
the  ordinary  run  of  main  line  track  adjoining  the  test  sections  and  on 
track  having  special  conditions,  such  as  low  spots,  defective  ties  and 
cinder  ballast. 

The  tests  on  what  may  be  termed  the  ordinary  track  of  the  Illinois 
Central  Railroad  were  made  on  track  adjacent  to  the  test  sections  of 
track.  The  conditions  of  rail,  ballast  and  roadway  were  quite  similar 
to  those  of  the  prepared  test  sections.  The  ties  were  sound  hewn-  ties 
of  mixed  woods,  oak  and  gum  and  some  pine,  nominally  6  x  8  in.  x  8  ft., 
spaced  fairly  uniformly  about  20  in.,  center  to  center.  The  tests  were 
made  on  stretches  of  track  having  6  m.  and  24  in.  of  ballast  under  the 
ties.  The  track  was  in  good  condition.  Fig.  123  gives  track  depression 
profiles  for  one-axle  load  tests  at  three  locations.  The  data  were  ob- 
tained photographically  and  cover  only  a  short  length  of  track  for  each 
location.  Fig.  124  shows  the  stress  distribution  diagrams  at  the  same 
places,  and  Fig.  125  gives  load-stress  diagrams.  It  will  be  noted  that  the 
load-stress  diagrams  approximate  straight  lines  passing  through  the 
origin.  Figs.  126  and  127  give  speed-stress  diagrams  for  locomotive 
loading  at  several  speeds  at  two  places  along  the  track.  The  position  of 
instruments  and  the  methods  used  were  the  same  as  in  the  tests  re- 
ported for  the  test  track.  The  average  value  of  the  modulus  of  elas- 
ticity of  rail-support,  u,  taken  from  the  one-axle  load  tests  is  about  1000, 
which  is  about  the  same  as  the  average  for  the  special  tests  sections 
(omitting  the  24-in.  ballast).  The  stresses  in  rail,  both  for  the  one-axlf 
load  tests  and  the  moving-load  tests,  agree  closely  with  the  results  found 
in  the  similar  tests  on  the  prepared  test  stretches  of  track  of  like  condi- 
tions of  ballast  and  rail,  the  differences  being  no  more  than  may  be  due  to 
accidental  differences  in  the  locomotive  or  to  accidental  differences  in 
testing.  The  results  indicate  that  the  tests  on  the  prepared  sections 
of  track  may  be  taken  as  representative  of  similar  track  under  ordi- 
narily good  conditions  and  that  the  principal  difference  to  be  expected 
in  ordinary  track  is  a  greater  variation  in  results  and  somewhat  larger 
individual  values  where  differences  in  tamping  or  in  size  or  quality 
or  spacing  of  tie  may  result  in  a  greater  variation  from  the  average 
stress. 

To  get  some  indication  of  the  effect  of  a  poor  tie,  tests  wen.-  made 
in  several  places  where  a  tie  under  one  rail  was  decayed  somewhat  and 
the  rail  had  cut  into  the  adjoining  ties,  the  decayed  tie  not  taking 
it-  mil  share  of  load  and  the  adjoining  ties  having  more  than  their 
share.  Fig.  128  gives  track  depression  profiles  for  the  one-axle  load 
:(  sts   at    three  locations,   E.  p  and  G,  of  Fig.  26,  the  load  being  placed 
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over  the  decayed  tie.  The  profiles  are  characterized  by  a  sharper  curva- 
ture at  the  point  under  the  load  than  was  found  in  the  tests  with 
sound  tics,  though  the  depression  was  not  particularly  greater  than  in 
ordinary  track.  Fig.  129  shows  the  stress  distribution  diagrams  at  the 
same  places,  and  Fig.  130  gives  load-stress  diagrams.  In  some  cases  the 
load-stress  diagram  is  a  straight  line  passing  through  the  origin  and  in 
some  cases  not.  The  stresses  in  the  rail  over  the  decayed  tie  for  a 
single-wheel  load  of  25,000  lbs.  are  23,800,  25,600,  29,200  lbs.  per  sq.  in. 
(averaging  26,200  lbs.  per  sq.  in.),  which  may  be  compared  with  an 
average  stress  of  about  21,000  lbs.  per  sq.  in.  for  otherwise  like  condi- 
tions of  track  in  the  prepared  test  sections.  Moving-load  tests  with 
the  Mikado  locomotive  were  also  made  at  the  two  locations,  /  and  L, 
shown  in  Fig.  26.  Fig.  131  gives  the  position  of  the  instruments  with 
reference  to  the  decayed  tie,  and  Figs.  132  and  133  are  speed-stress 
diagrams  giving  the  average  of  the  stresses  obtained  with  three  instru- 
ments. At  location  I,  the  decayed  tie  was  in  such  condition  that  it 
gave  little  bearing  resistance  to  the  rail  load,  and  the  two  adjoining 
ties  were  sound  but  somewhat  cut  by  the  rail.  At  location  L,  the 
decayed  tie  offered  some  bearing  resistance,  but  the  adjacent  ties  were 
poor  and  badly  cut.  Comparing  the  stresses  in  the  rail  given  in  these 
figures  with  the  average  stresses  for  the  prepared  test  sections,  it  is 
seen  that  the  stresses  under  the  drivers  and  trailer  of  the  Mikado 
locomotive  at  the  several  speeds  from  5  to  35  miles  per  hour  average 
about  20  per  cent,  higher  in  the  first  location  and  35  per  cent,  to  40  per 
cent,  higher  in  the  second.  As  these  stresses  were  measured  at  gage 
lines  between  ties  and  include  measurements  made  at  places  away  from 
the  decayed  tie,  it  may  be  expected  that  the  stress  in  the  rail  at  a 
point  over  the  decayed  tie  would  be  materially  higher  than  that  given 
in  the  diagrams.  It  will  be  shown  in  the  next  article  that  the  variation 
in  stress  on  the  two  sides  of  the  rail  is  much  greater  in  this  case  than 
in  ordinarily  good  track.  Stresses  at  the  outer  edge  of  base  of  rail 
were  found  which  average  about  150  per  cent,  higher  than  the  average 
rail  stress  for  good  track. 

Tests  were  made  on  a  spot  where  for  about  a  rail  length  the  track 
was  low,  especially  along  one  rail.  A  low  spot  on  the  other  rail  a  rail 
length  or  so  away  served  to  give  the  locomotive  a  roll  at  speeds  above 
5  miles  per  hour.  The  sags  were  quite  apparent  to  the  eye.  The  sec- 
tion foreman  explained  the  presence  of  the  low  spots  as  caused  by  too 
much  tamping  at  the  ends 'of  the  rail  in  raising  the  joints  which  had 
become  low.  The  track  depression  throughout  the  middle  of  the  length 
of  the  rail  under  the  static-load  tests  was  0.70  in.  under  the  rear  driver 
of  the  Atlantic  locomotive,  about  double  that  found  after  the  track 
had  been  properly  tamped  up,  the  latter  being  about  the  same  as  that 
which  was  found  in  ordinarily  good  track.  Figs.  134  to  136  give  the 
speed-stress  diagrams  for  the  Atlantic  locomotive  at  this  low  spot.  The 
number  of  observations  is  smaller  than  have  been  averaged  in  the  tests 
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TRACK  DEPRESSION    PROFILES  FOR  DECAYED  TIE. 
STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD,  WITH  LOADING  APPARATUS. 
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STRESS  DISTRIBUTION   DIAGRAMS  FOR  ORDINARY  TRACK. 
I  .  STATIC-LOAD  TESTS  ON    ILLINOIS  CENTRAL  RAILROAD, 

WITH  LOADING  APPARATUS. 
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Fig.  124. 


LOAD-STRESS  DIAGRAMS  FOR  ORDINARY  TRACK. 
STATIC-LOAD  TESTS  ON    ILLINOIS  CENTRAL  RAILROAD,  WITH  LOADING  APPARATUS. 
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SPEED-STRESS  DIAGRAMS  FOR  ORDINARY  TRACK 
MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  MIKADO  LOCOMOTIVE. 


Stress,  iu  Pounds  per  Square  Inch. 
Stresses  under  Wheels.    ' 


Fig.  126- a. 


Mikado  (2-8-2) 
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Stresses  between  Wheels. 


Fig.  126-b. 
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SPEED-STRESS  DIAGRAMS  FOR  ORDINARY  TRACK 
MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  MIKADO  LOCOMOTIVE. 


Stress,  in  Pounds  per  Square  Inch. 

Stresses  under  Wheels. 


Fig.  127-a. 


Mikado  (2*2) 
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Stresses  between  Wheels. 


Fig.  127-b. 
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TRACK  DEPRESSION  PROFILES  FOR    ORDINARY  TRACK. 
STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD, 
WITH  LOADING  APPARATUS. 
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STRESS  DISTRIBUTION   DIAGRAMS  FOR   DECAYED  TIE. 
STATIC-LOAD  TESTS  ON    ILLINOIS  CENTRAL  RAILROAD, 
WITH  LOADING  APPARATUS. 
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LOAD-STRESS  DIAGRAMS  FOR  DECAYED  TIE. 
STATIC-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD,  WITH  LOADING  APPARATUS. 
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on  the  prepared  stretches  of  track,  but  it  is  large  enough  to  seem  to 
be  representative  of  the  action  of  the  track  here.  At  5  miles  per  hour 
the  stress  in  rail  is  about  15  per  cent,  higher  than  for  good  track,  and 
at  60  miles  an  hour,  20  per  cent,  to  35  per  cent,  higher.  At  the  latter 
speed  values  at  the  front  driver  were  found  as  high  as  43  per  cent, 
more  than  for  good  track.  In  each  case  the  values  plotted  are  the 
averages  of  the  values  obtained  with  the  three  instruments  on  the  low 
rail  for  three  or  more  runs. 

Tests  were  made  on  the  track  which  leads  from  the  freight  yards 
at  location  N  in  Fig.  26.  This  track  has  6  in.  of  cinder  ballast  on  a 
light  loam  soil.  The  ties  were  in  good  condition  and  the  tie  spacing 
uniform.  Although  not  recently  tamped,  the  track  was  in  fair  condi- 
tion. Fig.  137  gives  the  speed-stress  diagrams  for  the  Mikado  locomo- 
tive.    The   stresses   are  higher  than   those    found  with  6   in.    of   ballast 


POSITION   OF  STREMMATOGRAPHS 
WITH   REFERENCE  TO  DECAYED  TIE. 


n 


Q 


-■ — r- 
No.  7 


No.  i 


Location   / 


f    2014    -    20M         i;;, 
Locution  L 

Fig.  131. 


2*>rt 


on  the  main-line  track,  averaging  perhaps  12  per  cent,  higher,  and. 
Under  some  wheels,  being  18  per  cent,  or  more  higher.  A  rather 
narked  characteristic  of  these  diagrams  is  the  unusual  variation  in  values 
at  the  different  wheels  and  the  different  speeds;  individual  results  are 
found  which  are  much  higher  than  the  average  values  which  are  plotted 
in   the  diagrams. 

'      Although  this   report   will   not   take  up  the  observed   action  of   the 
ties  and  ballast  and  the  relation  of  their  properties  to  the  propertii 
the  track,   it  may   be   remarked   here   thai    the   prepared   main-lim 
track,  which  is  ballasted  with  broken  ms  to  show  little  differ- 

between  ih«-  stresses  in  rail  on  track  which  has  6  in.  of  ballast 
and  on  track  which  has  1_'  iii.  The  results  an-  more  erratic  and  more 
variabli    in  the  forraei   case  than  in  tin-  latter,  and  of  course  the  ques 
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SPEED-STRESS  DIAGRAMS  FOR  DECAYED  TIE. 
MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  MIKADO  LOCOMOTIVE 
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Fig.  132-a. 
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Fig.  132-b. 
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SPEED-STRESS  DIAGRAMS  FOR  DECAYED  TIE. 
MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD  WITH  MIKADO  LOCOMOTIVE. 


Stress,  in  Pounds  per  Square  Inch. 
Stresses  under  Wheels. 


Fig.  133-a. 


"Mikado  C2-8-2) 


oo  oo 


Stress,  Id  rounds  per  Square  Inch. 
Btreesoe  between  WTieeta, 


Fig.  133  b 
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tion  of  the  time  intervals  between  necessary  track  surfacing  is  not 
here  considered.  The  track  with  24-in.  ballast  was  noticeably  stiffer 
than  either  of  the  foregoing,  giving  smaller  track  depressions  under 
load  and  a  larger  value  of  the  modulus  of  elasticity  of  rail-support. 
The  diagrams  also  show  that  the  track  on  24-in.  ballast  has  somewhat 
smaller  stress  in  the   rail   than  the  track  on   lighter  ballast. 

To  show  that  conditions  of  the  locomotive  may  greatly  affect  the 
amount  and  distribution  of  the  stresses  in  the  rail,  an  instance  which 
occurred  in  one  of  the  early  tests  may  be  cited.  A  test  was  being 
made  to  compare  the  results  obtained  by  the  strain  gage  and  the 
stremmatograph.  The  stremmatograph  record  showed  almost  no  stress 
under  the  third  driver  of  the  Mikado  locomotive.  Strain-gage  readings 
made  with  static  loading  gave  the  same  results.  An  examination  showed 
that  the  equalizer  for  the  third  driver  had  been  temporarily  blocked 
up  by  the  engineman  while  out  on  a  run  to  decrease  the  load  on  the 
driver  to  prevent  heating  of  the  bearing  and  the  blocking  had  not  been 
removed  when  the  locomotive  was  returned  to  the  roundhouse.  In  Fig. 
138  are  given  the  stresses  under  the  wheels  obtained  by  strain-gage 
measurements  when  the  equalizer  was  blocked  up,  and  also  the  values 
obtained  with  the  locomotive  in  normal  condition.  It  is  seen  that  the 
stress  under  the  fourth  driver  was  greatly  increased  and  that  those 
under  the  second  driver  and  the  trailer  were  somewhat  larger  than  for 
normal  conditions. 

53.  Relation  of  the  Stresses  on  the  Two  Sides  of  the  Rail. — It 
may  appear  natural  to  think  that,  since  the  wheel  load  is  a  vertical 
load,  the  flexural  action  in  the  rail  will  be  such  that  the  fiber  stress 
will  be  uniform  all  the  way  across  the  base  of  the  rail.  Even  if  the 
pressure  of  the  wheel  is  not  applied  centrally  over  the  head  of  the 
rail  the  effects  of  this  eccentricity  of  loading  will  be  to  produce  vertical 
flexural  stresses  in  the  lail  and  probably  a  torsional  effect;  little  lateral 
horizontal  bending  of  the  rail  may  be  expected  to  result  from  this 
source.  In  planning  the  tests  lateral  bending  of  the  rail  was  not  ex- 
pected to  be  an  important  element.  In  the  earlier  test  work,  therefore, 
the  strain  measurements  with  both  the  strain  gage  and  the  stremmato- 
graph were  made  at  one  edge  of  the  base  of  the  rail  only,  the  outer 
edge  being  used  because  of  its  greater  convenience.  The  stremmatograph 
tests  showed  marked  irregularities  and  seemingly  erratic  results,  which 
were  unexplainable  on  the  ordinary  assumption,  and  steps  were  taken 
to  find  the  source  of  the  variations.  Tests  were  made  with  the  position 
of  the  stremmatograph  reversed  on  the  rail  in  order  to  measure  the 
deformation  at  the  inner  edge,  and  the  results  were  compared  with 
those  found  with  the  measurements  at  the  outer  edge  of  the  rail,  all 
other  conditions  as  to  track,  position  of  locomotive  and  speed  remain- 
ing the  same.  The  average  of  the  stremmatograph  measurements  at  the 
two  edges  of  the  base  of  rail  was  found  to  be  fairly  uniform  and  con- 
sistent for  runs  which  were  comparable,  but  the  stress  at  one  edge  was 
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SPEED-STRESS  DIAGRAMS  FOR  LOW  SPOT  IN  TRACK. 

MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD. 

WITH  ATLANTIC  LOCOMOTIVE. 
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SPEED-STRESS  DIAGRAMS  FOR   LOW  SPOT  IN  TRACK. 
MOViNG-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD. 
WITH  ATLANTIC  LOCOMOTIVE. 
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Fig.  135-a. 
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SPEED-STRESS  DIAGRAMS  FOR  LOW  SPOT  IN  TRACK. 

MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD. 

WITH  ATLANTIC  LOCOMOTIVE. 
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SPEED-STRESS  DIAGRAMS  FOR  CINDER  BALLAST. 

MOVING-LOAD  TESTS  ON  ILLINOIS  CENTRAL  RAILROAD 

WITH  MIKADO  LOCOMOTIVE. 


Stress,  in  Pounds  per  Square  Inch; 
Stresses  under  Wheals. 


Fig.  T37-a. 
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usually  different  from  that  at  the  other  edge,  sometimes  more  than 
twice  as  great.  Generally  speaking,  the  higher  value  was  found  at  the 
outer  edge  of  the  rail.  The  instruments  already  made  were  then  rebuilt 
m  such  way  that  each  strcmmatograph  measured  the  deformation  both 
at  the  inner  edge  of  the  base  of  rail  and  at  the  outer  edge,  and  this 
improvement  was  followed  in  instruments  made  thereafter.  It  may  be 
added  that  in  static  tests  with  a  locomotive  the  results  of  measurements 
made  with  a  strain  gage  showed  differences  in  stresses  at  the  two  edges 
which  were  quite  similar  to  the  results  found  in  the  moving-load  tests, 
while  static  tests  made  with  the  loading  device  showed  little  difference 
in  stress  on  the  two  sides  of  the  rail. 

As  another  check  on  the  phenomenon,  measuremt  tits  were  made  at 
the  base  of  the  rail  to  see  whether  the  rail  showed  lateral  movement 
as   the  wheel   moved   by.     It  was   observed  that   there   was   an   outward 


STRESS  DISTRIBUTION   DIAGRAM 
WITH   EQUALIZER  OF  LOCOMOTIVE  BLOCKED  UP. 
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Fig.  138. 

movement  at  the  base  of  the  rail  immediately  under  the  wheel  and  an 
inward  movement  at  a  point  between  wheals,  the  rail  thus  forming 
along  the  length  of  the  locomotive  a  horizontal  curve  something  like  a 
sinusoid.  A  similar  outward  and  inward  movement  occurred  in  the 
other  rail,  and,  in  the  observations  referred  to,  the  movements  of  both 
rails  were  outward  under  a  given  axle  and  inward  at  points  between 
axles;  in  other  word-,  th  the  base  of  rail  was  increased  al  t h< 

wheel  points  and  decreased  at  points  between  wheels.  The  amount  of 
•bis  movement  was  small,  but  it  was  measurable,  ranging  from  0.01  in 
to  0.03  in.  with  ib'  85  lb.  rail  in  the  preliminary  test  referred  to  ft 
will  I"  seen  later  that  tin  movement  oJ  the  rail  is  nol  always  of  the 
character  ju  I  described,  there  being  several  forms  of  movement. 

With  an  outward  bending  ol  the  rail  at  a  point  under  a  wheel  load 
the  ten  ile  »tr<    i    it  tin   outer  edge  oi  the  base  ol  rail  is  increased  ovci 
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that  due  to  vertical  bending,  and  with  an  inward  bending  at  a  point 
between  wheels  the  compressive  stress  at  the  outer  edge  of  the  base  of 
rail  is  also  increased,  the  stress  at  the  inner  edge  of  rail  being  decreased 
in  both  cases.  In  the  head  of  the  rail  the  effect  on  the  stresses  is 
reversed,  but  since  the  head  is  narrower  than  the  base  the  difference  in 
stresses  at  the  two  sides  of  the  head  of  the  rail  is  smaller  than  that 
found  at  the  base  of  the  rail. 

Table  10  gives  values  of  the  ratio  of  the  stress  at  one  edge  of  the 
base  of  rail  to  the  mean  of  the  stresses  at  the  two  edges.  Where  the 
minus  sign  is  given,  the  stress  at  the  inner  edge  is  the  greater;  otherwise 
that  at  the  outer  edge  is  the  greater.  The  table  is  a  sample  of  the  data 
obtained  (the  complete  data  being  very  voluminous)  and  is  probably 
representative  of  the  observations.  The  values  given  are  those  found 
by  individual  instruments;  averages  of  several  instruments  would  mask 
the  effect  of  variations  in  track  and  of  variations  in  movement  of  loco- 
motive. In  looking  over  the  table  it  should  be  borne  in  mind  that  the 
runs  were  made  in  a  way  such  that  the  counterweight  of  the  front 
driver  on  the  side  of  the  track  on  which  there  were  three  instruments 

at  its  lowest  point  as  it  passed  the  middle  instrument,  and  that  the 
succeeding  wheels  made  their  records  at  a  later  time,  and  therefore  the 
measurement  of  stresses  for  the  several  wheels  was  not  made  simulta- 
neously. Naturally  the  values  cover  quite  a  range.  There  are  many 
ratios  as  high  as  1.30  and  a  number  as  great  as  1.50  (which  means  that 
the  stress  at  one  edge  of  base  is  1.86  and  three  times  as-  great,  re- 
spectively, as  the  stress  at  the  other  edge).  The  few  ratios  higher  than 
1.75  doubtless  may  not  be  fully  reliable. 

The  ratios  at  points  midway  between  wheels  (not  given  in  the  table) 
run  to  even  higher  values  and  are  more  discordant,  as  might  be  ex- 
pected, from  the  fact  that  the  magnitude  of  the  stress  is  less  than  that 
at  points  under  the  wheels.  The  difference  between  the  numerical  value 
of  the  stresses  at  the  two  edges,  as  may  be  expected,  is  in  general  less 
at  the  point  between  wheels  than  it  is  at  points  under  the  wheels. 

The  phenomenon  of  difference  in  stress  at  the  two  sides  of  the  rail 
is  found  at  all  speeds.  The  magnitude  of  the  stress  at  either  edge  of 
the  base  of  rail  varies  with  the  speed,  generally  increasing  with  increase 
of  speed,  though  sometimes  the  stress  at  one  edge  decreases  with  speed. 
In  general,  the  ratio  of  the  stresses  at  the  two  edges  of  the  base  of 
rail  is  not  noticeably  different  at  high  speeds  than  at  low.  In  fact,  the 
changes  in  stress  with  speed  are  quite  consistent  at  each  edge,  as  is 
shown  in  Fig.   139. 

It  appears  that  one  of  the  elements  which  affect  the  differences  in 
ped  at  the  two  edges  of  the  base  of  rail  is  the  condition 
of  the  track.  Higher  ratios  are  found  more  frequently  in  track  not 
recently  tamped.  An  excellent  example  of  the  effect  of  the  condition 
of  track  is  seen  in  the  observations  at  the  two  locations  having  a  tie 
in  the  partially  decayed  condition  referred  to  in  article  52.     The  position 
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TABLE  10. — Values  of  the  Ratio  of  the  Stress  at  One  Edge  of  the 

Base  of  Rail  to  the  Mean  of  the  Stresses  at  the  Two 

Edges.     Prepared  Test  Sections  of  Track. 
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of  the  instruments  -with  reference  to  the  poor  tie  is  shown  in  Fig.  131. 
The  ratio  of  the  stress  at  edge  of  rail  to  the  mean  of  the  stresses  at 
the  two  edges  is  given  in  Table  11.  Each  value  given  for  a  single 
instrument  is  the  average  of  the  results  at  several  runs  at  a  given 
speed;  individual  run-  give  higher  ratios.  In  the  test  at  location  I, 
26,  )"<>r  instrument  No.  2,  which  was  next  to  the  decayed  tie,  the 
average  of  the  ratios  under  the  drivers  and  trailer  for  all  speeds  is 
1.35  (about  80  readings  in  all).  The  average  of  the  highest  values 
found  at  each  speed  for  all  the  drivers  and  trailer  is  1.46  (about  16 
readings  included  in  getting  this  average).  Stated  in  the  other  way, 
this  means  that  the  stress  at  the  outer  edge  of  the  base  of  rail  is  about 
2.1  times  the  stress  at  the  inner  edge  when  the  ratio  is  1.35,  and  2.7 
times  when  the  ratio  is  1.46.  For  instrument  No.  3,  located  at  the  tie 
space  ahead  of  No.  2,  the  average  ratio  at  all  speeds  is  1.26,  the  highest 
being  1.36.  For  instrument  No.  7,  which  is  on  the  other  rail  and  oppo- 
site instrument  No.  3  (this  end  of  the  decayed  tie  being  sound),  the 
variation  in  stresses  is  the  same  as  at  No.  3  (i.  e.,  the  rail  bends  out- 
ward) ;  the  average  of  the  ratios  at  all  speeds  is  1.10,  with  a  maximum 
ratio  of  1.14.  For  instrument  No.  4,  ahead  of  No.  3  and  on  the  other 
side  of  the  decayed  tic,  the  ratio  is  1.16  and  runs  sometimes  positive 
and  sometimes  negative.  For  this  instrument,  the  ratios  given  by  the 
records  at  the  time  the  instrument  was  midway  between  wheels  are 
high,  the  average  for  all  the  wheels  and  all  the  runs  being  1.48,  with 
maximum  values  of  1.67. 

In  the  case  of  the  other  test  location  at  a  partially  decayed  tic 
(location  L,  Fig.  26),  the  instruments  were  placed  on  one  rail  only. 
The  values  in  Table  11  show  highest  values  for  instrument  No.  7,  al- 
though instrument  No.  4  gives  nearly  as  high  an  average.  One  driver 
gives  an  average  ratio  at  all  speeds  of  1.43,  with  a  maximum  of  1 
one  speed. 

High  ratios  of  the  stress  at  the  edge  of  base  of  rail  to  the  mean 
of  the  stresses  at  the  two  edges  were  found  in  the  case  of  track  bal- 
lasted with  cinders.  This  track  (location  A^,  Fig.  26),  was  not  in  as 
good  surface  and  alinement  as  the  main-line  track.  Table  12  gives  the 
ratios  under  the  drivers  and  trailer  at  the  several  speeds.  It  is  seen 
that  ratios  as  high  as  1.35  were  not  infrequent.  In  Fig.  140  the  stresses 
at  the  two  edges  of  the  rail,  found  by  averaging  the  results  from  the 
four  instruments,  are  shown  for  the  four  speeds  used.  It  is  seen  that 
for  each  wheel  the  stress  at  one  edge  of  the  base  of  rail  is  in  general 
consistently  larger  than  at  the  other.  The  averages  of  all  the  instru- 
ments at  30  mil<  -  per  hour  give  stresses  of  31,000  lbs.  and  the  records  of 
individual  instruments  were  as  high  as  35,000  lbs.  (the  latter  being,  of 
course,  the  average  of  several  run>). 

Some  high  values  of  ratios  found  on  the  prepared  test  track  when 
in  good  condition  are  given  in  Table  13,  which  gives  the  results  of  a 
single   run   with   a   Mikado  locomotive  at  a   speed   of  35   miles  per  hour. 
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It  is  seen  that  at  instrument  No.  4  all  wheels  except  one  give  high 
ratios,  the  highest  being  1.75  (the  stress  at  the  outer  edge  in  this  case 
being  35,000  lbs.  per  sq.  in.  and  that  at  the  inner  edge  5,000  lbs.  per 
sq.  in.).  At  instrument  No.  2,  the  stresses  at  the  inner  edge  usually  are 
higher  than  those  at  the  outer  edge. 

A  study  of  the  data,  including  a  large  amount  not  here  reported, 
shows  that  the  stress  at  the  outer  edge  of  base  of  rail  is  almost  always 
larger  than  that  at  the  inner  edge,  and  also  that,  generally,  both  rails 
bend  outward  under  the  wheel  loads.  Sometimes  one  rail  bends  inward 
as  the  other  bends  outward,  indicating  a  swing  of  the  load.  Generally 
the  bending  is  inward  at  a  point  between  wheels,  but  sometimes  it  is 
in  the  reverse  direction.  To  what  extent  the  coning  of  the  wheels  con- 
tributes to  the  outward  bending  of  the  raij  and  what  other  factors 
enter  into  the  action  will  not  be  discussed  in  this   report.     In  this  con- 

SPEED-STRESS  DIAGRAM  FOR  EACH   EDGE  OF  BASE  OF  RAIL. 
MOVING-LOAD  TESTS  ON   ILLINOIS  CENTRAL  RAILROAD  WITH  MIKADO  LOCOMOTIV 

Mikado  (2-8-2) 


.  m  Pounds  per  Square 
Stresses  un  ler  Wheels. 


Fro.  130. 


nection    it    should   Ik-    noted   thai    for   the    tests    with    the    loading   jacks 
\(i\    little  difference   was    found   in   the   stresses   at    the  two   sides   of   the 

rail. 

It  seems  evident   from  a  stu<K   of  all  the  data   thai    stresses  at   the 
of   base  of   rail   30   per   cent,   greater   than    those   due   to   vertical 
load   may   1"    expected    in    what    would   he   considered    good    track    and 
that  occasional  values  considerably  higher  than    ;i1  p  bable. 

With  track  in  poor  condition,  the  lateral  bending  of  rail  i 
Ilii    means  thai  the  lateral  strength  of  the  rail  i-  an  important  elemenl 
in    track    i  For    the    various    rail    sections    used,    the    si 

modulus   ( — )   with  a  vertical  .i\  -  about  i 

of   that    for  a   horizontal   axis     The   lateral   bending   moment,   then,   is 

much  less  than  the  vertical  bending  moment,  hut  its  effect  in  incr< 
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the  fiber  stress  is  such  that  it  needs  consideration  in  the  determination 
of  stresses  in  rail. 

54.  Variation  in  Measured  Stresses  and  the  Relation  Between  Aver- 
age Stress  and  Maximum  Stress. — The  stress  developed  in  the  rail 
under    moving   loads    applied    through    locomotive    and    car   wheels    may 

TABLE  11. — Values  of  the  Ratio  of  the  Stress  at  One  Edge  of  the 
Rah.  to  the  Mean  of  the  Stresses  at  the  Two 
Edges.    Tie  in  Partly  Decayed  Condition. 
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not  be  expected  to  have  the  same  magnitude  for  different  applications 
of  load  at  the  same  place  or  for  different  places  having  nominally  the 
^anle  conditions.  What  variations  from  the  average  stresses  already 
reported  may  be  expected  to  occur  and  what  maximum  stresses  may  be 
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expected  are  matters  of  importance.  To  arrive  at  a  judgment  on  these 
questions  will  require  a  study  of  the  variation  in  the  observed  values 
and  of  the  probable  errors  of  observation.  Having  determined  the  limit- 
ing error  of  observation  which  is  probable  and  also  the  variation  in 
the  observed  values  which  may  be  expected,  a  value  of  the  probable 
limiting  variation  in  the  actual  stress  developed  in  the  rail  may  be 
approximated,  which  will  assist  in  judging  what  maximum  stress  may 
be  expected  to  occur. 

With  the  exception  of  the  results  given  in  the  discussion  on  the 
Relation  of  the  Stresses  on  the  Two  Sides  of  the  Rail,  the  stresses 
recorded  in  the  tables  and  on  the  diagrams  represent  the  average  of 
a  large  number  of  observations.  For  a  given  speed  and  a  given  wheel 
the  results  usually  include  the  results  of  four  instruments  (each  having 
a  record  for  the  inside  edge  of  the  rail  and  for  the  outside  edge)  for 
four  runs  at  each  of  three  adjoining  locations  on  the  track,  say,  count- 

TABLE  12.— Values  of  the  Ratio  of  the  Stress  at  One  Edge 

of  the  Ease  of  Rail  to  the  Mean  of  the  Stresses  at  the  Two 

Edges.  Track  with  Cinder  Ballast. 
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ing  out  imperfect  records,  ninety  observations  in  all;  the  average  of  the 
ninety  observations  is  recorded  as  the  value  for  the  given  wheel  at  the 
given  speed.  In  the  case  of  the  tests  on  track  at  unsound  tics  and  at 
low  spots,  the  values  given  arc  the  averages  for  our  instrument,  say, 
eight  observations  in  all  for  each  wheel  at  a  given  speed.  For  the  com- 
parison of  stresses  on  the  two  sides  of  the  rail  the  values  given  are  the 
average  of  the  records  on  a  stremmatograph  disc  at  of  the  rail 

at   three  locations,  say,  12  observations  at   each  Speed  ami  48  observations 
for  all  speeds.     It  is  evident  that  the  individual  observations  will 
from   the   average   result   reported.     Part    of    this    variation    will    he   due 
to  errors  in  observation  and  part  will   represenl   actual  variation  in  the 
es  in  the  rail. 
Variations  in  the  actual  stress  in   the   rail   under  nominally  the   same 
conditions  may  be  due  i<>  difference:   in  the  way  tin    locomotive    ■ 
and  car  wheel    an    applied  to  tin   track  in  runs  mad.    .it  different  times, 


1054 


STRESSES  IN  RAILROAD  TRACK. 


or  illustration,  that  produced  by  nosing  or  rolling  or  by  variations 
in  action  of  equalizers  and  springs;  and  they  may  be  due  to  differences 
in  the  way  the  rail  support  (ties,  ballast,  etc.,)  acts  under  changes  in 
method  of  application  of  load,  or  to  actual  difference  in  the  resisting 
action  of  the  track  support  at  two  locations  having  seemingly  the  same 
conditions. 

The  sources  of  observational  errors  are  (1)  inherent  characteristics 
in  the  design  of  the  instruments,  such  as  that  in  the  stremmatograph, 
used  in  part  of  the  1915  tests;  (2)  looseness  or  play  in  bearings,  of 
record  disc  or  somewhere  in  the  clamps;  (3)  accidental  conditions  of 
operation,  such  as  result  from  variable  jolts  or  blows  upon  the  track 
and  from  variable  inertia  effect-  in  the  instrument,  and  (4)  errors  in 
reading  the  record. 


SPEED-STRESS  DIAGRAM  FOR  EACH  EDGE  OF  BASE  OF  RAIL 
MOVING-LOAD  TESTS, ON  ILLINOIS  CENTRAL  RAILROAD  WITH  MIKADO  LOCOMOTIVE. 
TRACK  WITH  CINDER  BALLAST. 
Mikado  (2*2) 


M.M.b'15     6'Cinde 


Ballad 


Stress,  in  Pounds  i>er  Square  Inch. 
s  under  Wheels. 


Fig.  140. 


The  first  mentioned  source  may  give  errors  which  are  proportional 
to  the  stress,  or  nearly  so.  This  sort  of  instrumental  error  was  found 
in  the  stremmatograph  used  in  part  of  the  1915  tests.  It  is  believed 
that  the  design  of  the  later  instruments  avoided  errors  of  this  sort  of 
any  magnitude.  The  second  source  of  instrumental  error  gives  variable 
accidental  conditions  in  the  use  of  the  instrument.  In  the  stremmato- 
graph  used,  the  presence  of  this  condition  when  sufficient  in  amount 
could  be  detected  by  an  examination  of  the  record  in  the  field  and  the 
instrument  adjusted.     Usually   a   variation   in    the   action   of   the 

instrument  equivalent  to  a  stress  of  600  lbs.  per  sq.  in.  could  be  detected. 
When  it  was  seen  that  the  variation  amounted  to  more  than  1000  lbs. 
i.  in.  the  observation  in  question  was  discarded.  For  variations 
between  these  tu<>  general  limits  the  observation  was  used  and  an  allow- 
anc(  mad<  ,  ami  the  error  from  this  source  may  not  be  expected  to 
reach  more  than  600  lbs.  per  sq.  in.   for  an  individual  observation.     The 
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variations  from  the  third  source,  accidental  conditions,  frequently  could 
be  told  from  the  characteristics  of  the  record.  When  such  a  variation 
was  marked,  the  observation  was  discarded.  Notwithstanding  this,  there 
must  exist  in  the  results  obtained  from  the  records  many  variations 
which  are  due  to  accidental  instrumental  errors.  Of  the  fourth  source, 
that  of  reading  the  record,  it  has  already  been  stated  that  in  the  early 
part  of  the  work  the  average  variation  of  the  readings  of  the  records 
made  by  either  of  two  observers  from  the  average  reading  of  the  two 
was  400  lbs.  per  sq.  in.,  and  that  with  later  experience  it  is  believed  that 

TABLE  13.—  Values  of  the  Ratio  of  the  Stress  at  One  Edge 
of  the  Ua^e  of  Rail  to  the  Mean  of  the  Stresses  at  the  Two 
Edges  for  a  Single  Run  on  a  Prepared  Test  Section  of  Track. 
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o  £    o 
to  S 

I    o 

5  a 

8u  Lb.  Kail. 
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-1.01 

-1.16 

-1.03 

-1.13 

-1.14 

3 

-1.20 

-1.13 

l.or 

1.00 

1.17 

1.15 

-1.05 

1.23 

1.12 

-1.C5 

4 

1.20 

1.06 

1.10 

1.23 

1.18 

1.73 

1.11 

1.00 

1.31 

1.00 

there  are  very  few  readings  in  error  more  than  700  lbs.  per  sq.  in.  It 
may  be  noted  that  except  for  the  first  source  the  errors  are  as  likely 
to  be  positive  as  to  be  negative  and  that  except  for  the  accidental  instru- 
mental errors  they  are  largely  independent  of  the  magnitude  of  the 
,  i.  e.,  they  are  not  greater  for  large  stresses  than  for  small  ones. 
For  the  study  of  the  variations  a  number  of  sets  of  test  results 
were  chosen  at  random.  These  included  tests  made  with  85-lb.  rail, 
100-lb.  rail  and  125-lb.  rail  at  the  several  speeds  used,  for  each  edge 
of  base  of  rail  and  for  the  mean  of  the  two  edges.  Diagrams  were 
plotted  for  each  set  to  show  the  relation  between  the  magnitude  of  the 
variation  from  tin;  mean  and  the  number  of  observations.  Fig.  141 
shows  one  of  these.  The  horizontal  scale  gives  the  variation  from  the 
average  value  of  all  the  observations  in  pi  i  the  avera 

The  vertical  scale  gives  the  number  of  observations  having  a   variation 
from    the    average    value    as  or    greater    than    the    variation    in 

question.     At  two  points  on  these  diagrams  such  a-  A  and  B,  a  rather 
marked    change   in    slope   or    break    in    the    curve    was    found.      While    the 
,1   diagram-  differed   iomewhal   in   the  variation   indicated  at   these 
characteristic    points,    thi  of    tin     points    did    •  much 

from  a  little  less  than   ;i  the  number  of  observations,  and 

tide  of  the   variation   at  these  point-   was   ±   -; 
cent    of   the  a  (  >u1  id<    i  >    th<   e    points    the   numh 

corresponding    to   thi  Her,    but    there 

cvcral    values  at   01    I"  yond         :|>   p<  rouped   in 

in  b  .i    .■, ,  eem   well     ubstantiated.     Beyond  these  the  observa- 
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tions  were  few  and  very  irregularly  placed.  It  may  be  stated,  then, 
that  in  the  sets  studied  10  per  cent,  of  the  observations  gave  variations 
from  the  average  stress  of  as  much  as  ±  38  per  cent,  of  the  average 
stress  and  that  always  there  were  seemingly  well-substantiated  variations 
as  great  as  ±  50  per  cent. 

In  the  several  sets  of  results  studied  the  mean  variation  of  the 
individual  observations  from  the  average  stress  did  not  differ  much ; 
it  averaged  ±  22  per  cent.  Similarly  the  probable  error  of  a  single  obser- 
vation calculated  by  the  theory  of  errors  was  nearly  the  same  in  all 
the  sets,  averaging  ±  18  per  cent.  The  diagrams,  such  as  that  in  Fig. 
141,  are  very  similar  in  form  to  the  curve  of  the  probability  integral, 
as  they  may  be  expected  to  be  both  because  the  errors  of  observation 
will  follow  the  laws  of  chance  and  because  the  causes  which  produce 
variable  stresses  in  the  rail  may  also  be  expected  to  follow  the  laws  of 
chance  in  the  frequency  of  their  application.  The  different  sets  of 
results  which  were  studied  had  common  characteristics ;  the  variations 
at  the  line  of  10  per  cent,  of  number  of  observations   (±  38  per  cent.), 

NUMBER  OF  OBSERVATIONS 

HAVING  A  VARIATION   FROM  THE  AVERAGE  OF  ALL  THE  OBSERVATIONS 

AS  GREAT  AS,  OR  GREATER  THAN.  ANY  GIVEN    VARIATION. 
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Fig.  141. 


the  values  of  the  mean  variation  from  average  stress,  and  the  probable 
error  differed  little  in  the  several  sets.  They  were  about  the  same  at 
all  speeds,  for  all  wheels,  and  for  both  edges  of  the  rail.  This  is  all 
characteristic  of  accidental  differences. 

A  consideration  of  the  source  and  probable  amount  of  the  obser- 
vational errors  leads  to  the  view  that  in  90  per  cent,  of  the  observations 
the  error  of  a  single  observation  will  be  less  than  15  per  cent,  of  the 
observed  stress,  and,  of  course,  generally  much  less  than  this.  This 
estimate  takes  into  account  both  the  observational  errors  that  are  inde- 
pendent of  the  magnitude  of  the  stress  and  those  that  may  be  propor- 
tional   to   it;    this   limit   of   error   may  be   somewhat  too   small    for  low 
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stresses,  such  as  5,000  to  10,000  lbs.  per  sq.  in.,  and  somewhat  too  large 
for  high  stresses. 

If,  then,  it  be  assumed  that  the  error  of  observation  for  the  ob- 
served stress  at  which  there  are  10  per  cent,  of  the  observations  giving 
greater  variation  (B,  in  Fig.  141)  is  ±  15  per  cent.,  and  the  variation 
of  this  observed  stress  from  the  average  stress  is  taken  as  ±  38  per  cent., 
it  will  be  seen  that  the  actual  value  of  the  stress  in  the  rail  which  was 
observed  as   1  -f-  38  per  cent,  may  be  as  small   as   1.38  X  average  stress, 

U5 
or  20  per  cent,  more  than  the  average  stress;  and,  of  course,  it  might  be 
as  large  as  1.38  X  average  stress,  or  62  per  cent,  more  than  the  .average 

T5 
stress.  Similarly,  for  an  observed  stress  50  per  cent,  greater  than  the 
average  stress,  assuming  that  the  limit  of  error  of  observation  is 
±  20  per  cent.,  the  actual  stress  in  the  rail  may  be  as  small  as  25  per 
cent,  more  than  the  average  stress.  It  may  be  asserted,  then,  that  for 
nominally  the  same  conditions  of  track  and  of  load  values  of  the  stress 
in  the  rail  20  per  cent,  greater  than  the  averages  reported  in  the  dia- 
grams and  tables,  or  even  25  per  cent,  greater,  may  be  expected  not 
infrequently,  and  of  course  by  the  theory  of  chance  the  probabilities 
are  that  these  values  may  be  exceeded  considerably.  In  any  effort  to 
determine  the  maximum  stress  which  may  be  developed  in  a  rail  this 
excess  of  the  individual  values  of  the  stress  over  the  value  obtained 
by  averaging  results  must  be  taken  into  account. 

55.  Method  of  Estimating  Maximum  Flexural  Stress  in  Rail  for 
Given  Conditions  of  Track  and  Loading. — What  maximum  flexural 
stress  may  be  developed  in  a  rail  under  given  conditions  of  track  and 
loading  is  a  matter  of  considerable  interest.  In  making  an  estimate  of 
the  maximum  stress  it  will  be  well  to  start  with  the  average  stress 
which  may  be  expected  at  low  speeds  for  the  best  conditions  of  track 
and  introduce  a  series  of  factors  covering  the  several  sources  of  in- 
crease or  variation  from  average  stress  at  low  speeds.  Such  an  equation 
for  flexural  stress  in  the  rail  is 


/  =  /,(!  +  „)         (1  +  &)         (l  +  O        (1  +  rf)' 


J  I 


condition 

of  track 
factor 


varia- 
bility 
factor 


average  ]  f   speed   1   f    lateral 
stress  at  factor  bending 

5  m.  p.  h.  factor 

These  factors  have  already  been  discussed  to  some  extent  The  aver- 
age stress  at  5  miles  per  hour  would  depend  upon  the  li  load- 
ing and  upon  the  nature  of  the  track  (rail,  tics,  ballast,  etc.).  For  the 
"condition  of  track  factor"  the  i  i'"K  defective  ties, 
and  other  imperfect  conditions  musl  be  considered,  and  even  on  fairly 
Well-kepi  track  this  factor  will  need  consideration.  The  Committee  plans 
to  discuss  the  magnitude  of  maximum  stress  Eor  various  conditions  of 
track  and  loading  In  another  report     It   is  evident   that   the  maximum 
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which  may  be  developed  in  the  rail  under  usual  conditions  of 
track  and  traffic  may  be  much  higher  than  the  average  stresses  found 
for  best  track  at  low  speeds,  and  that  speed  factor,  lateral  bending 
factor,  condition  of  track  factor,  and  variability  [actor  should  be  recog- 
nized in  making  an  estimate  of  the  maximum  stress  to  which  the  rail 
will  be  subjected. 

56.  The  Test  Work  on  Tics,  Ballast  and  Roadway. — Considerable 
progress  has  been  made  in  the  experimental  study  of  the  action  of 
ballast  and  roadway.  Tests  on  track  ha,ve  included  the  measurements 
of  the  amount  of  depression  produced  under  load  at  various  points 
below  the  tie  and  across  and  along  the  track  and  roadway.  The  meas- 
urement of  pressure  in  ballast  by  means  of  the  pressure  capsule  has 
inti  resting   data.     Information   has    also   been    obtained    with    the 

ding  pressure  capsules.  Measurement  of  the  flexure  of  the  tie 
has  been  made.  Before  completing  tests  on  this  part  of  the  problem 
it  was  deemed  wise  to  await  the  results  of  laboratory  tests  to  determine 
the    principles    governing    the    distribution    of    pressure    through    ballast 

Mai,  since  this  information  would  guide  the  extension  of  the  tests 
and  be  useful  in  interpreting  the  data  obtained. 

The  laboratory  tests  on  transmission  of  pressure  through  ballast 
material  have  advantages  over  tests  made  in  the  field  in  that  the  condi- 
tions may  be  controlled  more  definitely  and  exactly  and  the  tests  re- 
peated under  identical  conditions.  In  the  experiments  several  ties  are 
spaced  as  usual  over  a  given  depth  of  ballast  and  loads  are  applied  on 
the  rails.  By  having  a  number  of  pressure  capsules  inserted  in  the 
ballast  at  the  different  depths  and  positions  at  which  the  measurement 
of  pressure  is  desired  and  then  changing  tie  spacing  and  other  variables, 
information  bearing  on  the  problem  is  obtained.  Tests  have  been  made 
with  broken  stone,  gravel  and  sand  as  ballast  material.  Advantage  has 
been  taken  of  information  and  experience  gained  in  tests  on  the  trans- 
mission of  pressure  through  granular  material  previously  carried  on  in 
the  laboratory.  It  seems  evident  from  the  experimental  data  obtained 
that  quite  definite  laws  govern  the  transmission  and  distribution  of 
pressure  through  ballast  materials  and  that  these  principles  have  a 
very  direct  bearing  upon  the  effectiveness  of  different  depths  of  ballast 
and  different  conditions  of  ties  and  tie  spacing.  The  results  of  the  in- 
vestigation on  tics,  ballast  and  roadway  will  be  presented  in  another 
r<  port. 

Respectfully  submitted, 

The  Special  Committee  on  Stresses  in  Track. 


REPORT   OF    COMMITTEE   XVII— ON  WOOD 
PRESERVATION. 

Earl  Stimson,  Chairman;  C.  M.  Taylor,  Vice-Chairman; 

F.  J.  Angier,  J.  E.  Johnson, 

F.  C.  L.  Bond  (in  Military  Service), George  E.  Rex, 

E.  H.  Bowser,  H.  Stephens  (in  Military  Service), 

J.  F.  Burns,  E.  A.  Sterling, 

W.  A.  Fisher,  Lowry  Smith, 

C.  F.  Ford,  O.  C.  Steinmayer, 

C.  J.  Graff,  C.  H.  Teesdale, 

R.  H.  Howard,  Dr.  Hermann  vox  Schrexk, 

C  H.  R.  Howe,  J.   H.   Waterman, 

Committee. 

To   the  American  Raihvay  Engineering  Association: 

The  following'  subjects  were  assigned  by  the  Board  of  Direction  to 
your  Committee  for  study: 

(1)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes,  with  especial  refer- 
i  in :e  to  the  subject-matter  of  "Water  in  Creosote."  Special  attention  is 
also  called  to  the  necessity  for  revision  of  the  arrangement  of  the 
specifications  and  statements. 

(2)  Report  on  the  compilation  of  service  test  records  and  extend 
them  to  include  treated  timbers  in  bridges,  docks  and  wharves.  Include 
also  a  critical  study  of  the  records  of  service  given  by  the  zinc-chloride 
treatment  and  state  definitely  the  results  which  may  be  obtained  from 
that  treatment. 

(3)  Report  on  the  merits  of  water  gas  tar  as  a  preservative,  taking 
samples  of  the  preservative  from  timbers  which  have  been  in  service,  in 
order  to  determine  its  quality. 

(4)  Co-operate  with  similar  committees  of  other  associations  with 
the  object  of  obtaining  uniformity  in  practice  and  specifications,  and 
report  thereon. 

Three  meetings  of  the  Committee  were  called  as  follows:  The  firsl 
on  June  21,  1917,  at  Atlantic  City,  those  present  being  C.  M.  Taylor, 
Vice-Chairman ;  E.  H.  Bowser,  W.  A.  Fisher,  C,  J,  GrafF,  E.  M.  Rhodes 
<  r<  presenting  E.  Stimson).  The  second  on  October  19,  1917,  at  the  As- 
sociation  rooms,  Chicago,  those  present  being  C.  M  raylor,  Vic<  Chair- 
man; F.  J.  Angier,  E.  II  Bowser,  R.  II.  Howard,  George  I  Rex,  E.  A. 
Sterling,  O.  C.  Steinmayer,  C.  H.  Teesdale,  E,  M.  Rhodes  (representing 
I".  Stimson).  The  third  on  January  21,  I5l8,  at  the  Association  I 
Chicago.     Meeting    was    nol    held   on   account   of   light   attendance,   and 

ciation  rooms  closed  by  "Hcatlcss  Day"  order. 

your   Committee    reports   progress    on    th<     subjects    assigned      Bui 
little   work  was   accomplished   during   the   year,   as    the   members 
widely   scattered   and   busily   engaged   with    their   regular   work,   which   the 

1059 


1060  WOOD    PRESERVATION. 

war  conditions  have  made  increasingly  exacting.  The  work  of  tKe  Com- 
mittee is  now  of  such  a  nature  that  it  requires  laborious  experimental 
and  research  work  and  subsequent  study  to  arrive  at  conclusions,  all 
of  which  must  be  done  by  the  individual  effort  of  the  members,  so  that 
under  conditions  such  as  prevailed  during  the  past  year  but  little  can 
be  accomplished. 

There  is  offered  as  Appendix  "A"  to  this  report  an  interesting  paper 
entitled,  "Some  Experiments  Upon  the  Relative  Penetration  in  Red  Oak 
Cross-Ties  of  Lighter  and  Heavier  Creosote  Oils,"  by  W.  H.  Courtenay, 
Chief  Engineer  of  the  Louisville  &  Nashville  Railroad.  While  the  Com- 
mittee does  not  fully  endorse  its  conclusions,  the  value  of  the  paper  is 
recognized,  and  it  is  submitted  for  the  information  of  the  Association. 

It  is  the  recommendation  of  the  Committee  that  the  program  as- 
signed for  this  year  be  continued  the  coming  year. 

OUTLINE  OF  WORK  FOR  1918. 

The  Committee  recommends  a  continuation  of  the  study  of  sub- 
jects assigned  for  1917,  as  follows: 

(1)  Make  critical  examination  of  the  subject-matter  in  the  Man- 
ual, and  submit  definite  recommendations  for  changes,  with  especial  ref- 
erence to  the  subject-matter  of  "Water  in  Creosote."  Special  attention 
is  also  called  to  the  necessity  for  revision  of  the  arrangement  of  the 
specifications  and  statements. 

(2)  Report  on  the  compilation  of  service  test  records  and  extend 
them  to  include  treated  timbers  in  bridges,  docks  and  wharves.  Include 
also  a  critical  study  of  the  records  of  service  given  by  the  zinc-chloride 
treatment  and  state  definitely  the  results  which  may  be  obtained  from 
that  treatment. 

(3)  Report  on  the  merits  of  water  gas  tar  as  a  preservative,  tak- 
ing samples  of  the  preservative  from  timbers  which  have  been  in  service, 

*  in  order  to  determine  its  quality. 

(4)  Co-operate  with  similar  committees  of  other  associations  with 
the  object  of  obtaining  uniformity  in  practice  and  specifications,  and 
report  thereon. 

In  addition  report  on : 

(1)  The  Preservative  Treatment  of  Douglas  Fir. 

(2)  Indicators  for  determining  penetration  of  the  preservative  in 
freshly  Burnettized  ties  and  timbers. 

Respectfully  submitted, 

The  Committee  on  Wood  Preservation. 
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SOME  EXPERIMENTS   UPON   THE  RELATIVE  PENETRATION 

IN  RED  OAK  CROSS-TIES  OF  LIGHTER  AND  HEAVIER 

CREOSOTE  OILS. 

By  W.  H.  Courtenay,  Chief  Engineer,  Louisville  &  Nashville  Railroad. 

The  specifications  of  the  Louisville  &  Nashville  Railroad  Company 
for  creosote  oil  for  use  in  treating  cross-ties,  piles,  and  bridge  timbers, 
are  as  follows : 

"The  oil  must  be  the  best  obtainable  gracbp  of  coal  tar  creosote;  it 
must  be  a  pure  product  of  coal  tar  distillation,  and  must  be  free  from 
admixture  of  oils,  other  tar  or  substances  foreign  to  a  pure  coal  tar;  it 
must  be  completely  liquid  at  38  degrees  C.  and  must  be  free  from  sus- 
pended matter;  the  specific  gravity  of  the  oil  at  38  degrees  C.  must  be 
at  least  1.03.  When  distilled  according  to  the  method  recommended  by 
Committee  D-7,  American  Society  for  Testing  Materials,  1915,  Proceed- 
ings, using  an  8-ounce  retort,  asbestos  covered,  with  standard  thermom- 
eter, bulb  J/2  inch  above  the  surface  of  the  oil,  the  creosote  calculated  on 
the  basis  of  the  dry  oil  shall  not.  give  more  than  a  total  distillate  of  5 
per  cent,  at  210  degrees  C.  The  distillate  between  210  and  235  shall  not 
be  less  than  10  per  cent,  nor  more  than  20  per  cent.  The  portion  of  oil 
distilling  above  270  C.  must  be  at  least  25  per  cent,  and  not  less  than  10 
per  cent,  shall  distill  above  315  C.  The  residue  above  355  C.  must  not 
exceed  40  per  cent.  The  residue  to  be  determined  by  weighing  contents 
of  retort  after  distillation.  The  residue  above  355  C,  if  it  exceeds  5  per 
cent.,  must  be  soft.  For  the  purpose  of  examining  the  residue  the  con- 
tents of  the  retort  must  be  allowed  to  remain  a  sufficient  time  before 
pouring  out  so  that  there  will  not  be  an  excessive  loss  by  evaporation. 
The  oil  shall  not  contain  more  than  2  per  cent,  of  water." 

In  a  conference  held  in  the  offices  of  the  Railroad  Company  on  May 
21,  1917,  with  Messrs.  S.  R.  Church  and  Stanley  Woodward,  of  the  Bar- 
rett Company,  and  John  B.  Lindsey  and  the  writer,  representing  the  Rail- 
road Company,  the  shortage  of  oil  was  discussed  generally  and  it  was 
then  claimed  that  if  the  above  specifications  were  changed  a  greater 
quantity  of  oil  could  be  furnished. 

The  changes  suggested  by  the  manufacturer's  representatives  were 
the  following: 

That  the  words  "The  distillate  between  210  and  235  shall  not  be  less 
than  10  per  cent,  nor  more  than  20  per  cent."  should  be  changed  so  as  to 
read  "The  distillate  between  210  and  235  shall  not  be  less  than  8  per  cent, 
nor  more  than  20  per  cent." 

That  the  sentence  reading  "The  residue  above  335  < '.  must  nol  i 
•10  per  'int.,"  should  be  changed  so  as  to  read  "The  residue  above  355  C. 
must  not  exceed  50  per  cent." 

The  Railroad  Company  was  averse  to  making  the  changes  in  the 
specifications  without  some  t<  mule  in  order  t.>  ascertain  what 

difference,  if  any,  there  would  he  in  tln^  penetration  .>f  the  heavier 
sote  oil  in  red  oak  ties  from  the  penetration  of  the  lighter  oil.     It  waa 
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then  agreed  that  the  Barrett  Company  should  ship  to  the  Railroad  Com- 
pany's tie  treating  plant  at  Guthrie,  Ky.,  about  50,000  gallons  of  creosote 
oil  conforming  to  the  specifications  modified  in  accordance  with  the  above 
suggestions. 

It  was  agreed  further  that  the  Railroad  Company  after  treating  red 
oak  ties  with  the  50,000  gallons  of  the  heavier  oil,  would  send  samples 
of  red  oak  ties  treated  with  that  oil  to  Mr.  S.  R.  Church,  of  the  Research 
Department  of  the  Barrett  Company,  in  order  that  he  might  determine 
whether  the  change  of  the  specifications  for  the  creosote  oil  is  detri- 
mental or  beneficial  or  merely  neutral. 

He  was  requested  to  endeavor  to  ascertain  whether  there  is  any 
difference  in  the  character  of  the  oil  which  penetrates  through  the  outer 
inch,  the  second  inch  from  the  outside,  and  the  third  inch  from  the 
outside  of  the  cross-tie,  the  purpose  being  to  determine  whether  there 
is  any  separation  of  the  oil  in  its  penetration  through  these  three  zones 
and  whether  the  heavier  oil  has  the  effect  of  blocking  the  pores  of  the 
wood  in  the  outer  fibers,  preventing  the  passage  of  the  oil  to  the  fibers 
nearer  the  center  of  the  tie. 

The  following  paper  entitled  "Notes  on  the  Absorption  and  Penetra- 
tion of  Creosote  Oils  used  in  Wood  Preservation,  particularly  as  regards 
the  possible  Separation  of  the  Creosote  into  Light  and  Heavy  Portions 
due  to  a  Filtering  Action  of  the  Wood,"  was  furnished  by  Mr.  S.  R 
Church,  Manager  Tar  and  Oil  Division  of  the  Barrett  Company. 


NOTES  ON  THE  ABSORPTION  AND  PENETRATION  OF  CREO- 
SOTE OILS  USED  IN  WOOD  PRESERVATION— PARTICU- 
LARLY AS  REGARDS  THE  POSSIBLE  SEPARATION  OF  THE 
CREOSOTE  INTO  LIGHT  AND  HEAVY  PORTIONS  DUE  TO 
A  FILTERING  ACTION  OF  THE  WOOD. 

By  S.  R.  Church,  Manager,  Research  Department,  The  Barrett  Company. 

The  question  of  the  relative  penetration  of  Creosote  Oils  into  woods 
has  been  the  subject  of  considerable  discussion.  In  this  connection  it  has 
frequently  been  held  that  the  wood  itself  had  an  appreciable  filtering 
action  and  separated  the  Creosote  into  light  and  heavy  portions,  as  a 
result  of  which  only  the  lighter  portions  penetrated  to  the  interior,  the 
heavier  portions  remaining  in  the  outer  zones  and  even  interfering  mate- 
rially with  the  penetration  of  the  lighter  portions  because  of  a  "plugging" 
action  which  prevented  the  ready  passage  of  the  oil  to  the  interior  of 
the  wool.  During  May,  1917,  the  specifications  of  the  Louisville  & 
Nashville  Railroad  Company  for  Creosote  Oil  were  under  consideration. 
At  a  conference  attended  by  W.  H.  Courtenay,  Chief  Engineer,  and 
J.  B.  Lindsey.  Superintendent  of  Timber  Treating  Plants  of  the  Louis- 
ville &  Nashville  Railroad,  and  Stanley  Woodward  and  S.  R.  Church,  of 
The  Barrett  Company,  it  was  decided  that  it  would  be  of  mutual  ad- 
vantage to  treat  a  number  of  Red  Oak  Cross-ties  using  two  different 
grades  of  Creosote  Oils,  following  which  the  Creosote  would  be  ex- 
tracted from  various  parts  or  zones  of  the  ties,  and  analyzed  in  an  en- 
deavor to  ascertain  whether  there  was  any  difference  in  the  character 
of  the  oils  which  penetrated  into  the  outer  inch,  into  the  second  inch 
and  into  the  third  inch  from  the  outside.  The  description  of  these  tests 
together  with  the  results  obtained  is  the  pupose  of  these  notes. 

Treatment  of  Cross-Ties. 

Red  (  >ak  Cross-ties  were  treated  at  the  Creosoting  Plant  of  the  Louis- 
ville &  Nashville  Railroad  at  Guthrie,   Ky.,  and  the  treatment  was  in  ac- 
cordance  with   the   company's    standard    practice,   i.    e.,    by   the    Full-Cell 
tsing    approximately    eight     (8)     pounds    of    Creosote    Oil    per 
cubic   foot  of  wood. 

Creosote  Oil  Used. 

Two  prades  of  Creosote  Oils  were  used,  these  wire  numbered  Nos. 
7  and  8.  The'  difference  between  these  oils  as  shown  by  the  requirements 
of  their  specifications  is  as  follows: 

Oil  No.  7  Oil  No.  8 

Distillate  between  210  and  235°    C— not   less  than 10.0%  8.0% 

Distillate  between  210  and  235°  C— Not  more  than I  20.0' 

Residui  355     C.     not  more  than 40.0$         ?(>()', 

Complete   analysis   of    the   oils    is   given    in    the    tabulations    which    art 
appended. 

Choice  of  Tie  Sections. 

elected,  foui  of  which  had  been  treated  with  Oil  No.  7 
and  four  with  Oil  No.  8.  \  "tie-font  section  was  taken  from  each  of 
these  ties,  this  was  cut  near  the  rail  base,  hence  it  was  well  within  the 
tie    and    tli  escaped    the    full    effeel    ••:    longitudinal    penetration. 

These   eight  were    marked    for    identification    by    lettering    as    fid- 

low,;     7\.  7B,  7C,  7D.  and  x  \.  8B,  8C,  8D,  so  as  to  correspond  to  the 
7  and  8 
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Separation  of  Tie   Sections   Into  Zones. 

Side  of  Radial  Zones. — Three  zones  one  inch  in  thickness  were  taken 
from  sections  7A,  7B,  8A  and  8B.  These  zones  numbered  1,  2  and  3, 
were  cut  as  is  shown  in  the  Drawing  A.  The  two  corresponding  zones 
from  each  section  were  united  for  the  tests.  It  was  suggested  that  the 
effect  of  end-on  or  longitudinal  penetration  might  offset  the  results.  To 
overcome  this  each  succeeding  zone  was  cut  in  one  inch  from  the"  end. 

Etid-On  or  Longitudinal  Zones. — In  line  with  the  preceding  it  was 
thought  advisable  to  determine  if  possible  the  variations  in  longitudinal 
penetration,  therefore  two-inch  cuts  were  made  from  each  end  of  sec- 
tions 7C,  7D,  8C  and  8D.  See  Drawing  A.  It  was  impossible  at  the 
time  to  choose  these  cuts  so  that  the  ends  of  the  four  sections  would  be 
in  the  same  relative  position  as  regards  their  distances  from  the  actual 
tie  ends. 
Extraction  of  Creosote  from  Tie  Sections. 

Reduction  to  Sawdust. — The  blocks  of  wood  representing  the  various 
zones  from  the  tie  sections  were  reduced  to  a  coarse  sawdust  by  means 
of  a  circular  saw,  at  a  neighboring  planing  mill.  The  sawdust  was  col- 
lected by  a  suction  pipe  and  was  kept  in  tightly  covered  cans  until  ready 
for  extraction.  While  no  record  was  kept  of  the  volumes  or  weights  of 
the  blocks,  there  was  noticeably  but  little  loss  in  material  during  this 
operation. 

Extractor. — The  extractor  was  assembled  in  the  laboratory  from  such 
apparatus  as  was  available.  It  consisted  of  a  two-gallon  cylindrical  tin 
can,  a  two-liter  round-bottom  glass  distilling  flask,  and  a  water-cooled 
reflux  condensor.  The  lower  end  of  the  can  was  connected  to  the  top  of 
the  flask  by  a  piece  of  three-quarter  inch  glass  tubing,  the  upper  end  of 
this  tubing  was  connected  to  a  small  tube  which  was  bent  at  right  angles 
and  continued  to  the  top  of  the  can.  The  layer  of  the  solvent  in  the  can 
was  automatically  maintained  at  a  height  of  about  three  inches  by  means 
of  a  syphon  made  from  glass  tubing  bent  in  the  form  of  a  "U."  This 
was  sealed  into  the  glass  tubing  which  connected  the  bottom  of  the  can 
with  the  flask  and  which  continuing  under  the  surface  of  the  Benzol  in 
the  flask  served  as  the  lead  for  the  extracted  material  from  the  can  to 
the  flask.  (See  photo.)  In  operation  the  sawdust  was  placed  in  a  cloth 
bag  and  then  put  into  the  can.  Benzol  was  placed  in  the  flask,  the  tube 
connections  were  made  tight  and  the  operation  carried  on  over  a  steam 
bath,  the  condenser  worked  very  well  and  but  little  of  the  Benzol  was 
lost  by  evaporation.  In  general  around  2,000  grams  of  sawdust  were 
used,  and  the  operation  continued  until  the  syphoned  extract  flowed 
colorless.    This  required  from  four  up  to  ten  or  twelve  hours. 

Recovery  of  Creosote  Oil. — The  extract  was  placed  upon  a  steani 
bath  and  the  Benzol  evaporated,  the  last  traces  were  removed  by  direct 
heat.  In  all  cases  there  was  a  sudden  break  in  the  distillation  at  about 
120  degrees  C.  with  but  a  very  slight  discoloration  of  the  Benzol  distil- 
late.    The  oil  recovered  was  weighed  and  then  analyzed. 

Determination  of  Water  in  Creosote  Wood. 

The  extracted  wood  was  spread  out  in  pans  and  then  weighed. 
These  weights  were  found  to  differ  from  the  original  weight  of  the  creo- 
s'oted  wood  less  the  recovered  oil,  by  from  10  to  20  per  cent,  water.  De- 
terminations on  this  extracted  sawdust  were  unsatisfactory ;  it  was  there- 
fore decided  to  determine  the  original  water  content  of  the  sawdust. 
This  was  done  by  placing  200  grams  of  the  original  sawdust  in  a  copper 
still  with  a  Xylol  which  had  a  boiling  point  of  from  135  to  145  degrees 
C.  The  distillation  was  carried  on  until  no  further  water  came  over 
under  a  temperature  of  140  degrees  C. 
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Solvent  Action  of  Benzol   Upon   Materials  Other  Than  Creosote  in  the 
Sawdust. 

It  was  desided  to  determine  if  there  was  any  appreciable  result  due 
to  the  solvent  action  of  the  Benzol  upon  constituents  of  the  wood  other 
than  the  Creosote  Oil  with  which  they  were  treated.  Sections  of  un- 
creosoted  Red  Oak  ties  were  taken  and  reduced  to  sawdust;  this  saw- 
dust  was   then   extracted   in   the   same  manner   as    was    followed   in   the 

e  work.     The  results  obtained  were  as  follov 

Sample  No.  1  Sample  No.  2 

Original   Wood    935  grams  —  100.0%  830  grams  —  100.0% 

Water  Content    140      "      —    15.0%  119      "      —    14.2% 

\Y<  m  ,d    Pulp    789      "       —    S4.4%  705       "      —   85.0% 

Dry  Extract  4      "      —     0.4',  4      -      —     0.5% 

Loss     2      "      -  -     0.2' ;  3       "      —     0.3% 

The  dry  extract  was  brown  in  color  and  of  a  waxy. consistency.  These 
tests  indicate  that  while  there  is  a  small  amount  of  material  extracted 
from  the  wood  by  the  benzol,  that  this  should  not  have  any  material 
action  upon  the  general  results  of  the  experiments  in  hand. 

Results. 

Previous  to  cutting  the  sections  of  the  cross-ties  into  zones,  they 
were  inspected.  The  surfaces  of  all  were  found  to  be  reasonably  clean 
and  dry  and  there  was  no  visible  evidence  of  material  such  as  free 
carbon  to  indicate  that  the  oils  had  been  separated  into  different  por- 
tions by  any  filtering  action  of  the  wood.  It  was  noted,  however,  that 
the  sections  treated  with  the  heavier  creosote,  that  is  with  No.  8  Oil, 
were  all  darker  in  color  than  those  treated  with  the  No.   7  Oil. 

The  results  of  the  tests  are  tabulated  in  Tables  I  and  II.  Curves 
for  the  Retort  Distillations  are  given  in  Tables  III  and  IV,  these  curves 
when  plotted  direct  were  rather  confusing,  because  they  were  superim- 
posed upon  each  other ;  as  here  plotted  a  sliding  scale  was  used  for  the 
percentages  of  distillation  with  the  rsult  that  the  curves  appear  separate 
and  distinct  and  tend  to  a  clearer  presentation. 

Discussion  of   Results. 

Quantity  of  Creosote  Absorbed  by  the  Various  Zones. — The  outer 
zones  of  the  sections  contain  appreciably  more  oil  than  the  inner  zones, 
which  was  naturally  to  be  expected.  However  the  difference  between 
the  absorptions  for  the  outer  and  inner  zones  is  decidedly  less  with  the 
Creosote  No.  8  than  with  the  Creosote  No.  7.  This  more  favorable  result 
with  the  heavier  oil  is  rather  unexper,  urning,   however,  that  all 

the  treatments  at  the  creosoting  plant  were  carried  on  in  exactly  the  same 
manner,  then  the  conclusion  is  reached  that  the  ties  chosen  from  the 
treatments  with  the  No.  8  Oil  were  more  readily  treated,  because  of 
better  seasoning  or  because  they  contained  a  larger  proportion  of  sap- 
wood,  or  else  the  Creosote  No.  8,  for  some  reason  that  remains  obscure, 
is  the  better  oil  as  regards  penetration  and  absorption. 

Quality  of  Creosote  Oils  in  the  Various  Zones. — The  quality  of  the 
oil  extracted  from  the  different  sections  is  shown  by  the  analyses  as 
given  in  Tables  I  and  II.  From  these  results  it  is  apparent  that  there 
are  no  consistent  differences  which  would  indicate  changes  in  the  qual- 
ity of  the  oil  due  to  any  filtering  action  by  the  wood  or  to  any  other 
decided  causes.  Small  differences  do  exist,  but  these  can  in  general  be 
accounted  for  by  the  unavoidable  errors  due  to  manipulations  in  analytical 
work.  The  results  show  that  for  the  same  oil  there  are  no  appreciable 
differences   as  taken   from   different   parts   or   zones   of  the   treated    sec- 
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tions.  There  is,  however,  a  slight  difference  between  the  original  oils  and 
the  extracted  oils,  the  latter  show  an  average  increase  in  residue  above 
355  degrees  C.  of  about  4.0  per  cent,  with  a  slight  increase  in  its  float 
test;  there  is  also  a  slight  increase  in  the  specific  gravity  and  the  coke 
test.  These  variations  between  the  original  and  the  extracted  oils  are 
due  possibly  to  a  cracking  or  carbonization  action  brought  about  by  the 
continued  heating  of  the  oils  during  the  process  of  extraction.  The 
effect  of  this  continued  heating  under  the  conditions  of  the  present  tests 
a  as  not  determined. 

Conclusions. 

Since  the  Red  Oak  cross-ties' treated  with  Creosote  Oil  No.  8  showed 
appreciably  bitter  absorption  and  penetration  in  the  various  zones  ex- 
amined than  did  those  treated  with  Creosote  Oil  No.  7,  it  is  evident  that 
(lie  heavier  oil  does  not,  under  the  conditions  described,  present  any  new 
treating  problems.  With  due  consideration  to  the  limitation  of  the  present 
work  the  results  warrant  the  statement  that  there  is  no  appreciable  dif- 
ference in  the  character  of  the  creosote  oils  extracted  from  the  outer 
inch,  from  the  second  inch  or  from  the  third  inch  zones  of  the  creosoted 
red  oak  cross-ties.  This  statement  holds  for  both  Creosote  Oils  Nos. 
7  and  8,  and  therefore  leads  to  the  conclusion  that  there  is  no  measurable 
filtering  action  by  the  wood  upon  cither  of  the  two  oils  considered. 

As  the  treatment  of  the  tics  with  the  No.  7  oil  and  with  the  No.  8 
oil,  referred  to  in  Mr.  Church's  notes,  was  done  under  the  supervision 
of  Mr.  John  B.  Lindsey,  Superintendent  of  Timber  Treating  Plants, 
Louisville  &  Nashville  Railroad  Company,  Mr.  Church's  notes  were 
referred  to  Mr.  Lindsey  for  comments  and  any  criticisms  which  he 
might  have  to  make. 

The  following  discussion  of  Mr.  Church's  report  was  prepared  by 
Mr.  Lindsey, 
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DISCUSSION  OF  TESTS  MADE  BY  THE  BARRETT  COMPANY 
TO  DETERMINE  THE  ABSORPTION  AND  PENETRATION 
OF  TWO  GRADES  OF  CREOSOTE  OIL  IN  RED  OAK  CROSS- 
TIES. 

Ties  Used  in  Tests. 

Red  oak  and  black  oak  ties  were  selected  for  the  tests  for  the  reason 
that  all  seasoned  ties  the  Railroad  Company  had  in  stock  to  treat  in  1917 
were  of  these  species.  These  tics  had  been  air-seasoned  approximately 
9  months  at  the  tie  plant  yard  at  Guthrie,  Ky.,  before  treatment. 

Treatment. 

Approximately  700  —  7"  X  9"  X  8' 6"  ties  were  qreosoted  with  8  lbs. 
per  cubic  foot  full  cell  in  one  of  the  plant  cylinders  with  No.  7  oil  and 
the  same  number  of  ties  were  similarly  treated  in  the  other  cylinder 
with  No.  8  oil.     Record  of  treatment  of  these  ties  follows : 

Treatment  with  No.  7  Oil.  Treatment  with  No.  8  Oil. 

2  Hours  steaming,  15  lbs.  pressure  2  Hours  Steam,  15  lbs.  pressure 
1   Hour  low  vacuum  1   Hour  low  vacuum 

3  Hours  oil  pressure,  140  lbs.  3l/2  Hours  oil  pressure,  135  lbs. 
180°  F.  temperature  of  oil  180°  F.  temperature  of  oil 

3.43  gals,  of  oil  per  tie  injected  3.39  gals,  oil  per  tie  injected 

It  will  be  noted  it  took  30  minutes  longer  to  make  the  oil  injection 
with  the  heavy  No.  8  oil  than  with  No.  7  oil.  This  may  have  been  din 
partly  to  difference  in  seasoning  of  the  two  charges  of  tics. 

Seven  ties  were  selected  from  the  two  cylinder  charges  for  the  tests, 
three  ties  treated  with  No.  7  oil  and  four  ties  treated  with  No.  8  oil. 
Fourteen  one-foot  sections  were  cut  from  these  ties,  each  section  be- 
ginning 18  inches  from  end  of  tie.  Four  sections  treated  with  No.  7  oil 
and  the  same  number  treated  with  No.  8  oil  were  selected  from  the  four- 
teen sections,  the  sections  selected  being  those  where  there  was  a  satis- 
factory oil  penetration  at  least  three  inches  from  the  surface  of  tie. 

Object  of  Tests. 

The  Railroad  Company  wished  to  determine  if  the  heavier  oil,  No.  8, 
would  penetrate  red  oak  Satisfactorily  and  to  make  comparison  with 
penetration  of  oil  in  ties  treated  with  No.  7  oil.  Also  to  determine  if  the 
wood  filter  had  any  filtering  effect  on  the  oil  resulting  in  the  oil  near  the 
surface  being  heavier  than   the   oil   injected    farther   in   the   tic. 

At    the    present    time    it    is    possible    to    secure    only    heavy    gravity 
ie  oils  in  large  quantities.     The  L.  &  N.   Railroad   engin 
-idi-r    the    further    investigation   of   many   other    factors    affecting    creosote 
oil    specifications    necessar)    before    adopting    standard    oil    specifications. 

oad   timbers   have   been    treated    at    the    West    Pasc; ula    planl    <•' 

the  Louisville  &  Nashville  Railroad  sine,    1876.     Most   of  the  piling  and 
timbers   treated   thirtj    to    Forty   y<  are  still   in   a   good   sf.it 

rvation.  In  the  case  uf  piling  placed  in  the  ;all  waters  of  the  Gulf 
of  Mexico  it  has  been  Pound  necessar)  to  further  proteel  from  attacks 
of  marine  borei  low  the  water  line,  after  approxi 

.ice.    b\    terra    cotta    and    inm    piping    idled    with    sand 

The  creosote  oils  used  at   the  Wesl    Pascagoula  plant   up  to   L905  were 
principally  ity    English   oils.      According   to   the   oldest    re 

the  specific  gravity  of  these   English  oils  was 

with    onl}    -'<•    pel     cent     to    .10    per    Cent,    residue    after    distillation    | 

The  1'    S.  Department  of    Agriculture,  Bulletin  227    >n 

in;:: 
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28  gives  following  table  showing  pounds  per  cubic  foot  of  the  different 
coal  tar  fractions  it  is  necessary  to  inject  into  timber  to  preserve  timber 
from  attacks  of  fungus  Fomes  Annosus: 

Coal  tar  creosote,  Grade  C   343 

Coal  tar  creosote,  Fraction  I,  distillate  to  205  C ' 187 

( :<  .al  tar  creosote,  Fraction  II,  distillate  205  —  250  C 140 

Coal  tar  creosote,  Fraction  III,   distillate  250 — 295   C 203 

(  oal  tar  creosote,  Fraction  IV,  distillate  295  —  320  C 2.06 

Coal  tar  creosote,  Fraction  V,   residue  above  320  C 20.59 

It   therefore   appears   the   low   boiling    fractions    of   coal    tar   cre< 
are  much  more  poisonous  to  the  fungi  of  decay  than  the  higher  fractions, 
particularly  fraction  5.     On  the  other  hand  the  high  boiling  fractions  are 
less  volatile  and  hence  are  more  permanent  and  durable  in  the  timl 

Tests  begun  in  1911  by  the  lT.  S.  Forest  Service  on  a  large  number 
of  pile  sections  treated  with  the  different  fractions  of  coal  tar  creosote 
and  with  coal  tar  creosote,  placed  in  salt  water  at  Pensacola,  Pla.,  in- 
dicate that  fraction  4,  fraction  5  and  coal  tar  creosote  are  the  most 
effective  in  protecting  piling  in  salt  waters  from  marine  borers,  the 
specimens  treated  with  the  lighter  oil,  fractions  1,  2  and  3  being  badly 
attacked  by  the  borers,  especially  fractions  1  and  2. 

Comments. 

1.  On  account  of  the  small  number  of  ties  on  which  these  tests 
were  conducted  no  very  definite   results  can  be   established. 

2.  The  test  ties  of  each  oil  treatment  wire  creosoted  with  nearly 
700  other  ties.  Hence  the  ties  selected  with  at  least  three-inch  oil  pene- 
tration may  have  had  considerably  heavier  treatment  than  8  lbs.  of  oil 
per  cubic  foot. 

3.  The  difference  between  the  absorptions  in  the  outer  and  inner 
zones  being  less  with  creosote  No.  8  than  with  creosote  No.  7  is  prol>- 
ably  due  to  inequalities  in  the  treatment.  If  the  four  test  ties  with  No.  8 
oil  and  the  three  test  ties  with  No.  7  oil  had  been  treated  separately  in 
a  small  test  cylinder,  each  tie  given  only  8  lbs.  per  cubic  foot,  more 
definite  comparison  could  be  made  as  to  the  relative  penetration  of  the 
two  oils. 

As  is  well-known,  when  seven  hundred  ties  arc  treated  in  one  charge 
there  is  great  difference  in  the  oil  penetration  in  the  different  ties,  some 
ties  receiving  two  or  more  times  as  much  oil  as  some  of  the  other  ties. 

4.  As  previously  stated,  red  oak  and  black  oak  ties  were  selected 
for  the  tests  for  the  reason  that  all  ties  to  be  treated  at  the  Guthrie  Tie 
Plant  in  1917  were  of  these  species.  Red  oak  and  black  oak  being  ring 
porous  woods,  a  large  portion  of  the  oil  injection  penetrates  through  the 
ends  of  the  ties  passing  through  the  open  vessels  or  "pores."  For  this 
reason  tests  on  pine  ties  and  some  of  the  diffuse  porous  woods  like  beech 
and  gum  would  give  better  evidence  if  there  is  any  filtering  action  by  the 
wood  when  creosote  oil,  especially  heavy  oils  or  mixtures  of  oil  and  tar, 
are  injected  into  wood. 

While  the  results  of  Mr.  Church's  investigation  may  not  he  con 
elusive  mi  account  of  the  relatively  small  number  of  samples  which  were 
tested,  and  also  on  account  of  the  well-known  widely  varying  penetration 
due  to  difference  in  density  of  the  timber  in  different  ties,  they  are  of 
value  and  may  offer  suggestions  for  further  experiments  of  the  same 
general  character. 
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DISCUSSION  ON  SIGNALS  AND  INTERLOCKING. 

(For  Report,    see   pp    65-91.) 

Mr.  J.  A.  Pcabody  (Chicago  &  Northwestern): — Our  Committee 
was  assigned  ten  subjects,  of  which  we  are  giving  definite  reports  on 
four.  Instead  of  going  through  these  generally  to  start  with,  I  will 
take  each  one  individually.  First,  Revision  of  Manual,  which  will  be 
found  on  pp.  69-74.  On  page  69  a  list  of  the  changes  made  in  the  plates 
are  given,  the  first  four  being  a  revision  of  old  plates.  Plate  5  is  a  new 
one. 

I  move  you,  Mr.  President,  that  these  changes  be  adopted  and  printed 
in  the  Manual. 

(The  motion  carried.) 

Mr.  Peabody: — On  subject  (2),  "Report  on  problem  of  signaling 
and  proper  location  of  sidings  on  single-track  roads,"  we  simply  report 
progress.  I  might  say  that  we  have  made  considerable  progress  on  this 
subject,  and  were  able  to  make  our  report  to  the  Railway  Signal  Asso- 
ciation, which  will  be  reported  to  this  Association  next  year,  together 
with,  I  think,  considerable  more  information.  I  believe  from  what  our 
President  said  this  morning,  relative  to  the  sidetrack  and  passing-track 
situation,  that  you  will  find  this  of  considerable  importance.  As  we 
get  into  the  subject  it  develops  there  is  a  great  deal  in  having  not  simply 
the  proper  number  of  sidings,  but  having  those  sidings  properly  located. 

The  next  report  is  on  subject  (3),  "Report  on  specifications  adopted 
by  the  Railway  Signal  Association."  We  submit  in  Appendix  B,  on 
page  75,  as  we  have  for  the  past  two  or  three  years,  a  list  of  additional 
specifications  and  plans,  which  may  be  found  in  the  Proceedings  of  the 
Railway  Signal  Association,  and  which  will  be  of  interest  to  the  mem- 
bers of  this  Association.  I  move  that  this  list  be  printed  in  the  Manual 
as  information. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — At  the  last  convention 
we  established  a  precedent  in  this  regard,  in  the  acceptance  in  blanket 
of  the  recommendations  of  the  Railway  Signal  Association.  1  have 
the  highest  respect  for  the  work  done  by  that  association,  and  ordinarily 
our  Association  can  accept  most  of  its  conclusions  without  question 
The  Committee  on  Outline  of  Work,  of  which  T  am  a  member,  feels 
that  perhaps  there  is  not  a  representation  on  the  Signal  Committee  of 
Other  hranches  of  railway  work,  such  as  track,  bridges  buildings,  etc. 
which  arc  vitally  affected  by  the  standards  that  arc  proposed  by  the 
Railway  Signal  Association.  Such  representation  would  necessarily  have 
to  he  in  a  minority,  and  they  might  be  overruled  in  the  deliberations 
of  such  a  committee.  It  seems  to  the  Committee  on  Outline  of  Work 
that  it  would  lie  wise,  now  and  hereafter,  before  accepting  the  entire 
blanket  recommendations  of  the  Railway  Signal  Association,  that  they 
be  received  ami  submitted  to  such  a  committee  .is  may  seem  proper, 
for  the  purpose  of  criticism,  and  for  report  at  the  following  convention, 
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And  I  move  you  that  this  report  be  received  for  printing  in  Manual 
subject  to  the  criticism  of  such  committees  as  the  Committee  on  Out- 
line of  Work  may  deem  necessary. 

Mr.  Peabody : — It  hardly  seems  that  that  is  necessary,  inasmuch  as 
we  are  submitting  this  matter  as  information  to  the  members,  and 
not  to  be  adopted  as  standard  by  this  Association. 

Mr.  Lindsay: — Our  Association  does  not  adopt  standards,  but  the 
Manual  has  a  certain  prestige,  and  carries  with  it  the  approval  of  this 
Association  of  everything  that  is  printed  in  it.  I  think  we  ought  Jo 
be  very  careful  (and  I  think  the  Committee  on  Signals  ought  not  to 
object)   to  a  review  of  its  work  by  other  committees. 

Mr.  C  F.  W.  Felt  (Santa  Fe)  : — It  seems  this  work  is  not  com- 
plete until  it  has  had  the  consideration  of  the  other  committees  inter- 
ested, and  I  think  it  is  therefore  desirable  to  follow  the  course  outlined 
by  Mr.  Lindsay. 

Mr.  F.  P.  Patenall  (Baltimore  &  Ohio)  :— With  all  due  deference 
to  my  friend,  Mr.  Lindsay,  I  think  probably  there  might  be  some  details 
to  which  he  should  be  allowed  to  call  attention,  if  you  will  permit  him. 
that  would  enlighten  this  Committee  as  to  just  what  is  not  in  accordance 
with  his  ideas.  He  mentioned  the  fact  that  the  report  ought  to  be 
submitted  to  some  committee  for  criticism.  If  the  Committee  on  Signals 
and  Interlocking  is  not  a  critical  committee  in  that  direction,  I  would 
like  to  know  what  committee  is.  A  great  deal  of  our  work  is  done 
after  conference  with  the  Track  Committee  and  other  committees  of  this 
Association,  and  if  I  understand  our  Chairman  properly,  these  details 
have  all  been  taken  into  account  prior  to  the  time  this  report  was 
submitted. 

Mr.  Peabody: — It  may  clear  the  atmosphere  if  I  read  the  title  under 
which  this  appears  in  the  Manual.  It  reads:  "List  of  the  Findings, 
Conclusions,  Standards  and  Specifications  Contained  in  the  Manual  of  the 
Railway  Signal  Association."  That  does  not  in  any  way  make  respon- 
sible this  Association  for  those  findings.  It  is  simply  put  there  as  a 
convenience  for  the  members  of  this  Association  in  finding  this  infor- 
mation. 

Mr.  Lindsay: — Then,  if  we  are  to  take  that  attitude,  that  the  word 
of  the  Railway  Signal  Association  is  the  last  word  on  signal  appliances 
of  all  kinds,  we  might  as  well  not  have  any  Signal  Committee.  If  we 
do  not  endorse  those  things  in  toto,  then  the  Railway  Signal  Associa- 
tion is  the  organization  to  which  everybody  must  look  for  standards. 
We  must  correlate  their  work  with  that  of  the  other  committees,  and 
they  ought  to  have  no  objection  to  collaborating  with  the  other  com- 
mittees, either  during  the  progress  and  formation  of  their  report,  or 
subsequent  to  it,  as  I  have  suggested,  and  it  seems  to  me  the  latter  is 
the  easier  way,  rather  than  to  instruct  the  Committee  to  collaborate 
with  these  various  committees  on  any  details  affecting  the  work  of  \h<><c 
other  committees. 

Mr.    Peabodv :— I    would    like   to    ask    if    the   members    of    the   Com- 
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mittee  on  Bridges  of  this  Association,  who  may  be  members  of  the 
American  Railway  Bridge  and  Building  Association,  and  who  bring  to 
their  Committee  certain  standards  adopted  by  that  association,  feel  in 
duty  bound  that  they  must  first  get  instructions  that  they  may  do  so. 
This  Signal  Committee,  as  you  know,  is  composed  of  members  who  are 
also  members  of  the  Railway  Signal  Association,  and  we  are  bringing 
to  this  Association,  by  this  means,  a  large  amount  of  material  that  we 
ourselves  have  not  worked  up  as  a  Committee,  but  has  been  worked 
up  by  the  Railway  Signal  Association. 

Mr.  Lindsay: — The  other  committees  bring  their  results  here  in 
detail  and  show  them  to  us  and  we  have  an  opportunity  to  study  them, 
but  the  Signal  Association  brings  them  here  merely  by  title.  We  have 
never  seen  these  drawings.  We  have  never  read  any  of  the  descrip- 
tions of  these  signals,  and  how  can  we  pass  intelligently  on  them  and 
insert  them  in  our  Manual,  and  say  that  they  have  no  effect  on  our 
tracks?  Some  of  these  appliances  affect  the  track  seriously,  especially 
when  they  come  in  immediate  contact  with  the  track,  and  we  ought  to 
go  into  the  matter  a  little  more  in  detail  with  that  in  view. 

Mr.  Peabody: — I  think  the  original  idea  in  bringing  this  matter 
before  this  Association  in  this  manner  was  that  this  Association  would 
not  have  to  go  to  the  expense  of  printing  all  of  this  material,  and  it 
is  presented  in  this  way  to  give  you  the  information  so  that  you  could 
find  it  if  you  want  it. 

Mr.  Lindsay : — My  suggestion  would  not  add  to  the  cost  of  printing, 
but  give  the  other  committees  opportunity  to  pick  out  some  particular 
device  that  affected  them,  and  bring  that  before  the  convention  for 
discussion. 

Mr.  T.  S.  Stevens  (Santa  Fc)  : — I  see  no  objection  to  Mr.  Lindsay's 
plan.  In  fact,  I  think  it  would  be  a  very  good  one,  from  the  fact  that 
it  would  give  the  inclusion  of  these  things  in  the  Manual  more  dignity, 
but  I  do  not  see  how  the  procedure  as  suggested  will  work  out.  If  we 
accept  Mr.  Lindsay's  amendment,  what  will  happen?  The  Association 
will  not  apparently  approve  the  work  of  the  reviewing  committees  which 
are  going  to  check  over  the  stuff,  put  it  in  the  Manual  if  they  think  it  is 
all  right,  or  if  they  do  not,  they  may  throw  it  away  without  any 
knowledge  by  the  Association.  If  a  plan  can  be  devised  for  a  yearly 
submission  of  these  specifications  to  the  committees,  this  might  be  a 
K'ood  scheme.  It  might  be  a  better  plan  to  rule  now  that  they  should 
be  submitted  to  the  committees  interested  and  next  year  brought  again 
before  the  Association  with  the  approval  of  these  committees. 

Mr.  Lindsay: — That  will  be  perfectly  acceptable  to  mc. 

The  President :— Mr.  Lindsay  modifies  his  amendment  to  the  effect 
that    this   matter   lie    held    for    one    year. 

So  that  there  will  be  no  niisunderstandiu.il,  the  (hair  will  repeat 
the  motion  by  Mr.  Lindsay,  that  this  report  be  accepted  as  information, 

and    he    held     for    one    year,    and    he    submitted    to    the    committees    inter 
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csted  by  the  Committee  on  Outline  of  Work,  and  brought  before  the 
convention   next   year    for   approval. 

(The  motion  carried.) 

Mr.  Peabody: — The  next  report  is  on  subject  (6),  "Report  on  tlie 
feasibility  of  separating  into  distinct  types  of  their  own,  the  signals  for 
train  operation  and  the  marker  or  signs  which  indicate  the  location 
or  position  or  both,  of  information  signs  and  switch  signals  for  convey- 
ing information  to  trainmen." 

Report  on  this  subject  will  be  found  in  Appendix  C,  pp.  76  to  91, 
inclusive. 

In  order  to  get  this  matter  properly  before  the  meeting,  I  would 
move  that  the  designs  shown  on  pp.  78  to  88,  inclusive,  be  adopted  and 
included  in  the  Manual. 

To  open  this  discussion  we  have  a  discussion  from  Mr.  Cushing ; 
possibly  he  would  prefer  to  present  it  himself. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  would  like  to  present 
a  little  different  point  of  view  on  this  subject  for  the  consideration  of 
the  members  before  a  vote  is  taken  on  the  report  of  the  Committee,  and 
I  will  read  the  letter  as  I  have  prepared  it  with  some  care. 

I  am  at  variance  with  the  Committee  in  its  initial  point,  with  refer- 
ence to  its  report  on  the  feasibility  of  separating  into  distinct  types  of 
their  own : 

(a)  The  signals   for  train  operation,  and 

(b)  The  markers  or  signs  which  indicate  the  location  or  position, 
or  both,  of  information  signs  or  switch  signals  for  conveying  informa- 
tion to  trainmen. 

This  initial  point  in  the  report  is  based  on  the  definition  of  a 
"Fixed  Signal"  in  the  Standard  Code  of  the  American  Railway  Associa- 
tion, but  it  does  not  appear  to  me  that  this  definition  is  of  importance 
in  the  discussion  of  the  distinction  between  signals  and  information  sign<. 
which  is  intended  to  be  the  result  of  the  work  of  this  Committee. 

The  "Standard  Code"  or  "Book  of  Rules"  does  not  say,  in  so  many 
words,  that  trains  shall  be  governed  in  their  movement  by  fixed  signals, 
because  there  are  various  other  kinds  of  signals  used  to  govern  the  move- 
ment of  trains,  among  which  are  hand  flags,  lanterns  swung  by  the  hand 
and  whistle  signals,  and  besides  those,  we  have  no  signal  at  all,  viz.,  the 
train  order  or  telephone  or  telegraph  message. 

From  the  fact  that  these  various  kinds  of  signals  and  messages  were 
used  to  govern  the  movement  of  trains,  it  became  desirable  to  define  a 
fixed  or  permanent  signal,  so  that  the  difference  between  it  and  hand 
signals  would  be  fully  appreciated,  as  it  was  recognized  more  and  more 
that  the  permanent  fixed  signal  was  most  desirable  for  the  control  of 
train  movement.  It  became  also  desirable  to  establish  a  fixed  signal 
where  train  orders  were  issued,  and  so  we  have  Rule  221,  "Unless  some 
form  of  block  signal  is  used,  a  fixed  signal  must  be  used,  at 
each  train  order  office,  which  shall  indicate  stop  when  there  is 
an  operator  on   duty,   except   when   changed   to   proceed,   to  allow   a  train 
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to  pass  after  getting  train  orders  or  for  which  there  are  no  orders    .     .     .'" 

Different  shapes  of  fixed  signals,  from  the  revolving  target  to  the 
semaphore  signal,  have  been  used  for  this  train  order  signal,  but  the 
purpose  of  the  railways  of  this  country  has  been  steadily  converging 
and  concentrating  on  the  use  of  the  semaphore  signal,  and  a  uniform 
style  of  signal  and  plan  for  operating  trains  under  a  fixed  signal  system 
has  been  growing  until  it  has  reached  the  point  when  it  may  be  almost 
considered  to  be  standard  and  universal  practice. 

This  system  of  signaling  is  based  on  a  unified  and  interconnected 
plan,  so  that  each  signal  station  has  a  connection  with  each  other  signal 
station,  and  knowledge  is  progressively  given .  with  reference  to  the 
condition  of  the  signal  in  advance  to  trains  as  they  proceed  over  the  road. 
This  is  the  complete  signal  system  which  is  the  main  basis  of  train 
control,  and  a  signal  which  gives  this  advance  information  refers  to  an- 
other definite  and  distinct  signal,  which  is  a  part  of  the  system  some 
distance  in  advance,  and  does  not  refer  to  or  have  any  connection  with 
a  signal,  sign  or  information  post  which  may  be  introduced  between  for 
a  special  purpose,  such  as  a  slow  or  stop  post,  slow  and  resume  speed 
post  for  curves,  whistle  post,  signal  for  water  station,  flag  in  the  hands 
of  a  brakeman,  or  any  other  method  of  conveying  information  to  the 
train  crew.  These  various  information  signs  are  not  given  a  place  in 
the  book  of  rules,  whereas  all  the  various  fixed  signals  belonging  to  a 
complete  signal  system  arc  defined;  block  signals,  for  instance,  under 
the  block  signal  rules,  and  interlocking  signals  under  the  interlocking 
rules. 

It  seemed  very  desirable  to  me,  therefore,  to  have  all  of  these  signal 
adjuncts  of  a  different  form  from  the  main  signal  system,  and  as  that 
main  signal  system  is  very  generally  of  the  semaphore  type,  it  seemed 
best  to  have  all  of  the  other  adjuncts  of  a  different  type. 

The  work  of  the  American  Railway  Association  has  been  progres- 
sive, and  the  work  of  this  Association  should  also  be  progressive.  These 
ideas  in  signaling  and  train  control  have  been  slowly  formulated,  and 
there  is  no  reason  why  we  should  not  help  along  the  movement  towards 
a  greater  degree  of  simplicity  and  perfection,  and  if  the  Committee  can 
agree  with  these  ideas  and  formulate  a  plan  and  designs  for  such  dis 
tinction,  I  believe  it  will  be  proceeding  in  the  right  direction  and  help- 
ing along  a  general  movement  toward  the  elimination  of  inconsistencies 
and  ideas  which  lead  to  obscurity  with  reference  to  train  movements. 

I  do  not  like  the  use  of  the  semaphore  arm  for  slow  and  stop  posts 
at  railroad  crossings,  and  for  trackmen  when  carrying  on  track  work, 
and  for  switch  signals,  etc.  They  are  all  fixed  in  position  and  the  StQP 
must  always  be  passed  in  the  Stop  position,  whereas,  the  general 
idea  and  plan  of  the  semaphore  signal  is  one  whose  aspects  can  be 
changed  in  order  to  indicate  different   train   movements. 

The  argument  that  all  of  these  various  kinds  of  information  signs 
are  used  to  govern  the  movement  of  trains  is   strictly  true,  but    it   is  also 


1082  SIGNALS  AND  INTERLOCKING. 

true  that  many  other  things  on  the  railroad  govern  the  movement  of 
trains,  such  as  track  work,  slow  orders  through  civic  communities,  very 
sharp  curves,  etc. 

It  is  necessary,  therefore,  to  begin  to  make  a  cleancut  distinction 
between  the  fundamental  signal  system  for  train  movement  and  opera- 
tion and  the  miscellaneous  information  signs  of  all  kinds  located  along  a 
railroad. 

I  therefore  move  an  amendment  to  the  original  motion  that  this 
portion  of  the  report  be  referred  back  to  the  Committee  for  additional 
study  and  recommendation. 

Mr.  L.  A.  Downs  (Illinois  Central)  : — This  subject  is  an  old  one 
and  it  is  one  in  regard  to  which  many  experts  differ,  the  question  of 
fixed  signs  being  different  in  their  design  from  other  signs.  All  signs 
affect  train  movements  to  a  greater  or  less  degree.  The  fixed  signal 
in  a  permanent  "stop"  position  is  just  as  important  as  any  semaphore 
movable  signal  that  would  be  at  "stop"  when  stop  is  desired  or  "proceed" 
when  proceed  is  desired. 

Therefore,  it  may  seem  that  if  it  is  as  important  as  all  that  it  should 
carry  the  same  design  as  the  other  signals. 

There  are  many  signals  that  are  simply  informative  signals,  that 
do  not  in  any  way  affect  train  rights  or  train  movements,  and  I  might 
say  that  men  differ  as  to  whether  or  not  these  should  be  of  the  same 
general  design  as  those  that  do  affect  train  movement.  Therefore,  I 
am  in  favor  of  Mr.  Cushing's  motion  that  this  matter  be  deferred  until 
it  is  gone  into  more  by  the  Association  before  it  is  finally  adopted. 

Mr.  Peabody: — The  Chairman  of  the  Sub-Committee,  Mr.  Burt,  is 
unfortunately  engaged  in  some  important  work  this  morning  and  unable 
to  be  present,  and  I  therefore  will  ask  Mr.  Mock  to  answer  for  the 
Committee. 

Mr.  J.  C.  Mock  (Michigan  Central)  : — After  collecting  and  classify- 
ing the  various  forms  quite  generally  used,  we  selected  and  submit  the 
ones  which  in  our  opinion  are  the  best. 

Classifying  into  their  various  uses  these  signals  and  signs  is  not 
easy  because  some  of  them  are  on  or  near  the  border  line  between  the 
classes,  whatever  basis  is  assumed  for  the  classification. 

We  have  all  along  held  in  mind  the  instructions,  and  have  classified 
these  signals  into  information  signs  and  those  that  conform  to  the  defini- 
tion of  the  A.  R.  A.  for  a  fixed  signal. 

In  Mr.  Cushing's  discussion  I  think  it  is  assumed  this  definition 
restricts  us  in  the  work  of  classification.  The  definition  of  a  fixed  signal 
is  "A  signal  of  fixed  location,  which  indicates  a  condition  affecting  the 
movement  of  a  train."  Very  clearly  these  first  three  signals  do  affect 
the  movement  of  a  train.  If  it  were  not  for  the  fact  that  they  are  per- 
manently located,  giving  only  one  indication,  they  might  quite  properly 
be  made  ordinary  semaphore  arm  signals,  because  they  do  affect  the 
movement  of  a  train  just  as  truly  as  any  signal.  The  others,  4  to  11  in- 
clusive,    with    the    sign    in    the   middle    of   the    standard,    are   information 
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signs,  and  may  or  may  not  affect  the  movement  of  a  train;  they  are 
too  far  distant  to  require  any  action  by  the  engineer  at  that  location,  but 
they  invariably  are  followed  by  a  signal  or  sign  that  does  affect  the 
movement  of  a  train. 

The  whistle  post  does  not  affect  the  movement  of  the  train,  but 
requires  action  on  the  part  of  the  engineer — here  we  cross  the  line  between 
the  signal  and  the  sign.  The  following  is  one  method  of  classifying  the 
signals  under  the  A.  R.  A.  definition. 

Class  1 . 

Each  signal  indicating  either  two  or  three  conditions  (one  at  a  time) 
affecting  the  movement  of  a  train,  and  demanding  compliance  with  the 
indication  on  the  part  of  the  engineer  at  the  place  where  the  indication 
is  displayed  and  includes 

(a)  interlocking  signals, 

(b)  block  signals,  automatic  and  manual, 

(c)  distant  switch  signals, 

(d)  crossing,  switch  and  derail  targets. 

A  crossing,  switch  and  derail  target  is  really  a  compression  or 
abbreviation  of  about  four  signals.  If  a  passing  siding  is  interlocked, 
it  will   require   four  blades. 

Class  2. 

Each  signal  indicating  two  or  more  conditions  affecting  the  move- 
ment of  a  train,  but  not  necessarily  demanding  compliance  with  the  indi- 
cation on  the  part  of  the  engineer  at  the  place  where  the  signal  is  located, 
they  are  quasi-information  signs.     In  this  class  are 

(a)  train  order  signals, 

(c)  switch   (block)   indicators, 

(d)  flag  station  signals. 

(b)  take-siding  signals, 

The  train  order  signal,  as  we  arc  now  using  it,  is,  I  think,  delaying 
tonnage  trains,  for  the  reason  that  the  19-order  is  given  too  close  to 
the  place  where  the  order  is  delivered.  The  indication  is  to  help  a  train  ; 
to  keep  it  moving.  If  brakes  are  applied  to  tonnage  trains  running  20 
miles  or  below,  they  must  stop,  resulting  in  delay.  The  19-order  indica- 
tion should  not  in  any  way  interfere  with  the  indications  of  the  inter- 
locking or  automatic  signals.  It  should  be  displayed  as  a  separate  or 
distinct  indication  at  braking  distance  from  the  point  of  delivery.  The 
31-order  is  a  simpler  matter.  The  present  practice,  i.  v.,  using  a  Bag  or  a 
lant(  in  "i  any  other  convenient  sign  after  the  train  is  stopped,  is,  i  believe, 
satisfactory,  and  leads  to  no  additional  delay;  but  I  wish  to  emphasis 
this  view  of  the  19-order.  I  think  the  present  practice  wrong  and  ought 
hanged. 
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Class  3. 

Each  signal  or  sign  indicating  only  one  condition  which  affect>  the 
movement  of  a  train  and  demanding  a  compliance  with  the  indication  at 
the  place  where  the  signal  or  sign  is  located.     In  this  class  are 

(a)   stop  signs, 

( 1) )   slow  signs, 

(c)  resume-speed   signs, 

(d)  tracks  pan   signs 

(e)  yard  and  city  limit  signs 

and  other  signs  of  this  nature.  You  will  ohservc  that  the  first  three  signs 
shown  in  our  report  do  affect  all  trains.  The  yard  limit  sign  affects  all 
trains,  hut  the  track  pan  sign,  not  shown,  may  or  may  not  affect  the  move- 
ment of  a  train.  Under  this  same  classification  would  fall  the  curve  and 
grade  signs  or  any  other  sign  which  is  used  to  restrict  the  speed  of  a 
train. 
Class  4. 

Information  signs:     These  do  not  affect  the  movement  of  trains,   as 

(a)  highway  crossing  signs, 

(b)  whistle  signs, 

(c)  flanger  signs, 

(d)  right-of-way   signs, 

(e)  clearance  and   fouling  point  signs, 

(f)  one  mile  to  crossing  or  to  station. 

Mr.  Lindsay: — As  railroad  work  has  developed,  we  have  gotten  away 
from  the  idea  that  wc  must  never  pass  a  red  blade  wherever  it  is  ex- 
posed, because  we  do  it  every  day,  mile  after  mile,  train  after  train. 
Perhaps  Mr.  Cushing's  objection  to  the  shape  of  the  stop  sign  might 
be  overcome  if  we  would  make  a  pointed  "stop  and  proceed"  sign  like 
an  automatic  signal  blade.  The  slow-speed  sign  and  the  resume-speed 
sign  are  of  great  importance  with  us,  and  we  have  adopted  a  sign  thai 
shows  reasonably  well  in  daylight  and  is  illuminated  at  night  with 
perforated  lettering  on  the  front.  It  has  been  giving  very  good  service.  The 
necessity  for  the  sign  is  greater  really  at  night  than  it  is  in  the  daytime. 

It  seems  to  me  the  Committee  might  very  well  devote  more  thought 
to  that   feature   of  the   case. 

My  objection  to  the  arm  signs  is  comparatively  trivial,  but  where  a 
yard  limit,  at  a  junction  and  a  crossing  and  a  drawbridge  arc  all  together, 
near  to  a  station,  the  place  would  look  like  a  graveyard.  Would  it  not 
be  possible  to  have  the  lettering  for  those  signs  put  on  one  sign,  so  that 
one  stencil  can  be  made  to  take  care  of  all  of  it? 

Mr.  Stevens: — It  is  probably  proper  that  the  action  suggested  should 
be  taken,  but  the  Committee  will  be  at  a  loss  to  present  anything,  I  think, 
which  docs  not  mean  exactly  what  the  signs  mean  that  they  have  pres- 
ented. 

They  can  present  you  a  horizontal  board  with  the  word  "stop" 
painted  on  it,  a  board  painted  red,  or  several  schemes  of  that  kind  which 
will    all    mean    the   ^amo    thing — absolutely   mean    that    a   train    must    stop 
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at  that  particular  point  and  do  certain  things  after  it  has  stopped  that 
the  rules  provide  for.  It  does  not  matter  whether  it  is  a  semaphore  or 
a  hoard  with  the  word  "stop"  printed  on  it,  or  a  hoard  painted  red. 
which,  under  the  rules,  means  "stop."  The  effect  on  the  train  will  he 
the  same. 

The  same  argument  applies  to  the  45-degree  sign  marked  25  and  15. 
Yon  can  install  a  horizontal  yellow  board,  or  you  can  mark  a  horizontal 
hoard  "slow"  and  put  these  numhers  on,  or  you  can  install  the  sign 
as  suggested  by  this  Committee,  which  is  the  almost  universal  method  of 
indicating  caution  or  some  form  of  reduced  speed. 

The  same  thing  is  true  for  the  resume-speed  sign.  You  can  have  a 
horizontal  board  with  "resume  speed"  painted  on  it,  or  a  horizontal  board 
painted  green,  or  whatever  color  that  is  used  by  the  individual  railroad, 
or  you  can  have  a  simple  sign  as  directed  by  the  Committee  with  the  let- 
ters "R.  S."  painted  on  it.  The  effect  on  the  train  will  be  absolutely 
the  same.  It  will  take  permission  at  that  point  of  whatever  speed  is 
allowable. 

We  get  away  from  the  daylight  sign  and  tackle  the  night  problem 
and  here  is  where  the  principal  difficulty  comes  in  of  getting  away  from 
signal  colors  because  you  have  only  three — red,  yellow  and  green — that 
you  can  use  satisfactorily.  White,  perhaps,  is  a  possible  color,  but 
directly  you  get  into  the  illumination  of  the  signs  you  must  use  the  same 
things  that  are  used  on  the  movable  semaphore  arms,  so  that  I  think  it  is 
probable  if  these  things  should  be  referred  back  to  the  Committee,  it  is 
doubtful  whether,  if  they  should  submit  something  else  to  the  Associa- 
tion next  year,  there  would  not  be  objections  raised. 

When  you  take  the  simple  type  of  indication  which  men  are  accus- 
tomed to  observe  in  this  particular  form  every  day,  there  seems  to  be  less 
for  them  to  learn. 

Mr.  Louis  Yager  (Northern  Pacific)  :— Tt  seems  to  me  that  the  Asso- 
ciation should  act  definitely  upon  the  recommendations  of  its  Commit- 
tee. This  is  an  important  subject  and  the  Committee  has  covered  the 
field,  and  from  its  investigation  concluded  to  recommend  the  adoption  of 
a  scheme  that  utilizes  certain  characteristic  aspects  of  signals  for  their 
immovable  fixed  signals.  This  is  a  definite  attempt  toward  the  solu- 
tion of  this  problem  that  challenges  constructive  criticism.  Should  this 
plan  develop  operating  objections  not  anticipated  by  the  Committee,  these 
should  be  brought  to  their  attention  at  this  time.  It  will  not  bring 
about  progress,  as  I  sec  it,  to  refer  this  back  to  the  Committee  on  the 
plea  of  the  importance  of  the  subject  without  some  intimation  as  to 
how  the  Association  views  the  important  step  of  unification  taken  by 
the  ( lommittee. 

Mr.  L  M.  Perkins  (Northern  Pacific)  :— I  understand  this  motion 
to  refer  this  back  to  the  Committee  will  be  the  first  to  come  to  a  vote, 
though    I    hope    it    does    not    pass.      I    would    otter    an    amendment    to    that 

motion,  that  it  be  referred  for  revision  as  to  details,  and  not  as  to  the 
general  shape 
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Mr.  Mock : — In  signs  of  all  these  classes  the  tendency  on  some  roads 
is  to  reduce  the  lettering  to  the  minimum.  1  think  this  is  very  liable 
to  cause  confusion  and  the  engineer  is  liable  to  undervalue  the  sign 
that  we  wish  him  to  obey.  It  is  not  an  expensive  matter  to  put  the  words 
and  letters  on  very  plainly.  For  the  approach  to  an  interlocking  plant 
or  a  crossing,  or  a  draw  or  a  junction,  we  can  very  nicely  make  a 
combination  sign  so  that  it  will  not  be  necessary  to  have,  as  Mr.  Lindsay 
says,  too  many  boards  sticking  out.  This  scheme  lends  itself  to  such 
combining  and  I  do  not  know  of  any  other  that  does  quite  so  well. 

Mr.  Felt: — In  the  matter  of  the  railway  crossing  and  junction  signs, 
I  would  suggest  some  distinctive  form  as  apart  from  the  highway  cross- 
ing sign.  It  is  our  practice  to  place  the  highway  sign  at  right  angles  to 
the  highway.  Where  the  highway  is  at  an  acute  angle  to  the  railroad, 
that  frequently  appears  like  a  railroad  crossing  sign ;  so  we  have  found 
it  advisable  to  change  our  signs,  which  were  formerly  similar  to  the 
highway  sign,  and  we  now  use  a  triangle  for  railway  crossings  and 
junction  crossings  which,  of  course,  we  consider  very  important  at  cross- 
ings that  are  not  interlocked.     I  suggest  the  Committee  consider  that. 

Mr.  Patenall : — Probably  the  suggestion  might  appeal  to  quite  a  num- 
ber of  men.  I  would  like  to  point  out  one  factor  in  the  field  of  signal- 
ing. Why  should  we  adhere  to  various  designs  of  markers,  by  day,  when 
we  cannot  have  that  same  shape  at  night.  Mr.  Cushing's  criticism  is 
really  the  most  constructive  we  have  heard  to-day,  although  I  am  sorry 
I  cannot  align  myself  in  his  favor.  The  appearance  of  the  first  three 
signs  would  probably  portend  a  semaphore  design.  At  the  same  time 
there  is  a  difference  as  to  what  the  engineman  is  to  do.  It  is  not  posi- 
tion that  indicates  what  the  engineman  is  to  do,  but  the  instructions  are 
spelled  out,  and  for  that  reason  there  seems  to  be  no  conflict  in  the 
designs  we  submit  in  comparison  with  signals  with  operative  arms,  and 
there  should  be  no  criticism  in  that  direction. 

The  President : — Mr.  Cushing's  amendment  to  the  original  motion 
is  that  the  information  on  pp.  78  to  88  inclusive  be  referred  back  to  the 
Committee  for   further  study. 

(The  motion  was  lost.) 

The  President : — The  question  is  now  on  the  original  motion,  that 
the  information  on  pp.  78  to  88  inclusive  be  adopted  and  printed  in 
the  Manual. 

(The  motion  carried.) 

Mr.  Peabody : — The  last  subject  on  which  we  will  report  is  (9), 
"Report  on  the  comparative  merits  in  various  locations  of  alternating  cur- 
rent and  direct  current  for  operation  of  automatic  signals." 

Vour  Committee  recommends  that  this  subject  be  discontinued  and 
I  would  so  move. 

The  President: — The  Chair  does  not  think  that  needs  the  approval 
of  the  house.  That  completes  the  work  of  the  Committee,  and  they  are 
dismissed   with  the  thanks  of  the  Association. 


DISCUSSION  ON  CONSERVATION  OF  NATURAL 
RESOURCES. 

(For  Report,   see  pp.   187-206.) 

Prof.  S.  N.  Williams  (Vice-Chairman)  : — Your  Committee  during 
the  past  year  has  devoted  most  of  its  efforts  to  preparing  a  digest  of 
what  has  been  done  in  previous  years  on  the  subject  of  Conservation 
of  Natural  Resources,  and  we  are  largely  indebted  to  Dean  Votey  for 
the  very  excellent  summary  he  has  prepared  on  that  feature. 

Mr.  McNab,  an  honored  member  of  the  Committee,  has  given  us 
some  valuable  information  in  reference  to  the  progress  being  made  in 
Canada  with  respect  to  the  conservation  movement  in  that  country. 

The  technical  press  has  recently  described  quite  fully  the  plants 
maintained  by  several  railways  with  a  view  to  reclaiming  and  utilizing 
scrap  material.  Notable  examples  of  these  plants  are  those  of  the  Santa 
Fe,  Rock  Island  and  the  Chicago  &  Northwestern. 

Present  conditions  make  it  incumbent  upon  all  of  us  to  save  in  every 
way  we  can.  One  of  the  recent  suggestions  in  regard  to  new  sources  of 
economy  in  railway  operation  is  the  use  of  pulverized  coal.  Tests  made 
indicate  that  it  is  well  worth  consideration.  The  daylight-saving  plan, 
now  enacted  into  law,  will  aid  in  conserving  fuel. 

Railway  companies  are  wide  awake  to  the  necessity  for  utilizing 
their  equipment  to  the  utmost  in  order  to  obtain  the  maximum  use  from 
the  means  available. 

It  is  to  be  regretted  to  note  a  large  increase  in  the  fire  losses  in 
this  country.  According  to  statistics,  they  increased  thirty  million  dol- 
lars over  those  a  year  ago. 

One  of  the  subjects  coming  within  the  province  of  your  Committee 
is  that  of  the  conservation  of  human  life.  The  United  States  Public 
Health  Department  is  doing  a  great  work  in  the  prevention  of  the 
spread  of  communicable  diseases. 

The  Bureau  of  Mines  is  doing  admirable  work  in  disseminating  use- 
ful information  in  reference  to  the  saving  and  the  use  of  coal. 

Your  Committee  has  no  definite  recommendations  to  present,  its 
work  being  largely  one  of  making  useful  information  available.  The 
report  is  therefore  one  of  progress  and  is  submitted  as  such. 

The  President : — The  Atchison,  Topeka  &  Santa  Fe  Railway  Com- 
pany has  achieved  some  remarkable  results  in  its  Reclamation  plant, 
;iiid  we  would  like  to  hear  from  Mr.  Graham,  who  is  in  charge  of  the 
plant. 

Mr.  R.  K.  Graham  (Santa  Fe)  : — Eight  years  ago  this  May  we 
started  the  reclamation  of  scrap  material  that  had  previously  been  going 
to  the  dealer.  Our  first  shop  was  a  dismantled  box-car,  employing  one 
blacksmith.  At  the  present  time  we  employ  about  50Q  men  in  the  differ- 
ent   departments. 
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Shop  No.  1  has  an  8-in.  bar  mill  for  rolling  small  bars,  1-in.  round 
and  under.  Also,  bolt  heading  department,  blacksmith,  tin,  air-brake, 
nipple  and  out-tapping  departments.  This  shop  is  564  by  40  ft.  Shop 
No,  2  has  the  wheel  department,  also  a  bolt-threading  department,  and 
general  machine  shop  and  tool  room.     This  latter  shop  is  250  by  46  ft. 

Shop  No.  3  has  the  power  house  and  12-in.  bar  mill.  This  mill  rolls 
bars  three-quarters  round  up  to  2  in.,  also  flats  2  by  *4  up  to  1^  by  4  in. 
This  shop  is  built  of  steel,  250  by  70  ft.,  with  an  addition  of  200  by 
28  ft.  This  addition  contains  steam  hammer,  rattlers,  and  washer 
punches. 

The  brass  is  handled  in  shop  Xo.  4.  This  shop  is  250  by  40  ft. 
All  brass  is  handled,  cleaned  and  sorted.  The  storehouse  is  256  by  28  ft. 
All  material  is  collected  here  ready  for  shipping. 

Shop  No.  5  contains  the  hose-  mounting  department.  All  hose  used 
on  the  System  is  mounted  here.  The  hose  is  stripped  and  serviceable 
parts  cleaned  and  used  again.  Formerly  this  work  was  done  at  the 
various  shops  on  the  System,  generally  requiring  two  men  at  each 
place,  or  about  fifty  men.  We  are  now  doing  it  with  six  men  and  have 
no  complaints  on  poor  work. 

The  buildings  were  all  constructed  out  of  scrap  material  or  ob- 
solete stuff  and  by  our  own  men. 

In  1917  the  tin  shop  turned  out  55,849  pieces  of  miscellaneous  tinware. 

The  bolt  shop  turned  out  5,575,886  miscellaneous  machine  and  car- 
riage bolts,  664  hook  bolts,  2850  rivets,  and  4608  kegs  of  retapped  nuts. 

From  March  1,  1917,  the  12-in.  mill  rolled  10,173,246  lbs.  of  mis- 
cellaneous iron  bars,   and  a  few  other  articles. 

In  the  blacksmith  department  we  had  an  output  of  7808  miscellaneous 
break  beams,  1308  kegs  of  truck  spikes,  and  reclaimed  435  switchstands. 

There  was  also  the  following  output  from  the  blacksmith  depart- 
ment: 

8551  track  and  scoop  shovels;  413  track  drills;  2838  claw  and  lining 
bars;  1421  jimmy  bars;  22,833  tamping,  coal  and  dirt  picks;  2283  truck 
and  Norton  jacks;  4482  track  chisels;  2591  spike  mauls;  2990  miscel- 
laneous wrenches ;  458  timber  bars ;  7087  knuckle  locks ;  321  Andrew  side 
frames;  230  truck  frames;  191  Simplex  bolsters;  114  miscellaneous 
knuckles;  16,652  knuckle  pins;  886  slow  boards;  1119  warehouse  trucks; 
2925  kegs  of  washers;  16  copying  presses;  506  track  gages;  17,944  auto 
strips  out  of  old  sacks;  2304  steel  wheels  retired;  3128  packing  hooks  and 
iron  splice  and  spud  bars;  3306  coil  springs  retempered ;  15,918  steam 
hose  stripped  and  mounted;  63,862  air  hose  stripped  and  mounted;  8340 
signal  hose  stripped  and  mounted;  342  one-half  inch  air  hose  mounted, 
250  tail  hose  mounted;    1249  dummy  hose  mounted. 

These  are  only  the  principal  items  reclaimed.  The  entire  net  saving 
of  the  plant  for  the  year  was  $518,084.28.  It  is  impossible  for  me  to 
explain  every  transaction,  and  I  cordially  invite  the  members  of  the  As- 
sociation to  visit  the  plant  and   see   for  themselves  what  we  are  doing. 

The  President: — Have  any  of  the  members  had  any  experience  with 
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the  oxy-acetylcnc  method  of  repairing  frogs,  and  if  so,  with  what 
success? 

Mr.  Graham : — I  do  not  believe  it  practicable.  We  have  tried  it  and 
our  experience  is,  if  you  can  build  up  a  wing  rail  or  a  point  or,  say, 
weld  a  broken  wing  rail  for  two  or  three  dollars,  it  will  pay,  but  if 
both  wings  and  a  point  has  to  be  built  up,  you  had  better  get  a  new 
frog,  as  it  will  not  pay  to  weld  up  manganese  crossings  or  frogs  at  all. 
We  experimented  on  manganese  both  in  the  track  and  shop  and  could 
not  make  it  hold. 

The  President: — If  there  is  no  further  discussion,  we  will  excuse 
the  Committee,  with  the  thanks  of  the  Association. 


DISCUSSION  ON  BUILDINGS. 

(For  Report,  see  pp.  243-270.) 

Mr.  M.  A.  Long  (Baltimore  &  Ohio)  : — You  will  notice  that  we 
have  had  ten  subjects  assigned  us,  and  the  Committee  this  year  con- 
centrated its  work  on  subject  (6)  "Report  on  safety-tread  devices  for 
stations  exposed  to  the  elements,"  and  on  (8)  "Report  on  design  and 
merits  of  high  and  low  platforms  at  passenger  stations."  The  other 
subjects  were  studied  and  the  portions  published  are  offered  as  progress 
reports. 

We  give  in  Appendix  A  a  list  of  definitions  of  terms.  We  have 
had  a  number  of  letters  from  members  recommending  changes  and  cor- 
rections in  that  list,  and  we  would  be  glad  to  hear  from  any  other 
members,  so  that  at  the  next  meeting  of  the  Buildings  Committee  we  will 
be  in  position  to  consider  any  suggestions  along  that  line. 

On  page  248  we  report  on  subject  (6).  I  want  to  call  attention  to 
the  fact  that  we  have  changed  the  title  to  make  it  broader  in  scope. 
It  now  reads,  "Provisions  to  insure  safe  walking  in  and  about  passenger 
stations."  The  wording  "safety-tread"  seemed  to  us  to  touch  only  a 
small  part  of  the  subject,  and  therefore  we  have  made  the  title  broad 
enough  to  cover  the  whole  subject  of  safe  walking  in  and  about  a 
passenger  station  layout.  This  subject  is  treated  very  fully,  and  anyone 
reading  this  report  will  obtain  a  great  many  details  and  ideas  in  regard 
to  designing  a  station  building  and  its  appurtenances  in  order  to  insure 
safety.  We  ask  that  the  first  part  of  the  report  be  received  as  informa- 
tion and  published  in  the  Proceedings. 

On  pages  265-268  we  give  you  our  conclusions,  which  we  recom- 
mend  for  acceptance   and  publication   in   the   Manual. 

The  President: — The  Chair  is  of  the  opinion  that  this  subject  has 
been  carefully  considered  by  the  Committee,  and  unless  there  is  a  desire 
to  the  contrary,  we  will  read  each  section  heading,  giving  sufficient  pause 
for  discussion,   and  assume   the  various  sections   are  approved  as   read. 

Mr.  Long  will  read  the  headings,  and  if  there  is  no  adverse  crit- 
icism, the  sections  will  stand  approved. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — Do  I  understand  that  on 
pages  265  and  266  that  matter  is  to  be  put  in  the  Manual  as  explan- 
atory of  what  follows? 

Mr.  Long: — That  is  right. 

The  President: — The  matter  of  pitch  and  landings  is  a  rather  im- 
portant subject,  and  the  Chair  thinks  we  should  have  some  discussion 
on  it. 

Mr.  Lindsay: — In  our  experience,  we  have  had  quite  a  number  of 
accidents  on  stairways,  and  our  investigations  disclosed  that  the  grade 
of  the  stairway,  of  the  flight,  was  the  important  thing.  Slight  variation 
of  rise  or  tread  did  not  cut  so  much  figure  as  long  as  the  nosing  was  on 
a  uniform  grade  line.     Did  the  Committee  cover  that  point? 
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Mr.  Long: — The  Committee  covered  that  point.  We  recommended, 
broadly  speaking,  that  there  should  not  be  two  stairways  in  any  building 
with  a  different  rise  and  tread,  and  then  we  recommend  on  page  268 : 

"Provide  treads  not  over  13  in.  nor  less  than  11  in.  in  width,  and 
risers  not  over  7  in.  nor  less  than  6  in.  in  height;  and  make  the  sum 
of  two  risers  and  one  tread  be  between  25  and  26  inches." 

We  canvassed  the  situation  thoroughly,  especially  the  stations  in 
New  York,  including  subways,  and  arrived  at  what  we  considered  a 
good  average;  we  recommend  that  in  every  stairway  you  have  all  of 
your  risers  and  treads  of  the  same  dimensions.  Do  not  have  from  one 
landing  to  another  one  rise,  and  from  a  landing  to  the  floor  another 
rise.     That  causes  a  great  deal  of  trouble. 

The  President: — If  there  is  no  further  discussion,  these  conclusions 
will  be  adopted  and  published  in  the  Manual. 

Mr.  Long: — Subject  (8)  is  found  on  page  270,  and  was  recom- 
mended for  publication  in  the  Manual.  The  Committee,  however,  would 
request  that  this  be  referred  back  for  another  year.  At  the  time  the 
Committee  held  its  meeting  in  Chicago  it  happened  to  be  just  during 
the  heavy  snowstorms  and  a  great  many  of  the  members  could  not 
reach  Chicago.  Some  of  those  who  were  not  present  are  now  suggest- 
ing some  changes  in  this  report,  and  for  that  reason  we  recommend 
that  it  be  referred  back  to  the  Committee  in  order  to  give  it  further 
consideration  during  the  coming  year. 

The  President: — If  there  is  no  objection,  the  recommendation  of 
the  Committee  will  be  approved  and  the  subject  reassigned  to  it. 

There  being  no  further  discussion  on  this  report,  the  Committer  is 
relieved,  with  the  thanks  of  the  Association  for  their  good  work. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines — by  letter)  : — The  report  of 
the  Committee  considers  the  subject  of  treads  of  stairways,  and  it  may 
be  interesting  as  discussion  on  the  subject  to  be  informed  of  the  prac- 
tice of  the  Pennsylvania  Lines  West  of  Pittsburgh,  which  is  stated  on 
its   standard    drawing   No.    16414,    shown   on   the   following   page. 

Mr.  G.  II.  Gilbert  (Vice-Chairman  of  the  Committee)  : — Comment- 
ing on  the  communication  from  Mr.  W.  C.  Cushing,  the  standard  prac- 
tice of  the  Pennsylvania  Lines  West  of  Pittsburgh,  in  regard  to  stair- 
Way  construction,  conforms  essentially  to  the  recommendations  submitted 
by  the  Buildings  Committee.  There  are  two  features,  however,  which 
cannot  be  wholly  endorsed  by  the  Buildings  Committee.  The  general 
Specification  prohibits  the  use  of  safety  treads  with  corrugation-  deeper 
tli. in  one-sixteenth  inch.  This  raises  a  question  in  dispute  between  rival 
manufacturers  "t  safet)  treads.  As  stated  in  the  body  of  the  reporl 
of  the  Buildings  Committee,  it  is  not  though)  that  sufficient  conclusive 
evidence  is  at  hand  for  a  committee  of  a  national  association  t"  make 
imendations  either  for,  or  against,  a  corrugated  safetj  tread 
These  general  specifications  also  provide  for  a  safety  tread  of  "a  width 
"i  n. it  less  than  eight   inche    on  tread,  including   nosing."     The  recom- 
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inendation  of  the  Buildings  Committee  as  to  width  of  tread  is  from 
five  to  eight  inches,  it  heing  considered  that  safety  treads  should  he 
no  wider  than  strictly  necessary  to  take  the  wear,  and  that  treads  wider 
than  eight  inches  arc  seldom  necessary  for  this  purpose,  and  are  other- 
wise objectionable,  as  they  tend  to  create  a  uniform  appearance  of  all 
treads,  and  thus  tend  to  accidents.  It  is  considered  that  as  far  as  may 
he  practicable,  treads  should,  by  form  or  color,  be  readily  distinguished 
from  each  other,  and  that  any  arrangements  to  this  end  will  tend  to 
decrease  the  risk  of  accidents  on  stairways. 
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DISCUSSION  ON  RULES  AND  ORGANIZATION. 

(For  Report,  see  pp.   763-766.) 

Mr.  A.  J.  Himes  (New  York,  Chicago  &  St.  Louis)  :— Mr.  Chairman 
and  members  of  the  Association : — The  work  assigned  to  the  Committee 
on  Rules  and  Organization  for  the  year  is  given  on  page  763,  Bul- 
letin  204. 

Sub-Committees  were  appointed  to  handle  these  various  subjects. 
Several  meetings  were  held  during  the  year  and  a  considerable  amount 
of  work  done.  The  Committee  to-day,  however,  has  no  recommenda- 
tion to  make  and  no  final  conclusions.  There  will  be  some  conclusions 
to  report  most  likely  in  another  year.  We,  therefore,  can  only  report 
progress  at  this  time. 

There  is,  however,  one  subject  of  more  than  ordinary  interest  at 
the  present  time,  to  which  the  Committee  has  given  attention  during  the 
year,  and  it  probably  is  worth  while  to  make  some  especial  mention  of  it. 

Turning  to  page  764  in  Appendix  A  is  matter  headed,  "The  Science 
of  Organization."  The  Committee  has  given  some  attention  to  this  sub- 
ject, and  I  will  read  a  few  abstracts  from  this  Appendix. 

The  members  of  the  Committee  have  been  busy  with  other  work 
during  the  past  year,  and  there  appears  to  have  been  no  demand  for  a 
report  on  the  science  of  organization,  and  so  it  has  been  put  aside 
from  time  to  time  for  what  seemed  to  be  more  pressing  work. 

Certain  matter  in  this  Appendix  suggests  the  idea  that  it  may  be 
possible,  when  we  have  given  a  sufficient  amount  of  study  to  the  sub- 
ject of  administration  and  organization,  to  have  a  field  book  covering 
the  subject,  enumerating  the  principles,  and  stating  rules  which  can  be 
profitably  studied  and  used  in  great  organizations  to  learn  the  way 
more  quickly  and  more  perfectly  than  is  done  usually  in  a  brief 
experience. 

I  have  a  few  blueprints  with  me  showing  the  charts  referred  to  in 
the  Appendix.  They  will  be  useful  to  those  who  are  interested  in  the 
subject.  They  were  collected  in  an  effort  to  show,  if  possible,  why  one 
road  has  one  form  of  organization  and  another  road  has  another  form. 

The  bibliography  which  is  presented  has  been  compiled  from  the 
Library  of  the  American  Society  of  Civil  Engineers,  and  from  the 
New  York  Public  Library.  There  are  many  good  books  not  found  in 
thi*  list,  some  of  them  of  recent  date,  which  will  be  added  thereto.  A 
new  book,  by  George  H.  Sheppard,  entitled,  "The  Application  of  the 
Efficiency  Principle,"  will  be  added  to  this  list,  and  there  is  here  pre- 
sented for  the  convenience  of  members  who  find  little  time  for  reading, 
synopses  of  a  few  of  the  most  important  of  the  books  on  scientific  man- 
agement and  organization.  It  is  hoped  that  the  members  of  the  As- 
sociation, having  read  some  one  or  more  of  these  books,  will  contribute 
to   the   work   of    the    Committee   by   presenting   other   synopses,   in   order 
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that  we  may  compare  them  more  readily,  and  without  reading  so  many 
books,  digest  and  make  use  of  the  information  contained  therein. 

It  is  probably  worth  while  to  call  attention  to  the  difference  be- 
tween scientific  management  and  scientific  organization.  I  have  synopses 
of  four  or  five  different  books,  among  which  are  "The  Principles  of 
Scientific  Management,"  by  Frederick  W.  Taylor,  another  by  Major 
Hine,  and  one  by  Harrington  Emerson.  These  men  are  all  talked  of  a 
great  deal,  and  I  want  to  point  out  that  whereas  Emerson  and  Taylor 
discuss  Scientific  Management  and  the  efficiency  of  the  individual,  Hine 
deals  with  the  efficiency  of  the  organization,  two  things  which  are  very 
distinct  and  different. 

Reading  from  Taylor,  he  says : 

"Broadly  speaking,  then,  the  best  type  of  management  in  ordinary 
use  may  be  defined" — this  is  not  what  he  recommends — "may  be  defined 
as  management  in  which  the  workmen  give  their  best  initiative  and  in 
return  receive  some  special  incentive  from  their  employers,"  and  he 
calls  that  management  by  "initiative  and  incentive." 

Then  he  says : 

"The  task  which  the  writer  has  before  him  then  is  the  difficult  one 
of  trying  to  prove  in  a  thoroughly  convincing  way  that  there  is  another 
type  of  management  which  is  not  only  better  but  overwhelmingly  better 
than  the  management  of  'initiative  and  incentive.'  " 

At  the  end  he  concludes  in  this  manner: 

"It  is  no  single  element,  but  rather  this  whole  combination  that  con- 
stitutes scientific  management,  which  may  be  summarized  thus :  Science, 
not  rule-of-thumb;  harmony,  not  discord  (remember  clearly  the  har- 
mony) ;  co-operation,  not  individualism;  maximum  output  in  place  of  re- 
stricted output:  the  development  of  each  man  to  his  greatest  efficiency 
and  prosperity." 

He  emphasizes  maximum  output  for  the  organization  as  a  whole, 
for  the  plant  and  also  for  the  idividual,  and  while  he  condemns  man- 
agement by  initiative  and  incentive,  in  the  end  he  has  the  same  con- 
dition that  he  had  in  the  beginning,  except  that  it  is  magnified.  He 
has  a  larger  output  from  the  plant  and  a  larger  output  from  the  indi- 
vidual, and  they  are  all  working  with  a  higher  efficiency;  but  the  rela- 
tive condition  of  things  when  he  gets  through  with  them  are  precisely 
th<    same  as  they  were  in  the  beginning. 

And  then  he  calls  attention  to  this  fact,  the  same  mechanism,  that 
is,  the  mechanism  which  he  describes  and  recommends,  will  lead  to 
failure  and  disaster  if  accompanied  by  the  wrong  spirit  in  those  who 
an-  using  it.  He  has  not  emphasized  that  spirit,  but  throughout  the 
book  it  is  made  plain  that  a  very  large  factor  in  the  scheme  of  things 
which  he  recommends  is  the  spirit  of  kindliness  and  good-will,  harmony 
and  co  operation,  and  he  makes  it  very  clear  that  unless  the  manage 
ment  is  imbued  uilli  those  elements  that  there-  ean  lie  no  success  of  the 
kind    which   he   is    looking    for   in   his   book. 
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I  want  to  read  a  comment  ol  my  own  on  thiv  book  of  Taylor's: 

''The  book  is  very  elementary  and  homilctic  in  character,  and  in  a 
scientific  way  docs  little  more  than  suggest  that  certain  lines  of  en- 
deavor be  pursued  in  a  scientific  manner.  The  ultimate  purpose  is 
greater  production — greater  income  for.  labor  as  well  as  for  capital — 
leaving  comparative  relations  at  the  end  not  dissimilar  from  the  condi- 
tion at  the  beginning.  It  is  not  an  argument  for  the  development  and 
maintenance  of  peace  and  industry  among  all  mankind,  although  strong 
emphasis  is  placed  upon  the  need  of  a  spirit  of  harmonious  co-operation. 
It  relates  more  particularly  to  management,  not  to  organization,  excepting 
as  incidental  thereto.  Compare  passages  on  page  38-9/10,  relating  to 
a  division  of  effort  between  employes  and  management,  with  the  chap- 
ter on  'Line  and  Staff'  in  Hine's  'Modern  Organization.'  Both  writers 
have  in  mind  the  elimination  of  the  friction  and  loss  of  efficiency  due 
to  the  chasm  which  commonly  prevails  between  the  primary  units  of  an 
organization  and  the  principal  officers.  This  is  the  passage  from  Hine 
that  is  referred  to : 

"  'Most  corporations  are  wasting  some  money  every  day  by  per- 
mitting staff  officers  to  attempt  to  exercise  line  functions.  The  Army 
and  the  Navy  have  found  an  effectual  check  by  going  back  to  first  prin- 
ciples, by  amalgamating  Staff  and  Line,  by  judicially  rotating  function, 
and  by  substituting  periodic  details  from  the  line  for  permanent  ap- 
pointments to  the  staff.' " 

We  have  all  read  of  the  strife,  in  the  Navy  especially,  between  the 
Line  and  the  Staff.  Xobody  wants  to  be  a  staff  officer,  because  he 
hasn't  any  power  to  order  somebody  to  do  something.  We  all  like  to 
have  men  to  come  at  our  beck  and  call.  In  the  Navy,  that  difficulty 
has  been  overcome  by  detailing  men  from  the  Line  to  serve  on  the 
Staff  for  a  moderate  length  of  time,  and  then  returning  them  to  the 
Line.  That  is  what  Hine  recommends  be  done  for  railroad  organ- 
ization. 

I  want  to  read  a  page  here  about  something  different.  When  a  per- 
son begins  to  study  organization,  he  is  quite  apt  to  turn  instinctively 
almost  to  the  study  of  wild  animal  life,  so  I  will  read  what  has  been 
found  thus  far.  In  any  study  of  scientific  organization  the  investigator 
will,  sooner  or  later,  find  his  attention  riveted  upon  the  remarkable  ex- 
amples afforded  by  wild  animal  life,  and  by  nothing  more  striking  and 
suggestive  than  the  communal  life  of  the  honey  bee.  Bee-keeping  rank-; 
among  the  oldest  of  man's  occupations.  The  Egyptian,  Greek  and 
Roman  civilizations  have  left  records  of  it.  To  Pliny,  the  Elder,  the 
hive  appeared  to  be  an  autocratic  kingdom  in  which  a  king  ruled  a 
nation  of  industrious  workers.  Virgil,  although  indulging  in  much 
poetic  fancy  concerning  them,  wrote  more  practically  of  their  lives.  In 
the  present  day,  Maeterlinck  represents  the  philosopher-observer,  to 
whom  the  organization  of  the  life  appears  as  a  foreshadowing  of  the 
human;  while  the  modern,  scientific  bee-keeper  declines  to  speculate, 
preferring  to  regard  bees  as  creatures  of  instinct,  whose  actions  in 
response  to  stimuli  of  their  environment  must  be  understood.  They 
cannot  live  alone;  their  structure  and  instinct  prohibit  it.  But  com- 
munal   life    requires    specialized    workers,    and    so    a    normal    colony    i- 
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composed  of  the  queen,  mother  of  all  the  other  bees,  thousands  of  work- 
ers and  drones.  Each  type  attends  to  its  particular  work  in  a  wonder- 
fully exact  manner,  often  ruthlessly  sacrificing  its  own  members  for 
the   good   of   the  colony. 

A  volume  on  "Bee-keeping,"  by  E.  T.  Philips,  deals  with  the  sub- 
ject in  a  more  practical  manner.  Mr.  Philips  is  a  keeper  of  bees,  and 
his  comments  on  organization  are  of  especial  interest.  He  says  there 
are  several  distinct  points  of  view  and  they  lead  to  irreconcilable  con- 
clusions.    They  cannot  all   be   right. 

"The  student  of  nature  seemingly  tries  to  find  in  bees  a  tvpc  ol" 
intelligence  even  higher  than  that  possessed  by  man.  The  complex  life 
of  bees  offers  to  such  a  type  of  mind  unlimited  opportunities  for  specu- 
lation which  leads  nowhere  and  is  in  fact  a  detriment  to  legitimate 
investigation.  Allied  to  the  just  mentioned  enthusiasts  over  nature  arc 
the  amateur  philosophers  who  hold  up  the  bee  as  a  brilliant  example  of 
industry.  To  all  such  speculative  fancy,  we  may  with  profit  turn  our 
backs. 

"In  studying  the  behavior  of  any  lower  animal,  there  is  but  one 
source  to  which  to  go  for  information.  This  is  found  in  the  stimuli  of 
environment.  If  the  bee  makes  a  visible  movement  in  response  to  a 
stimulus  arising  in  its  environment,  that  visible  movement  and  nothing 
else  is  of  value  in   forming  a  conclusion." 

Lest  we  ramble  too  far  afield,  in  the  beauties  and  intricacies  of 
natural  organization,  we  should  confine  our  efforts  in  the  practical  man- 
ner  described    by    Mr.    Philips. 

Now,  we  have,  of  course,  to  consider  and  compare  the  divisional 
and  departmental  organizations,  Line  and  Staff,  Hinc's  Unit  System, 
and  all  other  forms  that  may  be  presented  by  the  members,  by  the 
different  roads  represented  in  the  Association,  and  these  forms  of  or- 
ganization which  have  been  collected  by  the  Committee.  We  have  a 
great  many  which  I  hope  some  day  to  put  into  your  hands.  It  is  very 
much  desired  that  you  will  contribute  the  experience  and  knowledge 
comprehended  by  the  lives  of  the  members  of  the  Association,  a  tre- 
mendous amount  of  information  useful  in  this  study.  We  have  a  right  to 
that  information.  You  must  contribute  it.  There  is  an  obligation  on 
the  part  of  all  who  are  interested  in  the  welfare  of  others  to  con- 
tribute what  they  have  on  this  important  subject.  I  want  further  to 
call  attention  to  the  type  of  organization  which  pervades  our  thought, 
to  which  most  all  of  us  would  unhesitatingly  subscribe.  That  is  a 
single-headed  organization  of  dominant  leadership.  To  that  we  have 
been  accustomed.  We  probably  all  feel  that  given  a  large  piece  of 
work  to  do,  like  the  building  of  the  Panama  Canal,  the  only  proper  wax 
!<•  handle  it  is  to  put  one  man  in  charge  and  give  him  all  needed  au- 
thority, so  that  he  is  monarch  of  all  he  surveys,  and  he  can  go  ahead, 
not  onlj  efficiently,  but  without  delaj  and  in  .1  proper  manner. 

Now,    are    we    right?      Times    are    peculiar;    things    are    undergoing    a 

change.     To  compare  with  this  we  have  the  representative  organization 

"in    which    the    interests    of    the    primary    units    .iM     paramount       What    do 

you  think  about   it,  or,  did  you  evci    think  of  it  at  all?     Is  it   possible 
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that  we  shall  have  an  efficient  executive  organization  in  which  the 
leadership  shall  be  representative  and  responsive  to  the  primary  units  of 
the  organization?  And  yet  that  is  what  is  being  demanded  throughout 
the  civilized  world  to-day.  That  is  a  real  problem,  a  great  problem,  an 
important  reason  why  this  subject  should  be  taken  up  and  studied  most 
earnestly  by  this  Association  at  this  present  time,  when  there  may  be 
important  need  for  something  of  that  sort.  As  to  how  any  such  thing 
might  best  be  accomplished,  we  haven't  come  to  that  yet,  and  I  dent 
know  when  we  will,  but  it  is  suggested  that  possibly  the  way  to  that 
ultimate  result  is  through  education,  and  that  the  discovery  of  the  art 
of  printing,  through  which  the  dissemination  of  knowledge  has  been 
made  so  free  and  easy,  was  the  death-blow  to  that  strong  dominant 
personal  leadership,  which  in  the  past  has  always  been  the  cause  of 
trouble. 

I  have  some  clippings  that  I  have  made  from  time  to  time  from  the 
press.  One  of  these  is  a  reference  to  a  lecture  made  last  year  at  Cor- 
nell University  by  Mr.  Rockefeller,  in  which  he  is  quoted  thus : 

"Ability  to  deal  amicably  and  successfully  with  labor,  in  preference 
to  capacity  as  organizers  or  financiers,  will  determine  the  selection  in 
future  of  chief  executives  of  important  industrial  corporations.  The 
time  is  rapidly  approaching" — and  this  was  dated  I  think  a  year  ago — 
"when  this  change  will  occur,"  and  he  believed  "the  personal  relation 
in  industry  would  eventually  be  regarded  as  an  important  part  of  col- 
lege courses,  which  aim  to  fit  men  for  business  life." 

Recently  the  papers  say  that  this  type  of  organization  established 
through  his  initiative  with  the  Colorado  Fuel  &  Iron  Company  is  not 
satisfactory  to  labor,  although  strongly  endorsed  by  the  State  Industrial 
Commission.  So  there  you  are.  It  is  the  same  old  question.  There  is 
need  for  study.  If  there  is  anything  better  than  what  we  have,  we 
should  find  it,  and  our  Association  is  eminently  qualified  to  make  progress 
in  this  direction. 

The  President: — Just  at  the  present  time,  when  the  world  has  had 
a  great  object-lesson  in  what  organization  can  do,  this  Committee  cer- 
tainly can  render  a  great  and  wonderful  work,  and  the  Chair  thinks 
Mr.  Himes  has  outlined  a  possibility  of  endeavor  that  we  should  all 
take  to  heart;  it  should  be  our  duty  to  do  anything  wc  can  to  further 
that  interest,  and  one  of  the  primary  steps  is  we  should  study  the 
problem.  We  have  too  many  organizations  to  warrant  the  assertion  that 
any  one  of  them  is  perfect.  We  should  make  a  study  of  the  subject, 
and,  as  Mr.  Himes  says,  if  we  condense  the  information  we  get  from 
the  study  of  them  we  will  get  some  good  results. 

The  Chair  is  of  the  opinion  that  the  thanks  of  the  Association  are 
due  to  Mr.  Himes'  Committee,  and  to  Mr.  Himes  personally. 

If  there  is  no  further  discussion,  the  Committee  will  be  relieved 
with   our  thanks. 


DISCUSSION  ON  WATER  SERVICE. 

(For  Report,   see  pp.    213-242.) 

Mr.  A.  F.  Dorley  (Missouri  Pacific)  : — The  instructions  to  the  Com- 
mittee are  given  on  page  213  of  Bulletin  202. 

Subject  (1)  was  placed  in  the  charge  of  a  Sub-Committee,  of  which 
Mr.  Campbell  was  Chairman.  The  revisions  suggested  are  to  be  found 
on  page  217  under  Appendix  A.  In  two  of  the  articles,  the  Commit- 
tee recommends  some  decided  changes  in  the  essence  of  the  subject- 
matter  in  the  Manual,  but  the  other  revisions  consist  of  changes  or 
improvements  in  the  diction  only,  and  involve  only  minor  changes  in 
the  recommended  practice.  The  two  articles  in  which  the  Committee 
recommends  a  decided  change  are  (first)  :  Article  13  on  page  219.  The 
Manual  now  reads :  "The  greatest  disadvantage  in  treating  water  is 
the  increased  tendency  to  foam,  due  to  the  reaction  of  soda  ash  on  the 
sulphates  of  lime  and  magnesia." 

It  is  recommended  that  this  article  be  omitted.  The  Committee 
is  of  the  opinion  that  the  difficulties  with  treated  water  are  more  imaginerv 
than  real  and  are  frequently  exaggerated.  As  a  result,  sharp  contro- 
versies between  the  Mechanical  Department,  or  those  responsible  for 
the  performance  of  locomotives  on  the  road,  on  the  one  hand,  and  the 
Engineering  Department,  or  those  responsible  for  the  handling  of  water 
treating   plants,    on   the   other    hand,    have    been    very    frequent. 

When  the  treatment  of  water  on  American  railroads  was  first 
undertaken  those  who  engaged  in  it  acted  cautiously,  and  the  treat- 
ment of  water  was  usually  limited  to  the  point  where  foaming  would 
not  occur;  but,  gradually,  roads  have  gone  to  the  practice  of  carry- 
ing the  treatment  to  the  extent  of  removing  all  incrusting  solids,  ami 
they  have  found  that,  by  a  proper  education  of  the  engincmen  in  the  han- 
dling of  waters  inclined  to  foam — it  is  quite  a  trick  to  do  it — and  with  a 
judicious  use  of  anti-foaming  compound,  nearly  all  waters  can  be  handled, 
even    though    treated    without   respect    to    the   content    of    foaming    solids 

The  article,  just  quoted  from  the  Manual,  is  frequently  used  by  those 
not  friendly  disposed  to  water  treatment  as  an  adverse  argument,  and 
inasmuch  as  Article  5,  whose  revision  is  given  at  the  ton  of  page  218,  has 
already  referred  to  the  increased  tendency  to  foam,  due  to  the  soluble 
salts  that  are  brought  about  by  the  treatment  with  soda  ash,  we  believe 
this  article  should  be  omitted.  I  move,  Mi  President,  that  this  article  be 
omitted   from   the    Manual. 

The  President:     If  there  is  no  objection  the  omission  of  this  mattei 

is  approved. 

Mr.    Dorley:-   The    second    article    in    which    the    Committee    made    a 

decided  change  is  on  page  220,  under  the  head  of  "Foaming  and  Priming," 
reading  as  follow  s  i 

"Manual,  Foaming  from  treated  watei  is  due  to  the  presence  A 
■odium   -alts,  as  a  result  of  treatment   foi    incrusting   sulphates,  together 
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with  such  quantities  of  the  alkali  salts  which  may  have  been  present  in 
the  raw  water.  This  condition  is  aggravated,  and  to  a  large  extent  due  to 
the  presence  of  suspended  matter  in  the  water. 

"Concentration  of  foaming  solids  in  locomotive  boilers  reaches  the 
critical  point  at  about  100  grains  per  gallon.  Concentration  above  this 
point  must  be  avoided  by  changing  the  water,  or  else  trouble  from  foam- 
ing will  be  experienced." 

We  find  this  article  also  is  frequently  used  as  an  adverse  argument 
by  those  not  friendly  disposed  to  water  treatment,  and  we  believe  this 
Association  should  not  continue  on  record  as  saying  that  trouble  can  be 
expected  when  a  concentration  of  100  grains  per  gallon  is  reached,  in 
view  of  the  fact  that  many  boiler  waters  contain  as  much  as  200  grains 
per  gallon  and  these  waters,  in  the  absence  of  suspended  matter,  are  suc- 
cessfully used. 

The  Committee  recommends  the  change  contained  in  the  suggested 
revision  found  on  the  following  page,  221,  and  that  this  paragraph  he 
made  to  read : 

"Concentration  of  foaming  solids  in  locomotive  boilers  reaches  the 
critical  point  between  100  and  200  grains  per  gallon,  depending  upon  the 
character  of  the  foaming  solids  and  the  amount  of  suspended  matter  in 
the  water.  To  prevent  foaming,  the  concentration  must  be  kept  below  that 
point." 

This  means  that  in  any  particular  water  the  concentration  must 
be  kept  below  its  critical  point,  which  may  he  anywhere  from  100  to  200 
grains  per  gallon. 

That  is  the  meaning  of  this  paragraph. 

I  move  that  this  change  be  adopted. 

The  President: — If  there  is  no  objection,  the  suggested  revision  will 
stand  approved. 

Mr.  Dorley : — The  report  on  subject  (2)  covering  "Methods  for  com- 
plying with  federal  regulations  in  regard  to  purity  of  drinking  water 
supplied  to  trains,"  has  bad  the  attention  of  Mr.  Bardwell,  chairman  of 
the  Sub-Committee,  who  prepared  the  report.  This  report  shows  the  de- 
velopments during  the  past  year  in  the  federal  regulations  governing 
drinking  water  supplied  to  passengers  on  trains.  I  call  particular  at- 
tention to  the  last  paragraph  in  which  reference  is  made  to  a  conference 
of  state  health  authorities  that  the  Public  Health  Department  intends 
to  call.  We  are  told  the  main  purposes  of  this  conference  will  be  to 
secure  a  little  closer  coordination  between  the  federal  health  authorities 
and  those  of  the  states.  In  the  past  there  has  not  been  as  close  co- 
operation as  there  should  be.  Unless  the  I.oard  of  Direction  instructs 
otherwise,  the  Committee  will  make  a  report  next  year  of  what  takes 
place  at  this  conference. 

()n  subject  (3),  "Make  final  report  on  design  of  impounding  reser- 
voirs, and  conditions  under  which  they  are  economical,''  the  Committee 
reports   progri 
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The  report  on  subject  (4),  "Relative  merits  of  continuous  and  inter- 
mittent water  softeners,"  will  be  found  in  Appendix  C,  on  page  224. 
After  a  railway  has  decided  to  undertake  water  purification,  either  on  an 
entire  district  or  at  particular  points,  the  most  important  question  to 
decide  is  the  type  of  softener  to  be  used.  As  a  rule,  when  railways 
begin  water  purification  they  have  not  a  developed  plant  of  their  own 
and  they  naturally  turn  to  the  manufacturers  of  water  softeners  for 
advice   and  counsel. 

You  will  find  near  the  bottom  of  page  224  a  statement  as  follows: 
"The  continuous  type  of  plant  seems  to  predominate ;  about  70  per  cent. 
of  the  total  number  of  plants  installed  being  of  that  character." 

This  would  seem  to  indicate,  at  first  glance,  a  decided  advantage  of 
the  continuous  type  over  the  intermittent  type,  which  is  not  entirely  borne 
out  by  practice. 

As  I  said  before,  a  road,  when  it  begins  water  purification,  usually 
seeks  help  from  the  manufacturers  of  water  softeners  and  the  deciding 
factor  is  too  often  one  of  price  and  skilful  salesmanship.  The  inter- 
mittent plants,  while  they  constitute  30  per  cent,  only  of  the  total  num- 
ber in  service,  have  some  advantages  not  found  in  continuous  types,  par- 
ticularly the  merit  of  simplicity  and  freedom  from  intricate  parts.  The 
report  attempts  to  show  those  advantages  of  each  type  which  render  :.t 
more  suitable  than  any  other  for  particular  conditions.  The  report  is 
offered  as  information  only,  with  the  hope  that  it  may  be  of  service  to 
railroads  that  arc  about  to  install  water  softeners. 

Report  on  subject  (5),  "Rules  or  examination  questions  for  care  of 
boilers  in  pumping  stations,"  will  be  found  in  Appendix  D,  page  221. 
This  is  supplemental  to  the  report  on  this  subject  made  last  year,  but 
unfortunately  there  was  some  misunderstanding  between  the  Committee 
and  tbe  printer,  resulting  in  the  report  as  printed  being  somewhat  in- 
complete. 

We  would  like  to  offer  for  your  consideration  and  for  insertion  in 
the  Manual,  a  part  of  this  report,  for  instance,  the  subject-matter  coming 
under  the  subhead,  "Duties  of  attendant." 

The  President: — If  there  is  no  objection,  we  will  read  these  sub- 
jects in  Appendix;  I)  by  title  only,  giving  a  sufficient  time  for  members 
to  make  comments.  If  there  is  no  comment,  the  matter  will  stand  ap- 
proved. 

(Mr.  Dorley  then  read  the  paragraphs  in  Appendix  I  >,  to  the  top 
of  page  229.) 

Mr.  Dorley :— We  do  not  offer  the  examination  questions  on  page 
229  for  insertion  in   the   Manual. 

After  the  first  paragraph  under  subheading,  "Water  columns  or 
standpipes,"  a  subheading  has  been  omitted  in  error.  Tbe  remaining 
matter  beginning  with  "Motor,  control  and  pump,"  etc.,  should  have  the 
subheading  "Electric  Motors,"  and  the  first  paragraph  of  the  subdivision 
"•lunild   icad  : 
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"The  motor,  control  and  pump  should  be  inspected  at  least  once  each 
week,  at  which  times  the  parts  should  be  thoroughly  cleaned  and  all 
contacts  carefully  inspected  to  sec  that  they  make  and  break  at  the 
proper  time  and  that  contact  surfaces  are  clean.  All  wearing  parts  should 
be  well  lubricated  and  special  attention  should  be  given. to  motor  bear- 
ings. Building  where  motor  is  located  should  be  kept  clean.  No  papers 
or  oily  waste  allowed  to  collect  in  switch  boxes  or  near  motor  or  near 
any  electrical  contact  or  wires." 

The  remainder  of  the  subdivision  we  submit  as  printed  on  page  230. 

Mr.  H.  R.  Safford  (Grand  Trunk)  : — Does  the  Committee  desire  to 
have  referred  back  the  subject-matter  on  page  229  which  they  did  not 
offer  for  adoption  at  this  time? 

Mr.  Dorley : — Yes,  we  would  like  that  referred  back.  There  are 
three  sets  of  questions.  We  submitted  two  sets  last  year  and  these  are 
additional  questions  covering  the  care  of  electrically  operated  pumps. 
It  is  the  intention  of  the  Committee  to  submit  the  three  lists  in  complete 
form  next  year. 

The  President: — There  being  no  comment,  the  subject-matter  as  read 
by  title  by  the  Chairman  of  the  Committee,  will  be  approved  and  in- 
serted in  the  Manual. 

Mr.  Dorley:— The  report  on  subject  (6),  "Organization  for  rail- 
way water  service  departments,"  will  be  found  on  page  231. 

In  the  handling  of  this  subject  the  Sub-Committee,  of  which  Mr. 
Knowles  is  chairman,  sent  out  inquiries  to  a  large  number  of  roads  to 
ascertain  what  organization  is  used  by  the  various  roads  for  handling 
matters  pertaining  to  water  service.  It  was  found  that  the  practice  with 
reference  to  the  care  of  water  service  varies  more  widely  on  American 
railroads  than  perhaps  any  other  branch  of  the  service.  On  page  233 
the  Committee  submits  a  chart  showing  a  typical  organization  that,  with 
some  modifications,  we  believe  can  be  made  to  fit  into  the  existing  or- 
ganization of  practically  any  road,  the  personnel  now  having  the  care 
and  operation  of  water  stations  in  hand  being  used  as  the  nucleus  of  the 
organization.  A  few  large  roads  only  have  a  distinct  water  department 
and  the  results  secured  on  these  roads  prompt  the  Committee  to  recom- 
mend that  an  organization  built  up  along  these  lines  be  considered  on 
other  railroads. 

For  the  time  being,  the  report  is  offered  to  the  Association  as  infor- 
mation only. 

Also,  as  information  to  those  upon  whom  devolves  the  problem  of 
organizing  division  water  works  gangs,  we  give  in  this  Appendix  a  sug- 
gested personnel,  and  a  list  of  tools,  for  a  typical  water  works  construc- 
tion gang. 

Report  on  subject  (7),  "Definitions  of  terms  used  in  railway  water 
service,"  will  be  found  in  Appendix  F,  page  237.  The  Committee  offers 
these  definitions  for  insertion  in  the  Manual. 

Mr.  Safford: — There  will  be  no  reprint  of  the  Manual  for  another 
year.  It  occurs  to  me  it  will  be  better  to  receive  the  definitions  as  in- 
formation to  be  acted  upon  finally  for  the  Manual  at  the  next  convention. 
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The  President : — A  supplement  to  the  Manual  is  issued  each  year,  and 
this  matter  should  be  incorporated  in  it.  If  the  Committee  have  no  ob- 
jection, however,  and  wish  to  bring  this  in  next  year,  I  do  not  think 
anything  would  be  lost. 

Mr.  Dorley : — We  prefer  to  have  it  inserted  in  the  Supplement. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — Under  the  rules  we  are 
not  allowed  to  discuss  definitions  on  the  floor  of  the  convention,  and 
therefore  we  are  forced  into  the  position  of  taking  these  definitions  as 
they  are,  or  rejecting  them.  We  have,  however,  a  good  precedent  in  the 
case  of  the  report  of  the  Committee  on  Buildings,  which  submitted  its 
report  with  the  distinct  understanding  that  the  definitions  would  be  open 
for  discussion  for  a  year,  and  I  think  it  is  a  good  course  to  pursue. 

Prof.  A.  N.  Talbot  (University  of  Illinois)  : — With  reference  to  the 
first  definition,  "Artesian  Well,"  I  call  attention  to  the  fact  that  this  is  the 
old  definition  of  artesian  well,  a  flowing  well,  but  in  modern  practice 
we  include  in  the  term  "Artesian  Well"  any  well  in  which  the  water  rises 
a  considerable  distance  above  the  level  of  the  stratum  from  which  it 
comes.  It  need  not  be  a  flowing  well.  The  Association  will  be  going 
against  what  is  pretty  well-established  practice  if  this  definition  is  adopted. 

The  President : — The  Chair  thinks  Mr.  Lindsay's  position  is  correct 
and  he  is  personally  of  the  opinion  that  the  Association  will  yet  get  to 
the  point  where  the  material  that  goes  into  the  Manual  will  be  subject  to 
letter-ballot. 

I  may  say  also  that  we  had  wells  which  were  artesian  wells  to  start 
with,  but  arc  not  artesian  wells  now,  according  to  this  definition — exactly 
the  same  water,  coming  from  the  same  source,  but  changed  during  the 
time  of  operation. 

The  Committee  says  that  they  will  be  able  to  take  this  matter  up 
during  the  year  if  the  members  will  really  give  them  suggestions  that  the 
report  can  be  put  in  shape  so  that  it  can  be  adopted  next  year.  They 
will  also  take  into  consideration  Professor  Talbot's  definition  of  artesian 
wells,  or  rather  his  comment  regarding  them. 

There  being  no  objection,  the  approval  of  this  matter  will  be  post- 
poned one  year,  and  will  be  reported  then  with  the  corrections.  This 
will  apply  to  all  the  definitions. 

Mr.  Dorley: — Appendix  G  covers  the  subject  of  "Pollution  of  wells 
from  overlying  or  adjacent  cinder  deposits."  Tt  is  generally  known  that 
deposits  of  cinders  such  as  arc  usually  found  in  railroad  terminals  idd 
a  perceptible  pollution  to  water  with  which  they  come  in  contact,  but  it 
Iras  not  been  expected  that  the  effect  would  be  as  far-reaching  as  they 
were  found  to  be  in  East  St.  Louis,  where  .1  perceptible  contamination 
to  underlying  ground  waters  was  directly  traceable  to  overlying  beds  of 
cinders.  The  letter  of  Mr.  W.  C.  Curd,  given  on  page  240,  is  included 
in  this-  report  as  information.  Next  year  the  Committee  experts  to  offer 
BOme   additional    information    on    the    subjert. 

The  President: — There  being  nb   further  discussion,  the  Committee 
dismissed  with  the  thanks  of  the    Association   for  the  good  work   it 

has  done. 
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(For  Report,   see   pp.   207-211.) 

Mr.  W.  A.  Christian  (Interstate  Commerce  Commission)  : — The  re- 
port of  your  Committee  on  Records  and  Accounts  has  one  merit — that 
of  brevity.  This  'Iocs  not  imply,  however,  that  the  Committee  has  been 
inactive  during  the  past  year.  On  the  contrary,  a  very  large  amount  of 
work  has  been  devoted  to  several  of  the  twelve  subjects  assigned  to  the 
Committee,  but  it  has  not  been  considered  feasible  to  present  the  data 
at  this  time. 

One  subject  your  Committee  desires  the  convention  to  dispose  of, 
and  that  is  the  "Specifications  for  Maps  and  Profiles,"  which  were  pre- 
sented a  year  ago,  but  held  over  for  the  purpose  of  giving  the  members 
ample  opportunity  to  study  the  specifications  and  criticize  them  before 
placing  them   in   the  Manual. 

These  specifications  for  maps  and  profiles  have  not  been  reprinted 
in  this  year's  report,  but  they  are  to  be  found  on  pp.  759-768;  of  Volume 
18  of  the  Proceedings  for  1917. 

The  Committee  has  received  no  comments  on  these  specifications 
during  the  year,  and  now  recommends  that  they  be  approved  and  pub- 
lished in   the   Manual. 

The  President: — In  justice  to  the  Committee  it  would  be  no  more 
than  fair  that  definite  action  be  taken  at  this  time  in  regard  to  their 
recommendation. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — Has  the  Commit- 
tee considered  in  this  connection  Map  Order  No.  1  of  the  Bureau  of 
Valuation,  and  is  there  agreement  between  the  requirements  of  that 
Order   and   these   specifications? 

Mr.  Christian: — Map  Order  Xo.  1  issued  by  the  Interstate  Com- 
merce Commission  was  considered  by  the  Committee  when  these  specifica- 
tions were  drawn  up,  and  it  will  be  noted  that  they  contain  abstracts 
from  that  Order. 

Mr.  \Y.  C.  Gushing  (Pennsylvania  Lines)  : — That  is  the  reason  that 
we  do  not  want  to  accept,  as  far  as  our  road  is  concerned,  these  recom- 
mendations. \\  c  find  in  examination  of  the  specifications  that  they  do 
conform  to  the  Map  Order  of  the  Bureau  of  Valuation,  and  we  find  the 
sizes  specified  in  that  map  order  arc  not  suitable  for  our  records,  and 
we  therefore  have  some  objection,  which  I  will  not  go  into  in  detail  now, 
on    that   account. 

The  President: — Is  your  objection  based  on  the  matter  of  di- 
mensions ? 

Mr.   Cushing: — Yes. 

The  President: — Would  it  meet  your  objection  if  blank  spaces  were 
left   for  the  dimensions? 

Mr.   Cushing: — Yes. 

Mr.  Christian  :  —  In  reply  to  Mr.  Cushing's  objection,  the  Committee 
desires    to    state    that    in    formulating    the    specifications    for    maps    and 

lin.i 
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profiles  it  had  in  mind  the  question  of  determining  on  a  standard  size 
for  such  maps  and  profiles.  At  the  present  time  there  is  no  uniformity 
in  this  respect  on  the  various  roads,  some  roads  using  large  and  others 
smaller    sheets. 

By  reference  to  Appendix  A,  it  will  be  noted  that  it  is  the  endeavor 
of  the  Committee  to  get  away  from  the  practice  of  using  different  size 
forms  and  to  advocate  uniformity.  The  Committee  would  like  to  see  the 
recommendations  in  regard  to  maps  and  profiles  adopted. 

The  President : — The  motion  is  that  the  Specifications  for  Maps  and 
Profiles,  submitted  by  the  Committee  in  1917,  and  shown  on  pp.  759-768 
of  Volume  18  of  the  Proceedings,  be  approved  and  published  in  the 
Manual. 

(The  motion  carried.) 

Mr.  Christian: — In  the  Proceedings  for  1916,  Volume  17,  the  Com- 
mittee presented  such  information  in  regard  to  methods  lor  reproducing 
maps  and  profiles  on  tracing  linen  for  permanent  record,  as  it  was  pos- 
sible to  obtain  up  to  that  time.  Since  that  report  was  submitted  there 
have  been  no  new  developments  along  that  line,  and  we  therefore  sug- 
gest that  wc  be  relieved  from  a  further  consideration  of  the  subject. 

The  President: — The  suggestion  will  be  taken  cognizance  of  by  the 
Committee  on   Outline  of  Work. 

Mr.  Christian: — In  Appendix  A  the  Committee  makes  a  suggestion 
that  more  consideration  be  given  to  the  matter  of  reducing  the  number 
of  forms  used  in  the  maintenance  of  way  department  of  railroads.  Also. 
suggesting  that  the  sizes  of  forms  be  standardized  as  far  as  practicable. 

As  illustrating  the  first  point,  it  is  related  that  an  executive  officer, 
on  taking  charge  of  a  certain  department  on  a  large  railway  system, 
looked  into  the  question  of  blanks,  and  after  a  careful  study,  reduced  the 
number  of  forms  from  1600  to  beween  500  and  600.  This  large  reduction 
not  only  effected  a  substantial  saving  in  printing,  but  also  facilitated  the 
work  of  the  department. 

With  reference  to  the  second  suggestion,  the  standardizing  of  station- 
ery and  blanks,  a  material  saving  can  be  effected  by  reducing  the  si/es  of 
many  forms  to  letter-size  sheets.  This  size  is  more  convenient,  and  field- 
men  prefer  it  to  the  cumbersome  forms  used  for  some  purposes.  The 
letter-size  form  also  lends  itself  readily  to  filing  in  any  ordinary  file  uim'. 

The  same  argument  applies  to  certain  plans,  which  can  be  shown  to 
advantage  on  letter-size  sheets,  instead  of  the  large  sheets  of  blueprints 
m>   familiar  to  railroad   men. 

The  suggestions  of  the  Committee  art-  will  worths  of  consideration, 
especially  at  this  time,  when  there  is  a  serious  shortage  of  paper  for 
all  purposes. 

The  President:    The  Committee  on  Outline  of  Work  will  i>car  that 

suggestion    in    mind. 

Mi  C.  E  Lindsay  (New  York  Central):  1  would  like  to  a^k-  for 
information  if  tin-  sheel  seventeen  by  twenty-two  is  a  generally  recog- 
nized  tride   size? 
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Mr.  Christian : — Seventeen  by  twenty-two  is  a  standard  size  com- 
mercial paper,  and  cuts  without  waste  into  letter-size  sheets  of  8^2  by 
11  inches. 

Mr.  dishing: — On  reading  this  recommendation  of  the  Committee, 
I  took  it  up  with  the  Purchasing  Agent  of  our  line  because  of  the  fact 
we  use  8  by  10^  sheets  as  standard  size,  and  pointed  out  to  him  that 
he  was  wasting  money  by  using  that  size,  but  he  informed  me  that  I 
was  entirely  wrong,  that  he  was  saving  money,  because  we  were  such 
large  consumers  of  paper  there  was  no  difficulty  in  obtaining  the  size 
required  to  produce  8  by  10J-4. 

It  occurs  to  me  that  all  that  is  necessary  will  be  for  the  railroads 
to  unite  on  a  standard  size,  and  the  manufacturers  will  make  it,  and 
that  will  become  the  trade  size.  There  is  certainly  less  paper  in  8  by 
\0J/2  than  Sz/2  by  11,  and  if  we  do  not  need  that  extra  half  inch  for  our 
correspondence,  we  had  better  adopt  the  smaller  size. 

Mr.  J.  L.  Pickles  (Duluth,  Winnipeg  &  Pacific)  :— I  may  be  a  little 
out  of  order  on  this  line,  but  I  would  like  to  suggest  that  the  Com- 
mittee take  up  the  matter  of  having  catalogues  brought  to  standard 
size.  We  like  to  file  these  catalogues  and  our  office  files  look  more  like 
a  Kansas  cyclone  chicken  than  anything  else  you  can  think  of.  I  also 
think  it  comes  within  the  line  of  conservation  of  our  natural  resources. 

The  President : — Commercial  houses  have  given  that  matter  atten- 
tion, and  have  endeavored  for  years  to  bring  about  uniformity  in  the 
sizes  of  catalogues  without  much  success. 

The  suggestion  of  Mr.  Cushing  is  a  pertinent  one,  and  the  Com- 
mittee on  Outline  of  Work  will  consider  it. 

If  there  is  no  further  discussion  on  this  report,  the  Committee  will 
be  relieved,  with  the  thanks  of  the  Association. 
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Mr.  E.  B.  Katte  (New  York  Central)  : — Mr.  President  and  gentle- 
men: Ten  subjects  have  been  assigned  by  the  Board  of  Direction  to 
the  Committee  on  Electricity,  and  these  subjects  have  been  considered 
by  seven  Sub-Committees.  Three  of  the  Sub-Committees  are  reporting 
progress   and   the   others   are  submitting   reports   briefly   as    follows : 

The  Revision  of  the  Manual  is  confined  to  the  suggestion  of  28  elec- 
trical definitions.  Some  of  these  are  already  contained  in  the  Manual, 
but  are  slightly  rearranged.  Others  are  proposed  new  definitions,  while 
still  a  third  class  are  taken  from  the  definitions  of  the  American  In- 
stitute of  Electrical  Engineers.  The  Committee  in  this  connection  recom- 
mends not  the  formal  adoption,  at  this  time,  of  these  definitions,  but 
rather  that  they  be  tentatively  accepted  and  that  during  the  next  year, 
members  with  suggestions  to  offer  send  revised  definitions  to  the  Com- 
mittee and  they  will  be  considered  in  time  for  final  action  at  the  next 
annual  meeting. 

The  Sub-Committee  on  Third-Rail  and  Overhead  Clearances  submit 
a  progress  report,  with  tables  brought  up  to  date  showing  third-rail 
clearances  and  overhead  clearances,  which  appear  in  the  report  on  pp.  549 
to  555. 

The  Transmission  Line  and  Overhead  and  Underground  Crossings 
Sub-Committee  have  submitted  a  report  on  the  proper  type  of  overhead 
catenary  construction,  with  particular  reference  to  the  consideration  of 
providing  clear  vision  for  signals,  cooperating  with  the  Committee  on 
Signals  and  Interlocking.  This  Committee's  report  consists  largely  of 
photographs  illustrating  quite  well  the  different  types  of  construction. 

There  is  no  report  from  the  National  Joint  Committee  on  Overhead 
and  Underground  Line  Construction,  for  the  reason  that  this  Sub-Commit- 
tee has  practically  been  dissolved.  There  has  been  no  meeting  since  1915; 
the  work  has  been  taken  up  by  the  United  States  Bureau  of  Standards 
and  reflected  in  the  proposed  National  Electrical  Safety  Code,  which  is 
discussed  later  in  this  report. 

The  Sub-Committee  on  Electrolysis  and  Insulation  have  nothing  to 
offer  on  the  subject  of  electrolysis  proper,  for  the  reason  that  our 
energies  have  heretofore  been  exerted  in  connection  with  the  American 
Committee  on  Electrolysis  and  last  year  printed  a  long  preliminary  re 
port.  That  committee  has  ceased  holding  meetings  for  the  duration  of 
the  war. 

In  the  matter  of  Insulation,  the  Committee  was  somewhat  undecided 
as  to  just  what  was  required,  whether  the  Board  of  Direction  referred 
i"  all  types  of  insulation,  or  only  to  the  insulating  of  structures  from 

trolysis,   and   asks    for    further  instructions. 

Another  subject  assigned  to  the  Committee  was  the  electrolytic  effect 

on    concrete    in    salt    water.       We    are     fortunate    in    having     Mr     Martin 
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Schreiber  as  one  of  our  members.  Mr.  Schreiber  has  done  a  great  deal  of 
work  in  this  connection  and  the  report  on  this  subject  was  written  by 
him. 

The  Sub-Committee  on  Maintenance  Organization  and  relation  to 
Track  Structures  presented  quite  a  complete  report  last  year  and  this 
year  merely  report  progress. 

The  Water  Power  Sub-Committee  is  a  very  important  one,  and  so 
far  has  reported  nothing  but  progress,  and  asks  to  be  continued  in  order 
that  they  may  cooperate  with  other  committees  of  the  Association. 

The  Sub-Committee  on  Electrical  Interference  reports  progress  and 
asks  that  the  subject  be  continued. 

A  special  subject  was  assigned  during  the  Summer  by  the  Secre- 
tary to  the  Committee,  being  "The  Contract  Form  on  Location  of  Power 
Lines  and  Wires  on  Railroad  Companies'  Rights-of-way."  The  Com- 
mittee has  not  been  able  to  get  very  far  with  this  subject  and  recom- 
mends that  it  be  referred  to  a  committee  composed  of  members  from 
the  proper  standing  committees  of  the  American  Railway  Association 
and  the  American  Railway  Engineering  Association. 

The  main  subject  upon  which  we  report  is  the  proposed  National 
Electrical  Safety  Code.  Your  Committee  has  been  working  on  this  Code 
for  the  past  two  or  three  years.  The  various  members  have  had  the 
advantage  of  meeting  quite  frequently  with  Dr.  E.  B.  Rosa,  Chief-Physicist 
of  the  Bureau  of  Standards,  and  members  of  the  Committee  have  at- 
tended several  public  conferences. 

The  Committee  has  received  the  suggestions  of  21  railroad  officials, 
and  in  many  cases  these  suggestions  or  comments  reflect  the  advice  of 
a  staff  of  technical  advisers  specialized  in  this  subject. 

The  Code  as  a  whole  has  been  received  very  favorably  by  the 
engineers  of  the  various  railroads.  It  is  helpful  and  a  good  work.  Rail- 
road engineers  have  two  principal  criticisms  to  make,  and  these  objec- 
tions have  been  consistently  urged  ever  since  the  Code  was  first  consid- 
ered. The  first  is  in  the  matter  of  clearances;  the  Code  proposes  to 
reduce  railroad  standard  clearance;  and  the  second  is  a  structural  objec- 
tion. The  Code  permits  the  use  of  lighter  structures  carrying  wires 
over  railroad  companies'  rights-of-way  than  is  specified  by  the  Associa- 
tion, and  your  Committee  feels  that  the  Code,  being  a  Government  docu- 
ment, its  requirements  should  be  at  least  as  high  as  railroad  standards. 
The  Code  is  a  safety  code.  Our  crossing  specifications  are  construc- 
tional specifications.     They  do  not  interfere  one  with  the  other. 

The  Committee  is  not  suggesting  that  our  crossing  specification  be 
used  as  a  substitute  for  the  Code,  but  we  do  feel  that  there  should  be 
nothing  in  the  Code  that  will  reduce  our  standards. 

It  has  been  pointed  out  that  our  crossing  specification  is  not  a  per- 
fect specification.  It  is  not.  It  has  been  revised  in  the  past  six  years, 
three  or  four  times,  and  your  Committee  is  considering  a  further  revision 
which   will   probably   be  made  this  coming  year,   but  the   standards   will 
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not  be  reduced.  We  will  make  the  revisions,  cooperating  with  the  Amer- 
ican Railway  Association  and  the  American  Electric  Railway  Engineering 
Association,  thus  the  three  railroad  associations  will  continue  to  have  the 
same  specification  for  wire  and  cable  crossings. 

Since  the  report  was  written,  an  additional  suggestion  has  been  made, 
which  I  will  read,  as  it  is  not  contained  in  the  printed  report.  It  appears 
that  there  is  nothing  in  the  Code  which  limits  the  number  of  supply  and 
signal  lines  crossing  electrified  railroads  on  wooden  poles,  and  the 
following  additional  rule  is  suggested : 

"Rule  235,  page  97,  of  the  Code,  paragraph  (f)  :  Wood  poles  shall 
not  be  used  in  grades  of  construction  A,  B,  and  C  for  supply  or  signal 
lines  crossing  electrified  railways,  using  overhead  contact  conductors  and 
employing  voltages  in  excess  of  750  volts,  where  the  number  of  wires 
in   the  crossing  span  exceed  24." 

Cross-reference  to  this  requirement  should  appear  after  Rules  261 
and  282. 

For  your  convenience  in  considering  the  subject,  I  will  read  the  con- 
clusion in  regard  to  the   Code. 

(Mr.  Katte  then  read  the  matter  headed  "General  Conclusions  in 
Regard  to  the  Code"  on  page  581.) 

Mr.  Katte: — I  think  most  of  you  are  more  or  less  familiar  with  the 
Code.  It  is  quite  a  voluminous  publication,  and  is  a  safe  guide  in  elec- 
trical construction  work,  but  it  is  very  difficult  for  the  average  railroad 
engineer  to  use  it  as  a  specification,  because  of  the  many  cross-references. 

With  this  explanation  of  the  report,  I  will  proceed  to  the  recommen- 
dations. 

(Mr.   Katte  read  the  recommendations  on  page  581.) 

The  President: — The  Committee's  report  on  subject  No.  1  is  ac- 
cepted as  information  and  will  be  published  in  the  Proceedings. 

The  Board  will  take  the  action  suggested  in  reference  to  the 
second. 

The  Board  will  comply  with  the  request  in  regard  to  the  third  and 
fourth  recommendations. 

(After  the  fifth  recommendation.) 

The  Board  will   also  comply  with   that   request. 

The  sixth  recommendation  is  a  subject  on  which  there  seem  to  be 
some  differences  of  opinion,  and  with  the  permission  of  the  convention, 
the  Chair  will  call  upon  Mr.  Morton  G.  Lloyd,  Electrical  Engineer  of 
the  Bureau  of   Standards,  to  open  the   discussion. 

Mr.  Morton  G.  Lloyd  (Bureau  <>f  Standards)  : --Mr.  President  and 
gentlemen,  I  note  with  interest  the  detailed  criticisms  of  the  National 
Electrical  Safety  Code  contained  in  the  report  of  the  Committee  on  Elec- 
tricity,  and  wish  to  say  for  the  Bureau  Of  Standards  that  we  shall  he 
mis  ejad.  indeed,  to  g6  over  these  suggestions  and  give  them  full  con- 
sideration in  revising  the  Code  for  the  nexl   edition. 

In  presenting  matters  of  this  kind  to  the  Bureau  for  consideration, 
it   will   be  greatly   appreciated   and   suggestions   will   carry   a   treat   deal 
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more  weight,  if  they  are  accompanied  by  the  citation  of  specific  in- 
stances which  have  arisen  in  your  experience  covering  the  point  involved. 
Where  an  accident  has  occurred  at  some  definite  place  due  to  the  lack 
of  some  provision  which  should  be  incorporated  in  the  Code,  or  which 
involves  a  change  in  the  present  rule  of  the  Code,  a  statement  of  such 
fact  will  carry  a  great  deal  more  weight  than  a  mere  expression  of 
opinion,  even  though  that  opinion  is  based  upon  general  experience  and 
judgment. 

The  report  of  the  Committee  refers,  for  instance,  to  the  matter  of 
clearances.  This  is  a  subject  to  which  we  have  been  giving  particular 
attention  lately,  and  we  have  been  obtaining  the  opinions  of  different 
Engineers  on  the  present  requirements.  I  want  you  all  to  realize  that 
the  edition  of  the  Code,  which  is  now  in  circulation,  is  not  a  final 
one,  and  it  is  expected  that  some  of  the  rules  will  be  modified  in  later 
editions.  We  find  that  while  almost  everyone  has  some  definite  opinion  to 
give,  there  are  very  few  who  come  back  to  us  with  actual  instances  in  which 
the  particular  item  is  involved,  and  when  they  do  it  carries  a  great  deal 
more   weight   than   a   mere    expression   of   opinion. 

We  should  be  very  glad,  indeed,  to  have  the  suggestion  of  the  Com- 
mittee carried  out  in  regard  to  coming  to  Washington  and  consulting 
with  us  personally  in  regard  to  this  matter. 

In  regard  to  the  comparison  which  is  made  in  the  report  between  the 
A.  R.  E.  A.  specifications  for  overhead  crossings  of  electric  light  and 
power  lines  and  the  rules  of  the  Electrical  Safety  Code,  I  am  append- 
ing to  my  remarks  a  detailed  list  of  what  I  regard  as  omissions  or  errors 
in  this  comparison,  but  I  want  to  point  out  now  a  few  matters  which 
will  illustrate  that  this  comparison  is  not  as  accurate  as  we  should  like 
to  have  it,  and  that,  in  fact,  it  does  not  do  justice  to  the  Safety  Code 
in  that  respect. 

In  regard  to  splicing,  for  instance,  it  is  stated  that  the  Safety  Code 
does  not  prohibit  splicing  in  the  span  next  to  the  crossing,  whereas  the 
A.  R.  E.  A.  specification  does.  In  a  sense  that  statement  is  correct  and 
in  another  sense  it  is  very  misleading.  The  Code  has  a  rule  against 
splices  in  the  next  span  where  they  can  be  avoided,  but  does  not  absolutely 
prohibit  them.  In  other  words,  it  takes  care  of  the  case  where  it  is  not 
possible  to  avoid  splicing  at  such  places.  For  instance,  suppose  you  were 
running  a  line  across  the  south  side  of  Chicago,  where  at  every  second 
or  third  span  you  had  to  cross  either  a  steam  or  an  electric  railway.  There 
is  a  limit  to  the  length  of  wire  on  your  reel,  and  a  splice  must  be  made 
somewhere.  In  the  A.  R.  E.  A.  specification  you  are  not  allowed  to 
make  it  in  either  the  crossing  span  or  the  next  span,  and  there  are  no 
other  spans  in  which  to  make  it,  so  what  is  a  wireman  going  to  do  when 
he  comes  to  the  end  of  the  wire?  In  the  A.  R.  E.  A.  specification  there 
is  no  choice,  and  he  will  probably  make  it  where  it  happens  to  come. 
The  Code  rules  that  where  it  cannot  be  avoided,  a  splice  may  be  made 
in  the  span  next  to  the  crossing  span,  but  not  in  the  crossing  span. 
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Another  matter  to  which  I  will  refer  is  in  regard  to  the  factors  of 
safety  given  in  this  comparison,  which  are  quite  erroneous.  It  is  stated 
that  the  Code  requires  a  factor  of  safety  of  only  1  for  steel.  The  Code 
very  distinctly  states  that  the  stress  to  be  used  shall  not  exceed  27,000  lbs. 
per  sq.  in.  How  the  Committee  got  a  factor  of  safety  of  1  out  of  that, 
I  am  not  able  to   see. 

The  factor  of  safety  of  wood  poles  is  stated  to  be  2.  That  is  correct 
in  one  sense,  and  yet  very  misleading  in  another  sense.  The  factor  of 
safety  of  2  is  based,  in  the  case  of  first-class  railroads  (grade  A),  upon 
a  loading  requirement  for  transverse  strength  which  is  50  per  cent, 
larger  than  the  requirement  of  the  A.  R.  E.  A.  specification.  That  is 
to  say,  the  latter  is  based  on  an  8-lb.  wind  and  the  Safety  Code  load 
is  based  on  a  12-lb.  wind.  Based  on  a  12-lb.  wind,  the  factor  of  safety 
is  2,  but  based  on  the  load  of  the  A.  R.  E.  A.  specification  with  which 
it  is  being  compared,  the  factor  of  safety  is  3.  The  same  thing  is  true 
of  concrete  and  steel  poles. 

Another  thing  to  be  remembered  is  that  the  A.  R.  E.  A.  specification 
has  not  any  requirement  as  to  maintenance.  It  requires  a  higher  factor 
of  safety  for  original  construction,  but  after  a  line  is  built  it  may 
deteriorate,  and  so  far  as  the  specification  is  concerned  there  is  no  limit 
to  the  weakness  it  may  develop.  The  Safety  Code  has  a  provision  for 
maintenance,  and  in  view  of  that  provision  we  think  it  is  reasonable  not 
to  require  such  a  high  initial  strength.  Additional  strength  then  becomes 
a  matter  of  good  engineering.  If  one  is  required  to  replace  a  pole 
when  it  has  deteriorated,  so  that  the  factor  of  safety  is  2,  I  think  he 
would  not  usually  build  it  to  have  a  factor  of  safety  of  only  3  to  begin 
with,  as  good  engineering  would  require  a  structure  to  last  more  than 
a  very  few  years.  Under  the  Safety  Code  rule  a  pole  must  be  replaced 
when  the  factor  of  safety  has  decreased  to  2,  computed  on  a  basis  of 
an  8-lb.  wind,  that  is,  two-thirds  of  the  factor  of  safety  based  upon  a 
12-lb.  wind,  this  specification  being  for  grade  A  construction.  That  seems 
to  us  a  much  more  reasonable  requirement  and  a  safer  one  than  to 
require  the  building  of  a  stronger  line  and  permit  that  line  to  deteriorate 
indefinitely. 

The  item  of  maintenance  is  simply  one  illustration  that  in  making 
this  comparison  between  the  two  sets  of  rules,  the  Committee  has  gone 
over  the  A.  R.  E.  A.  specification  and  pointed  out  what  there  is  in  the 
Safety  Code  that  corresponds  to  it.  The  Committee  has  not  pointed 
out  anything  in  the  Code,  such  as  this  maintenance  rule,  which  has 
nothing  in  the  A.  R.  E.  A.  specification  to  correspond  to  it.  The  com- 
parison is  therefore  a  very  one-sided  and  misleading  one,  since  it  does 
not  bring  out  those  things  included  in  the  Safety  Code  which  we  con- 
sider as  essential  requirements  which  are  not  covered  at  all  in  the  A.  R. 
E.  A.  specification.  Other  items  of  this  nature  are  given  in  the  appended 
list. 

In  view  of  these  erroneous  items  of  comparison,   I   think  it   would  he 

very  regrettable  if  that  part  of  the  Committee's  report  were  passed  to 
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final  publication  in  the  Proceedings  as  it  now  stands.  Undoubtedly,  many 
people  who  read  a  report  of  this  kind  in  your  Proceedings  never  go 
back  to  the  original  sources  to  check  it,  and  erroneous  impressions 
in  regard  to  the  Safety  Code  would  be  obtained  by  a  great  many  peo- 
ple if  the  report  were  given  circulation  in  its  present  form. 

I  might  point  out  that  our  strength  specifications  are  minimum 
requirements.  We  do  not  expect  engineers  to  build  a  structure  that 
will  just  come  within  the  requirements  of  the  Code  rules,  as  that  would 
be  very  poor  engineering.  What  we  have  done  is  to  draw  up  a  code 
of  rules  which  when  finally  revised  will,  we  hope,  be  effective  and  will 
be  suitable  for  mandatory  requirements  that  may  be  made  in  the  form 
of  official  orders  by  state  commissions  or  other  administrative  bodies 
who  have  jurisdiction  over  this  kind  of  construction.  Such  bodies  can- 
not always  get  to  the  point  of  making  a  legal  requirement  of  what  is, 
perhaps,  a  matter  of  judgment  as  to  the  best  engineering.  Their  func- 
tion is  usually  to  require,  among  other  things,  safety  to  operators  and 
safety  to  the  public.  In  drawing  up  something  that  should  be  suitable 
for  this  purpose,  we  have  drawn  up  what  are  minimum  requirements, 
and  it  is  so  stated  in  one  of  the  introductory  rules  of  the  Code.  We 
do  not  expect  that  any  construction  will  be  made  no  stronger  than  that. 
We  do  expect  that  it  shall  not  be  any  weaker,  that  there  shall  be  no 
less  clearance,  not  that  there  shall  be  no  greater  clearance. 

One  other  thing  which  is  not  mentioned  at  all  in  the  A.  R.  E.  A. 
specification,  but  which  we  consider  very  important,  is  the  provision 
for  the  safety  of  the  men  who  are  doing  the  work.  The  Safety  Code 
provides  that  there  shall  be  suitable  clearances  left  not  only  between 
wires  to  prevent  contact,  but  that  there  shall  be  clearances  left  next  to 
the  pole  so  that  the  linemen  shall  have  room  to  mount  the  pole  and 
room  in  which  to  work  after  he  gets  there,  that  is  to  say,  climbing 
spaces  and  working  spaces.  It  seems  to  me  a  very  essential  requirement 
that  lines  should  be  so  built  as  to  allow  a  man  room  in  which  to  work, 
and  a  specification  which  permits  a  power  company  to  put  up  wires  so 
that  they  are  not  safe  for  a  man  to  go  up  the  poles  and  work  up  on 
them  is  not  a  proper  specification  for  you  to  offer  to  a  power  company 
nor  for  it  to  set  up  for  itself.  In  this  connection  I  want  to  say  that  the 
power  companies  are  not  making  any  objections  to  rules  of  that  kind. 
They  are,  in  the  main,  quite  willing  to  make  their  construction  safe  for 
the  workmen,  as  they  see  the  wisdom  as  well  as  the  humanity  of  that 
kind  of  policy.  A  code  of  this  kind  which  is  developed  with  the  idea 
of  eventually  being  made  a  legal  standard  must  cover  such  points.  State 
commissions  are  deeply  concerned  with  the  matter.  A  specification  which 
does  not  cover  such  items  is  from  their  point  of  view,  as  well  as  ours, 
very  defective  and  unsuitable  for  the  purpose. 

We  expect  the  Safety  Code  to  become  a  code  of  rules  which  will 
have  legal  status  and  be  mandatory ;  in  fact  some  of  the  states  are  getting 
a  little  ahead  of  us  in  that  respect  and  the  rules  are  already  mandatory 
in  certain  states.     We  have  not  advocated  a  policy  of  haste,  as  we  wish 
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to  have  the  rules  tried  out  fully,  and  if  necessary  revised,  before  being 
made  mandatory.  Some  of  the  state  commissions  have  been  so  anxious, 
however,  to  get  mandatory  rules  into  effect  that  they  have  adopted  the 
present  edition  of  the  Code.  This  has  a  bearing  on  part  A  of  the  report, 
dealing  with  the  legal  aspect  of  the  Code.  I  am  surprised  to  see  the 
validity  of  the  rules  questioned  when  they  have  been  enforced  in  cer- 
tain states  for  periods  up  to  one  year  without  such  a  legal  question 
having  been  raised.  The  Pennsylvania  Department  of  Labor  and  Indus- 
try included  Parts  1,  3,  and  4  of  the  Code  in  an  official  order  which 
has  been  in  effect  nearly  nine  months.  In  another  state  (Montana)  the 
Code  rules  were  included  in  a  statutory  enactment  which  has  been  in 
force  for  over  a  year.  There  are  also  other  states  in  which  parts  of 
the  Code  have  been  put  in  force,  but  I  will  not  attempt  to  give  a  com- 
plete list  of  them.  Most  of  the  states  are  following  the  policy  of  recom- 
mending the  use  of  the  Code  to  the  utility  companies  and  encouraging 
them  to  put  it  into  effect  on  their  own  responsibility,  getting  experience 
with  the  rules,  and  making  any  criticisms  which  are  based  upon  real 
experience,  as  that  is  the  kind  of  criticism  which  is  of  value. 

In  regard  to  the  legal  status  of  Part  2,  not  only  has  it  been  adopted 
with  some  modifications  already  in  certain  states,  but  in  other  states 
commissions  have  adopted  by  official  order  other  mandatory  specifica- 
tions of  the  same  nature  which  have  had  the  status  and  effect  of  law 
and  have  been  enforced  for  some  time.  Pennsylvania  is  an  example 
of  this.  There  the  Public  Service  Commission  adopted,  not  Part  2 
of  the  Safety  Code,  but  another  set  of  specifications  which  would  be 
open  to  the  same  legal  objections,  and  these  specifications  have  been  in 
force  there  for  some  time  without,  so  far  as  I  know,  any  legal  con- 
test. 

We  want  to  perfect  these  safety  rules  so  that  they  will  be  suitable 
and  yet  not  any  more  drastic  than  is  necessary  for  safety,  because  if 
they  do  require  any  more  than  is  necessary  for  that  purpose,  they  will 
be  open  to  attack  in  court.  We  want  them  to  be  made  just  as  satis- 
factory as  posible  to  you  engineers,  who  have  the  suitability  of  line 
construction  at  heart.  We  want  cooperation  from  you  as  we  have  had 
to  some  extent  in  the  past.  You  must  remember,  as  we  have  to  remem- 
ber,  that  sometimes  your  interests  conflict  with  those  of  other  utilities 
and  it  is  impossible  to  give  each  one  just  what  lie  wants,  and  especially 
if  he  cannot  show  a  real  justification  for  it.  Winn  a  necessity  is 
shown,  I  believe  you  will  find  us  reasonable  in  our  attitude  of  tr\  in^ 
to   give   in   these   rules   whatever   is   necessary    for    safety. 

The    President: — The    Chair    wishes    to    extend    the    thanks    of    the 
iciation  to  Mr    Lloyd  for  his  very  interesting  talk. 

Mr.  J.  G.  M.  Leisenring  (Illinois  Traction):  In  connection  with 
tin-  remarks  already  made  li\  Mi.  Lloyd,  I  want  to  call  attention  to  uiie 
point  that  it  seems  to  me  he  has  omitted,  possibly  on  purpose.  The 
Committee    in    drawing   these   comparisons    between    the    standard    rules 
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for   crossing   specifications    and    the    Bureau    of    Standards,    has    made    a 
direct  comparison  with  the  crossing  specifications  as  they  exist. 

It  seems  to  me  that  in  view  of  the  developments  which  have  come 
up  since  the  specifications  of  this  Association  have  been  accepted  and 
put  in  force,  that  the  criticisms  of  the  differences  between  the  Bureau 
of  Standards  and  the  standard  specifications  of  this  Association,  which 
are  minimized  by  the  developments  that  have  been  made  since  our  code 
has  been  put  into  effect,  should  either  be  omitted,  or  the  fact  that  the 
difference  does  not  amount  to  a  great  deal  mentioned  in  the  criticism. 
I  have  particular  reference  to  two  points  that  I  happened  to  notice  in 
the  comparison,  one,  the  statement  made  that  in  our  code  grounding 
of  insulator  pins  on  wood  arms  at  crossings  was  required,  while  in 
the  Bureau  of  Standards  this  was  omitted,  and  no  explanation  being 
given,  the  casual  reader  of  the  comparison  gets  the  opinion  that  here 
was  a  very  important  point  that  was  omitted  in  the  Bureau's  Code.  I 
think  you  will  find  that  since  the  adoption  of  our  specification,  the  prac- 
tice of  grounding  has  been  very  largely  omitted.  It  still  exists  in  our 
code  and  in  the  joint  specifications,  but  the  telephone  and  telegraph  com- 
panies are  not  asking  that  it  be  lived  up  to.  States  in  which  the  Bureau 
of  Standards  Code  have  been  accepted,  of  course,  are  not  asking  it. 
The  State  of  Illinois,  which,  while  not  accepting  the  Bureau  Code,  drew 
up  a  brief  specification  using  the  Code  as  a  basis,  does  not  require  it, 
and  yet  that  comparison  is  made  in  this  table. 

Another  that  is  not  so  important,  possibly,  is  the  use  of  concrete  in 
setting  poles  at  crossings.  I  think  that  is  another  proposition  that  has 
been  found  in  practice  to  be  a  detriment  rather  than  an  advantage,  and 
it  seems  to  me  that  if  it  is  within  the  scope  of  the  Committee,  they 
should  not  have  made  the  comparison  of  such  points  as  I  have  given, 
or  should  have  at  least  mentioned  the  fact  in  their  table,  that  practice 
had   changed   regarding   them. 

If  a  motion  is  in  order,  I  move  that  the  report  be  referred  back  to 
the  Committee,  with  the  request  that  they  consider  the  points  raised 
by  Mr.  Lloyd  very  carefully,  and  bring  in  a  new  report  on  the  sub- 
ject. 

Mr.  Katte:— I  do  not  think  that  Mr.  Lloyd  has  brought  out  any- 
thing that  has  not  been  considered  by  your  Committee,  not  only  at  this 
time,  but  during  the  past  two  or  three  years.  Your  Committee,  by 
representation  and  by  individuals,  has  been  to  Washington  several 
times.  We  spent  one  whole  day  with  Dr.  Rosa  and  his  Engineers  going 
over  the  very  subjects  now  under  discussion,  and  on  another  occasion 
we  spent  two  days  with  Dr.  Rosa  discussing  much  the  same  items.  We 
attended  a  meeting  in  New  York  City  which  lasted  for  ten  days  with 
three  sessions  a  day.  I  have  not  noted  a  single  item  brought  up  by  Mr. 
Lloyd  that  we  have  not  discussed  at  length  with  Dr.  Rosa,  Mr.  Canada, 
and  other  gentlemen,  members  of  the  Bureau  of  Standards.  I  did  not 
have  the  pleasure  of  meeting  Mr.  Lloyd  at  any  of  these  conferences. 
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There  is  no  antagonism  on  the  part  of  the  Committee  to  the  Code. 
The  Committee  is  in  favor  of  the  Code.  If  there  is  anything  in  the 
Code  that  will  strengthen  our  specifications,  we  will  recommend  it  to  you 
for  adoption.  It  is  the  items  in  the  Code  that  reduces  our  specifications 
to  which  we  object,  and  the  two  principal  items  are  clearances  and 
factors  of  safety. 

Mr.  Lloyd  has  said  that  the  Bureau  of  Standards  wished  examples. 
I  have  personally  given  Dr.  Rosa  three  or  four  examples  of  clearances 
where  30  feet  was  inadequate.  Other  Engineers  have  gone  to  Wash- 
ington and  told  him  of  their  experiences.  Objection  to  our  specifica- 
tions is  made  by  the  members  of  the  National  Electric  Light  Associa- 
tion. These  gentlemen  want  to  cross  our  railroads  with  their  standard 
cross-country  construction.  They  have  said  that  it  is  not  practicable  to 
build  their  entire  line  as  strong  as  we  think  a  line  should  be  where 
it  crosses  a  railroad,  no  matter  whether  it  is  a  branch  line  or  a  trunk 
line.  Railroad  Engineers  maintain  that  the  construction  should  be 
stronger  at  railroad  crossings  than  in  the  country  (perhaps,  over  the 
private  right-of-way  of  the  transmission  line  company)  for  the  reason 
that  the   risk  to  life  and  property  is   greater. 

A  comparison  between  our  specifications  and  the  Code  is  naturally 
very  difficult,  since  one  is  a  precise  constructional  specification  and 
the  other  a  statement  of  safety  requirements,  and  of  accepted  electrical 
practice. 

You  will  note  Mr.  Lloyd  referred  to  the  Code  as  offering  minimum 
requirements.  If  the  Code  allows  the  National  Electric  Light  Associa- 
tion to  cross  railroads  with  minimum  requirements,  they  naturally  will 
not  readily  accept  the  higher  standards  recommended  by  this  Associa- 
tion. Mr.  Lloyd  has  stated  that  there  are  many  safety  requirements 
lacking  in  the  Association's  specification.  Your  Committee  contends 
that  they  are  properly  omitted  from  a  constructional  specification ;  but, 
on  the  other  hand,  points  out  that  there  is  nothing  in  these  specifica- 
tions which  permits  unsafe  practice.  The  proper  protection  of  line- 
men is  a  function  of  the  line  specifications  of  the  crossing  company. 
Mr.  Lloyd  considers  serious  the  omission  of  maintenance  requirements 
from  the  Association's  specifications.  As  a  part  of  every  railroad  com- 
pany's agreement,  which  permits  the  transmission  line  company  to  cross 
its  right-of-way,  Mr.  Lloyd  will  find  the  maintenance  requirements,  and 
that  is  the  proper  place  for  them,  in  the  agreement,  not  in  a  construc- 
tional specification. 

Another  speaker  has  said  that  the  specifications  are  not  up-to-date. 
They  are  not  up-to-date.  The  last  revision  was  made  in  1915,  and  that 
revision  contained  but  minor  changes.  Your  Committee  intends  to  sub- 
mit revisions  of  this  specification  to  make  it  more  easily  read  and 
interpreted,  but  will  not  recommend  the  lowering   of  your   standards. 

Referring  to  the  matter  of  grounding  wooden  crOSS-arms;  a  steel 
cross-arm   is   the   strongest   and    safest   kind   of   a  cross-arm.    and    it    is   a 
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grounded  cross-arm.  If  you  use  a  wooden  cross-arm,  properly  grounded 
it  is  as  safe  electrically  as  is  a  steel  cross-arm. 

Regarding  the  legality  of  the  Code;  during  the  past  year  some 
corporation  lawyers  have  been  in  communication  with  Dr.  Rosa  and 
there  has  been  a  most  voluminous  interchange  of  letters  on  the  subject. 
Up  to  the  present  time,  Dr.  Rosa  has  not  informed  us  that  he  has  advice 
to  the  effect  that  the  Code  as  a  whole  can  be  legally  enforced.  There 
are  portions  of  the  Code  which  are  constructional  and  can  be  enforced 
legally,  but  Part  IV  is  in  question.  When  inspection  is  made  mandatory, 
the  government  usually  appoints  the  inspectors,  as  in  the  case  of  fire 
inspection,  inspection  of  boilers,  the  inspection  of  electric  light  installa- 
tions, etc. 

We  have  had  a  great  many  conferences  with  Dr.  Rosa  regarding  the 
structural  features  and  the  factors  of  safety.  Mr.  Auryansen,  the  Bridge 
Engineer  of  the  Long  Island  Railroad,  has  been  in  Washington  several 
times  with  Mr.  Hoist,  the  Structural  Engineer  of  the  New  York  Cen- 
tral Railroad,  and  these  Engineers  have  made  quite  clear  to  Dr.  Rosa 
the  reasons  why  the  railroad  Engineers  require  higher  factors  of  safety 
than  given  in  the  Code. 

It  is  our  impression  that  the  Bureau  of  Standards  is  trying  to  com- 
promise between  the  strong  specifications  that  the  railroads  require  for 
their  structures  and  the  lighter  construction  which  the  National  Elec- 
tric Light  Association  permits  for  line  construction.  I  am  going  to 
ask  Mr.  Auryansen  to  tell  you  about  the  structural  requirements  and 
why  the  factors  of  safety  permitted  by  the  Code  are  not  high  enough 
for    railroad    crossings. 

Mr.  Auryansen  (Long  Island)  : — I  would  like  first  to  call  your  atten- 
tion to  Rule  201  of  the  Code. 

(Mr.   Auryansen   read   the   rule   referred   to.) 

That  is  to  say,  the  minimum  requirements  in  the  Code  not  only 
may  be  waived,  but  are  intended  to  be  waived  when  it  is  costly,  or 
otherwise  inconvenient  to  observe  them. 

To  get  down  to  specific  examples,  this  Association's  specification  for 
this  class  of  structural  steel  is  18,000  lbs.  for  tension,  and  corresponding 
values  throughout,  whereas  the  Code  increases  that  figure  50  per  cent, 
on  the  basis  of  increasing  the  wind  load  from  8  to  12  lbs.  in  what  they 
call  the  heavy  loading  territory;  but  that  is  not  strictly  a  50  per  cent, 
increase  of  both  load  and  stress,  because  the  dead  load  and  the  ice  load 
are  constant,  so  that  as  the  stress  in  the  steel  is  increased,  the  factor 
of  safety  is  reduced. 

We  may  not  be  so  much  concerned  with  steel  poles,  however,  be- 
cause they  are  usually  designed  with  plenty  of  strength,  but  for  wood 
poles,  while  our  specification  calls  for  a  safety  factor  of  6,  the  Code 
allows  2,  or  granted  3,  as  Mr.  Lloyd  states.  Three  is  too  low,  because 
there  is  not  a  man  here  who  can  judge  surely  whether  a  pole  is  sound 
or  not.  The  most  expert  judge  of  wood  has  to  be  very  careful  in  his 
inspection   and   recommendations.     We   have    found   many   poles   on   our 
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lines  that  under  ordinary  examination  looked  all  right,  but  a  careful 
inspection  showed  that  they  were  unsafe.  A  safety  factor  of  3  is 
altogether  too  low,   in   our  opinion. 

The  Code  in  one  place  specifies  700  lbs.  tension  in  each  wire  as 
a  basis  for  determining  the  strength  of  cross-arms,  pins,  etc.,  and  in 
another  place  it  says  that  the  entire  pull  of  the  wires  shall  be  provided 
for.  Those  are  two  directly  contradictory  statements,  because  the 
pull  in  a  wire  may  be  very  much  more  than  700  lbs. 

Regarding  the  minimum  requirements,  I  think  there  are  very  few, 
if  any,  here  who  would  adhere  to  the  Code  values.  In  our  own  con- 
struction, we  railway  engineers  certainly  take  full  account  of  possible 
growth  over  a  term  of  years,  and  we  don't  pare  down  too  closely  on  the 
safety  factor.  It  is  not  enough  to  take  10  years  or  even  20  years.  Speak- 
ing of  our  own  high  tension  transmission  line,  the  demands  on  it  are 
increasing  every  day,  suburban  territory  is  filling  up,  and  the  number 
of  trains  and  other  facilities  are  being  increased  just  as  fast  as  we 
can  get  to  it.  If  the  pole  lines  that  were  built  15  years  ago  had  not 
been  designed  with  a  considerably  larger  safety  factor  than  this  Code 
requires,  we  would  now  have  difficulty  in  expanding  to  meet  the  demands. 

The  overhead  clearance,  which  may  be  cut  down  to  25  feet  according 
to  the  Code,  is  too  low.  There  is  the  possibility  of  a  cross-arm  burn- 
ing or  breaking,  or  an  insulator  or  the  fastenings  may  give  away;  with 
the  result  that  instead  of  a  single  span,  two  spans  may  be  combined 
into  one,  having  a  very  much  larger  sag. 

The  Code  will  be  used  not  only  to  judge  of  the  strength  of  exist- 
ing structures,  but  if  it  is  promulgated  throughout  the  country,  it  will 
undoubtedly  be  used  as  a  basis  for  new  construction ;  and  as  our  Chair- 
man has  said,  those  who  want  to  cross  our  rights-of-way  may  refer  to 
the  Code  and  say  that  they  are  at  liberty  to  use  the  lowest  type  of  con- 
struction and  the  smallest  safety  factors. 

I  think  it  is  quite  unnecessary  at  this  time  to  point  out  in  detail 
other  unsatisfactory  features  of  the  Code.  If  any  of  you  gentlemen 
had  worked  on  the  Code  as  the  Committee  has  done,  you  would  realize 
the  difficulty  of  interpreting  it,  as  there  are  so  many  cross  references 
that   sometimes  the  real  meaning  is  very   hard   to   discover. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — This  report  is  one 
of  railroad  crossings,  which  existed  in  November,  1917.  It  seems  to  me 
these  differences  will  now  be  reduced  to  a  minimum;  but  they  should 
Ik  adjusted  by  correspondence  between  the  members  of  this  Association 
and  this  Committee;  and  the  Committee  who  have  charge  <>f  this 
important  subject  should  continue  their  study  and  investigation  with 
the  government  representatives. 

The  President: — I  would  like,  for  the  information  of  the  Associa- 
tion, to  give  a  little  experience  thai  we  had  in  the  Northwest  In  Janu- 
ary  last,   we    had    a    rain    and    a   cold    spell       For    a    distance    of    20   01    30 

mile-    from  the  seashore  it  fell  as  rain      For  a  distance  of  35  mile-  it 

came  down   as  rain,   hut    the    moment    it    touched    -olid    matter,    whether    a 


1118  ELECTRICITY. 

tree,  telegraph  pole  or  wire,  it  turned  into  ice.  All  of  the  telegraph 
wires  were  broken  in  that  district.  Of  course,  against  a  catastrophe  oi 
that  kind,  no  one  could  have  any  reasonable  factor  of  safety.  Our  power 
line  went  down,  as  well  as  our  telegraph  line.  We  weighed  the  tele- 
graph line  that  went  down,  and  it  weighed  7  lbs.  per  running  foot.  That 
means  it  was  4  or  5  inches  in  diameter,  and  the  power  wire  being  much 
heavier,    would    be   correspondingly   greater    with    the   ice    on    it. 

The  Chair  would  like  to  suggest  for  the  benefit  of  the  representa- 
tive of  the  Government,  that  this  is  not  a  quarrel  by  any  means  between 
the  Bureau  of  Standards  and  the  Committee  of  this  Association.  Our 
interest  lies  in  protecting  ourselves  against  construction  companies  and 
electric  companies  that  may  take  advantage  of  rules  that  you  might 
promulgate. 

Mr.  Lloyd: — I  appreciate  your  attitude,  and  I  hope  that  I  have  made 
our  own  attitude  clear.  We  want  to  cooperate  with  you  and  we  shall 
be  pleased  to  have  your  Committee  work  with  us.  My  principal  point  in 
regard  to  the  Committee's  report  was  that  it  should  not  be  published  and 
sent  out  broadcast  with  these  rather  obvious  errors  and  omissions  in  the 
comparison  between  the  two  sets  of  rules.  That  is  the  only  thing 
have  to  object  to  in  the  report. 

Mr.  Leisenring: — My  reason  for  making  the  motion  that  I  did  was 
for  the  benefit  of  the  Association  as  JL  saw  it.  I  think  that  for  the 
benefit  of  the  members  who  have  not  studied  the  Bureau  of  Standards 
Code,  they  should  receive  as  much  information  from  this  comparison  as 
is  possible.  I  did  not  believe  that  under  the  report  they  got  as  much 
information  as  they  might  have  from  this  comparison.  If  the  Com- 
mittee does  not  desire  to  expand  on  the  comparison,  or  to  bring  out  the 
points  which  Mr.  Llyod  has  mentioned,  as  covered  in  the  Code,  and 
not  covered  in  our  specifications,  I  will  very  gladly  withdraw  my  motion. 
It  was  made  with  the  idea  of  getting  the  report  back  before  the  Com- 
mittee, so  that  they  could  alter  the  form  of  the  comparison  if  they 
saw  fit.  i  .j 

Mr.  Katte: — I  will  explain  that  this  report  is  the  result  of  about 
three  years'  work  on  the  part  of  your  Committee.  It  is  difficult  to  com- 
pare entirely  dissimilar  things.  There  may  be  difference  of  opinion 
regarding  the  comparison,  but  I  do  not  think  there  are  any  mistakes.  I 
will  tell  you  how  this  comparison  was  made.  First,  three  members  of 
the  Committee,  who  are  experts  in  transmission  line  crossings,  prepared 
the  comparison ;  then  it  was  put  in  the  hands  of  two  independent  sets 
of  men  who  were  also  transmission  line  experts  and  they  made  their 
corrections,  and  finally  the  report  was  considered  by  the  Committee 
as  a  whole  at  two  sessions,  revised  and  submitted  to  you  in  its  present 
form. 

Dr.  Rosa  is  entirely  familiar  with  our  position,  but  he  has  two 
divergent  elements  to  satisfy,  namely,  what  the  railroads  want  as  a 
minimum  and  what  the  National  Electric  Light  Association  will  accept 
as  a  maximum.     Naturally,   since   a   railroad   crossing  is   involved,   your 
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Engineers  do  not  feel  that  their  minimum  of  long  standing  should  be 
reduced  to  the  maximum  now  proposed  by  the  crossing  companies. 

If  a  legislative  body,  a  public  service  commission  for  instance, 
desire  to  adopt  a  less  rigid  jpecificati  jn,  it  would  relieve  the  railroad 
company  from  responsibility  in  the  case  of  an  accident,  but  the  mem- 
bers of  your  Committer  do  not  recommend  that  this  Association  be  a 
party  to  such  a  reduced  specification  and  hold  that  the  railroads  should 
be  permitted  to  maintain  their  own  standards. 

We  ask  you  to  authorize  the  sending  of  representatives  to  Washing- 
ton to  tell  Dr.  Rosa  that  you  do  not  think  the  standards  of  the  Amer- 
ican Railway  Engineering  Association  should  be  reduced  and  we  further 
ask  that  you  accept  and  approve  the  report  as  submitted. 

The  President: — If  no  further  discussion,  the  suggestions  of  the  Com- 
mittee  will  be  considered  approved. 

Mr.  Katte : — There  is  one   more  recommendation. 

(Mr.  Katte  read  paragraph  7  on  page  582.) 

The  President : — The  Board  will  take  cognizance  of  the  different 
requests. 

There  being  no  further  discussion,  the  Committee  is  excused  with 
the  sincere  thanks  of  the  Association  for  the  good  work  that  they 
have   done. 


DISCUSSION  ON  YARDS  AND  TERMINALS. 

(For    Report,    see    pp.    315-348.) 

Mr.  B.  H.  Mann  (Missouri  Pacific)  : — Mr.  Temple,  the  Chairman, 
sent  a  letter  that  we  received  this  morning,  stating  that  he  was  un- 
avoidably detained.  The  Committee  regrets  that  Mr.  Temple  cannot  be 
with  us  here  to-day. 

The  Committee  has  done  some  work  on  all  four  subjects,  but  has 
specialized  particularly  with   reference  to  No.    (4). 

The  question  of  the  present  emergency,  as  far  as  terminals  is  con- 
cerned, seemed  to  the  Committee  to  be  divided  into  two  parts,  first,  con- 
gestion in  the  yards  and  terminals,  which  may  be  created  either  by  some 
big  defect  in  a  yard,  which  is  apparent  to  everyone,  and  may  be  cor- 
rected by  the  mere  spending  of  money  in  large  amounts.  This  may  be 
dropped  during  this  discussion.  Second,  a  collection  of  little  things,  such 
as  congestion  due  to  several  small  defects,  which  may  have  as  much 
of  an  effect  as  one  big  one.  It  must  be  kept  in  mind  always  that  a  divi- 
sion, or  an  entire  property,  can  not  well  be  isolated  from  the  opera- 
tion of  adjoining  property.  One  railroad  does  not  control  its  own  move- 
ments, where  an  embargo  or  failure  to  receive  or  deliver  from  other 
lines   is   concerned. 

Viewing  solely  the  second  part,  what  was  the  duty  of  the  Committee 
and  the  Association  in  the  premises?  In  following  up  the  question  of 
assisting  in  this  matter,  the  Committee  sent  out  a  circular  to  a  number 
of  railroads,  and  while  they  received  very  encouraging  replies  from  a 
few,  the  consensus  seemed  to  be  that  the  experts  that  were  required  were 
not  now  available. 

If  experts  were  not  available,  the  Committee  felt  that  the  Associa- 
tion had  good  material  in  the  Manual  that  might  be  helpful,  if  both 
those  who  were  interested  in  the  Association  work  and  are  entirely 
familiar  with  our  Manual  of  Recommended  Practice,  as  well  as  others 
who  are  not  familiar,  could  appreciate  it.  It  boiled  down  to  a  matter  of 
form  that  either  a  busy  man,  or  a  man  who  has  not  had  the  inclination 
to  read  the  Manual  could  "handle  in  thirty  seconds." 

A  "Catechism"  was,  perhaps,  something  that  officials  not  having  the 
time  to  read  the  Manual,  could  use  in  the  best  way,  and  the  Committee 
then  formulated  a  list  of  25  simple  questions,  that  might  apply,  in  two 
ways:  First,  through  the  members  of  the  Association;  second,  on  rail- 
roads where  the  Manual  of  Recommended  Practice  had  not  been  at 
hand. 

The  application  could  be  begun  in  either  of  two  ways:  'First,  by  a 
committee  of  experts  that  the  railroad  might  assign  to  study  its  prob- 
lems ;  second,  by  sending  out  the  list  of  questions  to  each  division  or 
each  official  interested,  and  have  him  answer  "yes"  or  "no"  for  that 
division,  and  send  those  replies  in  to  headquarters,  the  men  at  head- 
quarters to  take  the  necessary  action. 
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In  this  list  of  questions,  there  are  one  or  two  slight  additions  to  insert 
if  no  objections : 

In  question  (3)  at  the  top  of  page  319,  the  first  and  second  lines 
should  read :  "Are  your  tracks  so  arranged  and  have  you  sufficient  run- 
ning tracks  or  thoroughfares."  Insert  the  words  "or  thoroughfares'' 
after  the  word  "tracks." 

In  question  (5)  on  the  same  page  in  the  second  line,  to  prevent 
the  question  being  taken  too  literally,  insert  the  words  "or  more,"  mak- 
ing the  question  read:  "If  your  receiving  or  departure  tracks  are  too 
short,  can  you  lengthen  one  or  more  tracks  ?" 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — May  I  ask  the  Commit- 
tee where  they  desire  to  begin  the  insertion  of  this  material  in  the 
Manual.     On  page  318,  about  the  middle  of  the  page? 

Mr.  Mann : — If  you  will  kindly  refer  to  the  pamphlet  "War  Emerg- 
ency Yard  Improvements,"  that  has  been  sent  out,  which  the  Committee 
feels  has  very  nicely  presented  the  case,  we  would  like  to  have  it  inserted 
in  that  way,  beginning  at  the  words  "On  account  of  the  extraordinary 
demands,"  down  to  and  including  the  part  beginning  on  the  fourth  page, 
"Principle  of  Yard  Design,"  with  the  questions. 

Mr.  Lindsay : — Your  idea  is  it  should  be  inserted  in  the  Manual  in 
accordance  with  the  pamphlet,  rather  than  in  accordance  with  the  Bul- 
letin? 

Mr.  Mann  : — Just  as  corrected. 

Mr.  Lindsay: — I  just  wanted  to  make  that  clear.  I  have  no  objec- 
tion to  it.     I  think  it  is  fine. 

The  President: — If  there  is  no  further  discussion,  it  is  the  ruling 
of  the  Chair  that  this  motion  has  been  carried  unanimously.  The  Chair 
thinks  that  no  one  will  take  any  exception  to  that  ruling. 

Mr.  Mann : — Regarding  conclusion  2,  on  page  342,  I  wish  to  say  in 
explanation  that  this  Committee  has  worked  in  a  co-operative  way  not 
only  with  the  Special  Committee  on  Weighing  of  the  American  Railway 
Association  and  the  Committee  on  Iron  and  Steel  Structures  of  this 
Association,  but  also  a  committee  of  the  Scale  Manufacturers'  Associa- 
tion. There  is  one  correction  that  the  Committee  desires  to  make  with 
your  permission.  On  page  327,  section  3,  paragraph  (A),  leave  out  all 
after  the  first  paragraph. 

Mr.  Baldwin,  chairman  of  Sub-Committee,  will  handle  the  discussion. 

The  President : — Mr.  Baldwin  will  please  read  the  headings,  giving 
sufficient  time  for  discussion.  If  there  is  no  discussion,  it  will  be 
assumed  that  the  clauses  are  approved. 

It  is  understood  that  under  the  heading,  "Capacity,"  everything  after 
the  first  paragraph  will  be  omitted.  That  includes  the  matter  under  the 
second  paragraph  down  to   (b)  on  page  327. 

(  Mr.  Baldwin  read  the  remaining  headings,  Mos.  3  to  11,  pp.  327 
to  33$  inclusive.) 
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Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — Mr. 
Chairman,  I  move  the  adoption  of  the  conclusion  and  the  printing  of 
the  specifications  in  the   Manual. 

(The  motion   carried.) 

The  President : — The  third  conclusion  merely  recommends  that  the 
matter  referred  to  be  received  as  information,  of  which  the  Board  will 
take  cognizance. 

In  relieving  the  Committee  the  Chair  desires  to  say  that  it  has  ren- 
dered the  Association  and  the  railways  a  distinct  service  in  prepar- 
ing this  excellent  work  on  "War  Emergency  Yard  Improvements."  This 
report  is  well  worth  careful  consideration  and  will  no  doubt  be  of  great 
help  under  the  present  conditions. 

The  Secretary  will  present  that  to  you  formally,  and  probably  it 
should  be  presented  in  the  form  of  a  motion. 

(The  motion  carried.) 

(The  thanks  of  the  Association  were  extended  to  the  Committee  for 
their  excellent  report.) 

The  President: — In  this  connection  it  may  be  of  interest  to  read  a 
communication  addressed  to  the  Secretary  by  the  Regional  Director,  Mr. 
R.  H.  Aishton,  a  member  of  the  Association : 

"This  will  acknowledge  receipt  of  your  letter  of  the  30th 
instant,  together  with  proof  of  the  current  report  of  the  Committee  on 
Yards  and  Terminals  relating  to  'War  Emergency  Yard  Improvements' 
and  the  'Catechism  of  Yard  Design  and  Operation.' 

"I  think  that  your  suggestion  at  this  time,  that  a  copy  of  this  report 
be  placed  in  the  hands  of  every  operating  officer,  would  be  of  very 
material  advantage  in  the  consideration  of  the  various  matters  in  so  far 
as  this  particular  Regional  District  is  concerned,  and  I  will  be  very 
glad,  indeed,  to  see  that  a  copy  of  the  report  is  placed  in  the  hands  of 
each  of  the  Regional  Western  Railroads,  and  will  furthermore  suggest 
similar  action  to  the  other  Regional  Directors.  One  of  the  large  prob- 
lems confronting  us  is  increasing  our  capacity  and  the  suggestions  are 
directly  in  line  with  this  policy. 

"I  would  suggest  that  a  sufficient  number  of  copies  be  printed  for 
distribution,  and  I  will  see  that  they  reach  the  various  railroads,  together 
with   some   comment   of   our  own   about   the   matter. 

"Yours  very  truly, 

(Signed)     R.  H.  Aishton." 

Mr.  H.  R.  Safford  (Gt.  Trunk  Ry.)  : — I  want  to  say  in  that  connec- 
tion that  I  believe  every  member  of  this  Association  can  well  afford  to 
see  that  a  printed  copy  of  that  "Catechism"  be  placed  in  the  hands  of 
every  operating  man  of  the  company  with  which  he  is  connected. 


DISCUSSION  ON  ECONOMICS  OF   RAILWAY  LABOR. 

(For  Report,  see  pp.  114-185.) 

Mr.  E.  R.  Lewis  (Duluth,  South  Shore  &  Atlantic)  : — In  introducing 
this  report,  the  Committee  asks  that  members  keep  in  mind  the  date  when 
this  report  was  written.  It  was  completed  in  November  of  last  year. 
The  Committee  realized  at  that  time  the  impossibility,  of  course,  of 
anticipating  the  probable  changes  in  the  situation,  and  it  was  decided 
in  Committee  at  that  time  that  it  might  be  necessary  to  consider  such 
changes  as  were  pretty  sure  to  occur  on  the  floor  of  the  convention  here 
to-day. 

These  changes  have  come  thick  and  fast.  At  the  present  time  the 
railroads  are  definitely  under  active  Government  control.  It  is  presumable 
that  railway  employes,  including  maintenance  of  way  laborers,  will  receive 
the  benefit  of  employment  under  some  sort  of  governmental  agency,  and 
that  the  railways  will  be  benefited  by  the  furnishing  and  the  equitable  dis- 
tribution of  adequate  man-power  in  this  crisis.  But  the  labor  question 
is  nonetheless  a  serious  question;  it  is  in  fact  an  increasingly  serious 
question.  With  all  the  great  machinery  of  the  Government  behind  us, 
and  all  the  individual  and  collective  effort  that  we  may  put  forth,  it  is 
becoming  daily  more  apparent  that  the  railways  must  conserve  labor 
in  every  manner  possible. 

There  are  various  methods  of  conserving  labor  in  railways.  There 
is  the  possibility  of  improving  the  methods  of  hiring,  distribution,  feed- 
ing, housing  and  working  conditions;  grading  of  wages;  opportunities  for 
advancement;  and  the  introduction  of  labor-saving  devices  along  these 
lines. 

The  vast  importance  of  the  labor  problem  to  this  Association  and  to 
the  world. is  a  matter  of  common  knowledge  to  us  all.  The  importance 
of  labor  in  the  Maintenance  of  Way  Departments  of  the  railways  may 
be  expressed  in  relative  money  terms.  There  is  more  money  spent  for 
labor  in  the  Maintenance  of  Way  Departments  of  railways  than  for 
maintenance  of  way  material.  I  think  it  is  safe  to  say  that  the  labor 
amounts  to  from  53  to  56  per  cent,  of  the  total  money  expended.  You 
are  urged,  therefore,  to  give  this  Committee  and  the  Association  the 
benefit  of  the  very  fullest  discussion  and  interchange  of  thought  here 
to-day.  We  want  resulls  now — for  the  season  of  1918.  We  want  it 
not  only  for  this  Association,  for  the  railways  that  we  represent,  but 
for  the  Governments  of  the  countries  at  war.  In  this  period  of  unrest 
there  is  a  matter  that  I  think  should  receive  the  serious  consideration 
of  us  all.  We  are  on  a  war  basis.  We  have  had  many  routine  duties 
and  still  have,  but  they  are  changing  from  a  peace  basis— have  changed 
— and  we  must  look  at  our  duties  from  a  war  standpoint.  This  matter 
of  labor  is  the  most  important  thing  wc  have  to  consider.  There  are 
routine  duties  thai  we  ran  put  off  from  time  to  time  uv  delegate  to  some- 
one else,   while   w<    respond  to  inquires  relating  to  this   matter  of   getting 
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and  keeping  labor  for  the  railways.  For  any  labor  that  we  conserve 
means  conservation  for  all.  There  have  been  times  when  the  circulars 
from  committees  have  not  received  the  attention  they  should  receive 
at  the  time  of  a  world-crisis  like  this,  when  our  work  is  important.  As 
you  know,  the  Association  must  depend  on  the  committees,  and  the  com- 
mittees must  depend  on  the  membership  for  these  responses. 

Last  October,  while  this  Committee  was  formulating  its  report,  there 
were  matters  brought  up  in  connection  with  the  securing  of  labor,  with 
a  j,rr<\it  deal  of  emphasis,  which  have  not  been  included  in  the  report, 
because  of  rapid  change  in  the  situation.  It  is  believed,  however,  that 
suggestions  along  the  following  lines  represent  the  fast  crystallizing 
thought  of  the  members  at  large  of  this  Association,  as  well  as  the  mem- 
bers of  the  Committee.     These  points  are  as   follows : 

"1.  In  order  to  secure  a  more  uniform  distribution,  especially  of 
unskilled,  floating  or  unemployed  labor,  it  is  suggested  that  centralized 
agencies  (preferably  under  Regional  Directors'  control)  be  maintained 
in  the  large  labor  centers.  Such  agencies  should,  where  possible,  co- 
ordinate with  state  and  municipal  agencies,  and  contain  a  division  or 
bureau  especially  devoted  to  securing  common  labor  for  railways. 

"2.  For  the  purpose  of  strengthening  centralized  agencies,  in  the 
event  they  shall  be  established,  the  railways  could  call  upon  them  for  such 
additional  labor  as  cannot  be  otherwise  obtained  in  their  local  fields. 

"3.  In  order  that  the  railways  may  meet  the  demands  of  transporta- 
tion with  safety  and  promptitude,  it  is  essential  that  they  shall  be  effi- 
ciently maintained.  As  an  aid  in  its  accomplishment,  as  well  as  to  permit 
cooperative  effort,  to  be  more  quickly  effected  between  the  railways  them- 
selves or  through  the  duly  constituted  authorities,  it  is  suggested  that 
each  railway  designate  some  person  familiar,  by  training  and  experience, 
with  such  matters,  to  study  in  detail  the  labor  requirements  necessary 
for  the  proper  maintenance  of  its  roadway,  and  to  collect  data  looking 
toward  the  utilization  of  the  various  kinds  of  floating  and  other  railway 
labor  which  in  the  past  it  has  been  found  difficult  to  hold  in  continuous 
employment." 

Very  often  a  gang  of  laborers  is  disorganized  after  leaving  the 
service  of  one  railway,  when  with  a  little  foresight  they  might  easily 
be  employed  without  loss  of  time  and  without  loss  of  efficiency  to  the 
railways  by  a  second  railway  and  again  by  a  third. 

This  Committee's  report  is  found  in  Bulletin  202,  page  114. 

In  connection  with  the  Bibliography,  after  some  consideration  it 
was  believed  that  the  members  of  the  Committee  could  better  compile 
this  bibliography  themselves,  in  order  to  make  sure  that  nothing  might 
be  overlooked,  which  at  the  time  of  compilation  existed  and  should  be 
included.  This  bibliography  is  presented  as  information  with  the  recom- 
mendation that  it  be  printed  in  the  Proceedings. 

The  report  on  "Methods  of  Securing  Labor"  is  presented  by  the 
Committee  as  a  matter  of  information  with  the  recommendation  that  it 
be  printed  in  the  Proceedings. 
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In  connection  with  the  subject  "Feeding  and  Housing  of  Mainten- 
ance of  Way  and  Construction  Employes,"  the  matter  presented  in  this 
report  is  offered  as  information  which  we  would  desire  to  have  printed 
in  the  Proceedings.  We  have  some  slides  illustrating  this  feature  of 
our  report,  and  I  will  read  an  abstract  from  the  report  which  will  include 
the  paragraphs  to  which  the  views  shown  refer. 

(A  number  of  slides  were  then  shown  on  the  screen,  which  were 
described  in  part  by  E.  T.  Howson,  of  the  Committee,  and  also  by  the 
Chairman  of  the  Committee.) 

Mr.  Lewis : — In  connection  with  these  slides,  I  want  to  call  attention 
to  the  provision  of  ice-boxes  and  refrigerators  in  the  dining  cars  which 
were  shown  in  the  tenth  slide.  It  is  common  practice  on  many  rail- 
roads to  provide  more  than  enough  ice,  where  they  provide  any,  than 
to  provide  an  economical  supply.  The  economic  use  of  ice  is  a  matter 
of  much  importance,  and  you  will  see  that  in  this  slide  proper  provision 
was  made  for  ice-boxes. 

It  is  proper  to  say  a  word  about  the  good  work  done  by  one  of  our 
members,  Mr.  Edward  Gray,  in  his  pamphlet  on,  "The  Distribution  of 
Labor  in  War,"  a  supply  of  which  is  available  to  members,  and  while  it 
is  general  in  scope,  as  it  was  intended  to  be,  it  is  a  matter  for  our  indi- 
vidual and  collective  thoughtful  consideration. 

The  Committee  recommends  that  this  be  included  in  the  Proceedings. 
The  President: — It  has  been  suggested  that  we  have   some  general 
discussion,  on  the  handling  of  labor,  before  we  have  the  slides  showing 
the  labor-saving  devices. 

Mr.  E.  T.  Howson  (Railway  Age)  : — In  reference  to  the  question  of 
sanitation,  certain  roads  do  make  regular  periodic  inspections.  On  the 
Chicago  Terminal  division  of  the  Rock  Island,  as  stated  in  the  report, 
an  inspection  is  made  by  local  company  physicians  each  month.  The 
Chicago  &  North  Western  has  a  medical  officer  who  gives  particular 
attention  to  the  sanitation  of  camps,  the  refrigeration  of  food  supplies, 
and  the  character  of  the  water,  even  to  the  extent  of  requiring  that 
water  be  hauled  to  these  camps  from  sources  of  known  quality  where 
the  water  at  the  location  of  the  camp  has  not  been  analyzed  and  approved. 
Such  inspections,  however,  are  all  too  limited.  In  fact,  they  are  not 
common,  but  are  made  on  only  a  few  roads. 

Mr.  J.  V.  Hanna  (Kansas  City  Terminal)  : — I  wish  to  ask  if  the 
Committee  knows  anything  about  the  work  of  the  Federal  Employment 
Bureau?  A  circular  letter  came  to  my  desk  about  two  weeks  ago  giv- 
ing the  name  of  the  officer  in  charge  of  the  Bureau  at  Kansas  City,  and 
saying  that  he  was  prepared  to  furnish  labor  and  employes  of  all  class, is 
t"i  railroad  work.  I  would  like  to  know  whether  that  lias  proved  mk- 
Cessful   or   helpful   in   any   way. 

Mr.  Lewis:  The  Committee  lias  some  information  on  this  subject, 
and  I  have  also  had  experience  with  state  agencies.  We  have  been  in- 
formed that  state  agencies  were  ready  and  willing  to  organize  and  could 
provide  labor,    I  have  on  several  occasions  given  them  direct  orders  for 
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Fig.  1 — Concrete  Section  House  for  Track  Laborers,  A.  T.  &  Santa 

Fe  Railway. 
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Fig.  2 — Plan  of  Concrete  Bunk  House  for  Section  Laborers,  A.  T.  & 
Santa  Fe  Railway. 
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Fig.  3 — Plan  of  New  Haven  Railroad  Camps  at  Derby  Junction,  Conn. 

Upper  View  Shows  thf.  P.tnk  Houses;  Lower  View 

the  Commissary  Building. 
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Fig.  4 — Baltimork  &  Ohio  Labor  Camp,  Near  Pittsburgh,  Pa. 
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Fig.  6— D.  L.  &  W.  R.  R.  Standard  Bunk  Car. 


Fig    7     [nterior  View  of  D.  L.  &  \Y.  R.  R.  Standard  Bunk  Ca 
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Fig.  8— D.  L.  &  W.  R.  R.  Standard  Mess  Car. 


i  tc   •    Interior  \  n-.w  01  l ».  L  &  \\ .  R.  R.  Standard  Miss  Car. 
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Fig.  10 — Interior  View  of  Commissary  Car,  D.  L.  &  W.  R.  R., 
Dover,  N.  J. 


Fig.  11— Exterior  View  of  D.  L.  &  W.  R.  R.     Camp  at  Dover,  N.  J. 
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labor.  There  are  occasions,  of  course,  when  labor  is  furnished  and  it 
does  not  show  up — various  slips  between  the  cup  and  the  lips — but  in 
the  case  of  the  state  agencies  we  have  never  received  a  direct  response. 
Mr.  'F.  R.  Layng  (Bessemer  &  Lake  Erie)  : — We  received  a  circular 
such  as  Mr.  Hanna  refers  to,  and  I  went  to  Pittsburgh  to  confer  with 
a  local  Government  representative  there,  who  also  represents  the  Pennsyl- 
vania Department  of  Labor.  He  told  me  he  was  in  no  position  to  give 
us  any  help  in  securing  common  labor.  He  was  giving  his  attention 
primarily  to  the  securing  of  skilled  labor  for  the  Government,  partic- 
ularly the  shipbuilding  industry.  He  said  he  had  no  organization  com- 
petent to  take  up  the  question  of  common  labor. 


Fig.    12 — Plan  of  Missouri  Pacific  Standard  Camp  Car. 


I  then  went  to  Erie  at  the  other  end  of  our  line  and  consulted  with 
the  Government  agent  there,  with  the  same  result.  I  think  that  these 
bureaus  of  the  Government  are  really  competing  with  the  railroads  for 
labor,  and  that  we  cannot  look  to  them  for  any  help,  as  they  art-  at 
present  organized.  And  it  will  be  very  dangerous  for  us  to  discontinue 
securing  our  own  help. 

( )n  our  road  we  have  established  a  local  agent  In  Pittsburgh  and 
oik-  in  Erie,  and  we  have  been  moderately  successful  in  securing  labor 
through  tin  in.  We  make  no  charge  for  securing  a  man  a  jol>.  as  the 
usual  employment  agent  docs,  and  we  furnish  transportation.  I  think  it 
was  the  intention  of  the  Regional  Director  for  us  to  discontinue  this 
practice.     My  investigation  resulted  in  the  conclusion  we  would  not  dare 

do   that    under    present    conditions. 

Mr  W.  II.  Court enay  (Louisville  8  Nashville):  The  Committee  in 
its  able  report  has  nol  referred  to  the  economic  waste  of  moving 
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from  one  section  of  the  country  to  the  other.  The  Louisville  &  Nash- 
ville Railroad,  which  I  represent,  has  lines  extending  from  St.  Louis  and 
Cincinnati  to  the  Gulf.  In  the  last  two  years  there  has  heen  an  enorm- 
ous quantity  of  negro  labor  travel  over  our  lines  to  industrial  establish- 
ments and  other  roads  in  the  North.  The  negro  likes  to  travel.  If 
anyone  will  invite  him  to  take  a  railway  trip,  he  will  go  in  great  num- 
bers. Nearly  every  day  for  a  long  time  one  or  more  coach-loads  of 
labor  were  leaving  our  lines  and  going  to  the  North,  notwithstanding 
the  fact  that  the  home  road  was  in  desperate  straits  for  labor.  That 
militates  against  the  interest  of  the  cotton  planter,  the  sawmill  man,  and 
every  other  employer  in  the  South.  Of  course,  it  is  a  difficult  matter 
to  regulate-. 

I   can  appreciate  the  situation  of  the  roads   which   have  not  a  supply 
of  labor  living  on   their  lines;  they  must  get  it   from  somewhere  and  so 
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Fig.  12- A — Plan  of  Missouri  Pacific  Standard  Camt  Car. 


they  go  where  the  labor  is  to  be  had  and  they  take  it  away  from  the 
neighboring  roads,  or  the  roads  at  a  distance,  and  the  roads  in  the  South 
have  suffered  greatly  from  that.  As  to  whether  under  Government  con- 
trol the  United  States  Government  will  attempt  to  zone  the  labor  dis- 
tricts, and  not  move  labor  from  one  zone  to  another,  I  do  not  know. 

As  a  general  proposition  there  is  almost  no  foreign  labor  employed 
on  the  Louisville  &  Nashville.  Our  two  sources  of  supply  are  the 
negroes  of  the  South  and  the  white  people  living  in  the  mountainous 
districts  which  we  touch  at  many  points  for  many  miles.  It  seems  to 
me  the  best  way,  looking  to  the  future,  is  in  providing  houses  for  them 
and  endeavoring  to  locate  them  with  their  families.  A  negro  will  not 
work  without   negro   women  about   him.     The   practice  on  the  road   which 
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Fig.  13— Plan  of  Illinois  Central  Railroad  Standard  Bunk  Car. 
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''"'   M    Plan  of  Illinois  Centrai   Railroad  Standard  Dining  Car 
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I  represent  is  almost  invariably  to  provide  a  good  house  for  the  section 
foreman  and  generally  provide  at  least  two  double  laborers'  houses  and 
sometimes  more.     I  think  that  is  a  good  plan. 

Another  wise  provision  in  order  to  obtain  labor,  which  can  be  done 
in  the  South  if  not  in  the  North,  is  to  retain  the  track  laborers  the  year 
around  or  at  least  retain  the  majority  of  them.  Formerly  it  was  the 
custom  on  our  road  to  work  different  numbers  of  men  on  the  track  in 
the  winter  Mason  than  in  the  summer  season,  the  summer  season  last- 
ing seven  months  and  the  winter  season  five  months.  We  have  departed 
from  that  and  authorized  our  Roadmastcrs  to  use  a  given  number  of 
men  per  year. 

That  enables  us  to  a  certain  extent  to  use  the  labor  to  better  advan- 
tage. There  are  a  great  many  men  who  are  attached  to  locality,  and 
who  will  not  work  away  from  that  neighborhood.  But  in  some  cases 
men  are  content  if  they  can  go  home  once  a  week  or  once  in  two  weeks. 

Reference  has  been  made  to  the  boarding  car,  which  has  been  con- 
demned in  pretty  general  terms,  but  the  boarding  car  is  not  disliked  by 
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Fig.  16 — Virginian  Railroad  Standard  Bunk  Car.    Car  Has  Upper  and 

Lower  Window,  Giving  a  Window  Opposite  Each  Bunk, 

in  Both  Upper  and  Lower  Decks. 


the  negro.  He  is  a  gregarious  animal,  and  rather  prefers  the  boarding 
car.  On  one  Division  we  had  good  two-story  section  houses  for  the 
negroes  and  they  would  not  live  in  them  and  preferred  boarding  cars. 
The  negroes  objected  to  living  particularly  on  the  second  floor  of  the 
section  houses,  claiming  that  they  were  "hantcd."  The  negro  likes  pro- 
tection against  spooks  and  ghosts. 

It  strikes  me  the  boarding  car,  as  far  as  handling  the  negro  goes, 
is  a  pretty  good  arrangement.  He  does  not  object  to  sixteen  men  in  a 
car,   while  a   white   man   might   prefer   a   little   more   accommodation. 

As  to  building  camps,  such  as  have  been  illustrated  here,  it  is  a 
rather  expensive  project.  If  a  road  can  get  men  without  doing  that,  it 
would  hardly  seem  to  be  justified  in  going  to  such  enormous  expense, 
particularly  in  a  moderate  climate. 

As  to  what  the  roads  will  do  for  labor,  is  a  difficult  proposition.  We 
have  managed  to  hold  a  good  many  of  our  men,  notwithstanding  that 
the  coal   mines  arc  paying  boys  of   sixteen   to  drive  a  mule  in  the  mine 
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$4  or  $4.16  a  day.  There  are  a  large  number  of  Government  canton- 
ments being  built  in  the  territory  immediately  adjacent  to  our  lines, 
employing  common  laborers  at  $2.75  and  $3  a  day,  with  overtime  for 
more  than  eight  hours'  work,  and  the  Government  is  paying  carpenters  as 
high  as  $10  per  day  for  Sunday  work.  In  addition  to  that  an  enor- 
mous powder  plant  is  being  constructed  a  short  distance  from  Nashville, 
and  a  cyanamid  factory  at  Sheffield,  Alabama,  also  a  nitrate  plant,  and 
plants  for  manufacturing  wood  alcohol  from  cordwood,  are  being  con- 
structed in  other  sections. 

Notwithstanding  these  things  and  the  fact  that  laborers  can  get 
employment  at  high  rates,  they  frequently  prefer  working  on  the  rail- 
road, and  much  depends  on  the  treatment  of  the  men  by  the  foremen. 
I  do  not  merely  mean  that  the  men  should  get  food,  but  that  the  fore- 
men should  treat  the  men  with  reasonable  consideration,  and  with  justice. 
We  have  had  men  leave  us  and  go  to  other  roads,  and  we  were  sur- 
prised to  see  them  come  back  very  often,  and  the  reason  they  came  back 
was  they  said  they  were  treated  better.  If  the  laborer  is  given  even- 
handed  justice  by  the  foreman  he  will  appreciate  it,  and  much  can  be 
done  by  that  sort  of  treatment. 

Mr.  Lewis : — In  answer  to  the  remarks  made  by  Mr.  Courtenay,  it 
was  not  intended  by  the  Committee  to  put  forth  the  recommendation  for 
bunkhouses  and  to  condemn  cars  for  all  cases.  There  is  a  very  wide- 
spread use  of  bunkcars  in  the  country,  and  probably  that  will  continue, 
but  there  are  some  cases  where  it  is  impossible  to  substitute  bunkcars. 
We  are  progressing  along  these  lines  as  well  as  along  other  lines,  and 
must,  I  think,  recognize  the  fact  that  these  conditions  are  changing,  as 
well  as  others  in  these  times. 

There  are  some  kinds  of  labor  that  are  not  like  the  negro  labor. 
Some  of  them  would  rather  have  houses  than  cars,  if  it  were  possible. 
Of  course,  the  sanitary  feature  is  something  that  we  do  not  want  labor 
to  lead  in.  Labor  never  will  lead  in  it.  We  have  to  at  least  give  the 
help  that  is  necessary  along  that  line  as  near  as  possible. 

Mr.  Courtenay  mentioned  the  economic  waste  of  labor  in  its  trans- 
portation. That  matter  has  been  covered  by  the  Committee,  I  think, 
fairly  well  on  pp.  146  and  147. 

In  this  connection  there  is  an  important  matter,  which  is  car  con- 
servation. Cars  are  scarce  in  this  country,  and  in  order  that  cars  he 
available  for  laborers,  they  would  have  to  be  conserved  for  that  purpose. 
Probably  on  that  account,  on  account  of  the  scarcity  "of  cars,  there  will 
be  more  bunkhouses  needed,  there  will  be  many  more  cases  where  we 
will  have  to  use  bunkhouses  than  cars  on  account  of  car  scarcity.  We 
will  be  repairing  cars  that  before  it  was  not  considered  quite  necessary 
to  conserve. 

The  Committee  is  grateful  t"  Mr   Courtenay  for  what  he  has  said 

ibout  the  treatment  of  men,  and  tin-  justice  that   is  meted  out   to  laborer-; 
iin. mi-    of  con  ervation.     1  believe   Mr.   Courtenay   is   right   in   his 
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judgment  that  justice  has  more  to  do  with  retaining  labor  than  a  great 
many  of  us  probably  have   realized. 

I  would  like  to  read  a  telegram  from  the  Vice-Chairman  of  this 
Committee,   Mr.    C.   H.   Stein: 

"Please  advise  Mr.  Lewis  my  regretful  inability  to  attend  the 
meeting.     Best  wishes  for  a  most  successful  convention. 

(Signed)     "C.  H.  Stein." 

Along  the  lines  of  conservation  of  labor,  I  think  that  Mr.  Gray  has 
something  to  add  to  what  he  has  said  in  his  pamphlet. 

Mr.  Edward  Gray  (Chesapeake  &  Ohio)  : — I  would  like  to  call  atten- 
tion to  the  fact  that  the  railways  are  not  alone  in  wanting  labor.  The 
important  thing  is  to  increase  the  supply  of  labor  in  the  country  for  all 
of  the  really  necessary  industries,  the  railways  among  them.  The  meas- 
ures that  have  been  considered  by  the  Committee  look  to  the  railways 
getting  their  own  supply.  They  are  competitive  in  their  nature.  Every 
other  industry  can  also  serve  labor  in  the  same  way,  offer  it  the  same 
advantages,  offer  it  an  equal  measure  of  justice,  offer  it  often  superior 
living  conditions. 

There  is  a  broader  aspect  of  the  question.  It  is  necessary  that  the 
supply  should  be  increased,  or  rather,  that  the  total  labor  supply  of  this 
country  should  be  used  for  the  essential  things,  and  gradually  taken 
from  the  non-essential  things.  There  is  no  other  way  in  which  labor 
can  be  had  for  the  things  we  want.  As  it  stands  now,  the  least  impor- 
tant industry  competes  with  the  railways  and  even  with  the  shipyards, 
in  employing  labor.  The  railways  have,  of  course,  a  fixed  price  level. 
The  artificial  limitation  of  their  earning  power  tends  to  handicap  them 
in  competing  for  labor.  The  prices  of  some  necessities  are  limited ;  but 
the  producers  of  luxuries  and  non-essentials  are  free  to  charge  as  they 
will,  and  can  pay  the  best  prices  for  labor.  Meanwhile,  of  course,  the 
prophets  of  "business  as  usual"  urge  the  indiscriminate  maintenance  of 
every  form  of  our  ordinary  business  activity,   even  the  most   frivolous. 

The  question  of  labor  supply  is  one  of  concentration  of  effort,  of 
sacrificing  what  is  less  necessary  in  favor  of  what  is  more  necessary. 
There  can  not  be  exact  definitions  of  non-essentials,  but  most  of  us  could 
agree  as  to  many  of  the  things  that  it  is  not  important  to  produce  dur- 
ing the  war. 

The  Chairman  of  the  Committee  has  been  kind  enough  to  refer 
to  a  little  pamphlet  I  have  written  on  the  subject.  I  hope  some  of  the 
members  have  read  it.  I  want  to  add  something  as  to  the  practicability 
of  re-directing  our  labor  supply.  Most  of  you  may  know  that  regula- 
tions to  this  end  have  been  in  force  in  Great  Britain  for  more  than  a 
year.  They  are  wider  in  their  scope  than  we  would  probably  require, 
and  they  have  had  marked  success.  So  far  as  I  know  the  shift  of 
industry  has  been  made  with  little  individual  hardship ;  less,  I  am  sure, 
than  would  otherwise  have  occurred  in  a  long  war. 

If  we  undertake  this  process,  it  is  clear  that  the  tonnage  to  be  moved 
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will  become  greater  than  it  is  now;  for  a  given  number  of  men  will,  no 
doubt,  produce  a  greater  tonnage  of  necessities  than  of  luxuries.  The 
railways,  then,  will  require  something  more  than  their  proportionate 
share  of  the  labor  released  from  non-essentials.  The  question  is  much 
greater  than  one  of  railway  interest ;  it  is  one  of  supreme  national  inter- 
est. The  power  of  the  nation  as  a  whole,  its  creative  effort  on  which 
the  issue  of  the  war  depends,  is  limited  by  its  use  of  labor  for  many 
things  that  might  easily  be  foregone. 

Mr.  Layng : — There  is  one  feature  in  connection  with  the  handling 
of  labor  at  this  time  that  we  experience  in  Pennsylvania,  and  that  is 
the  influence  of  liquor  on  the  large  overturn  among  common  labor.  I 
simply  want  to  call  attention  to  this  as  one  factor  in  this  problem. 
Those  of  you  that  are  in  "dry"  territory  do  not  have  this  problem 
probably  at  all ;  at  least,  not  to  the  extent  that  we  do.  We  find  that  on 
pay-day  a  large  percentage  of  our  men  leave  us  for  several  days  at  a 
time,  and  then  finally  come  back.  This  disorganizes  our  work  and  is  a 
great  economic  waste. 

The  President: — That  is  a  subject  I  would  like  to  hear  discussed. 
If  there  are  some  people  from  "dry  states"  I  think  the  Association  would 
be  interested  in  hearing  what  their  experience  has  been. 

Mr.  L.  M.  Perkins  (Northern  Pacific)* — We  have  had  some  experi- 
ence in  the  State  of  Washington  on  the  west  end  of  the  Northern  Pacific, 
though  our  experience  is  that  it  is  complicated  by  the  large  amount  of 
other  work.  Under  the  existing  conditions,  men  are  able  to  get  work 
very  readily,  and  they  quit  just  as  often  as  they  did  before,  but  the  pay- 
check lasts  a  good  deal  longer  and  they  stay  out  longer.  We  have  more 
idle  men  lying  around. 

Mr.  J.  L.  Pickles  (Duluth,  Winnipeg  &  Pacific)  : — Another  aspect 
of  this  is  the  influence  of  the  commercial  labor  agents.  Their  interests 
are  diametrically  opposed  to  the  interests  of  the  railroad  company.  The 
oftener  men  leave,  the  oftener  they  get  their  fee,  and  I  believe  they 
offer  every  inducement  to  those  men  which  would  influence  them  to  quit, 
and  the  railroads  would  gain  a  point  if  they  could  get  away  from  the 
use  of  the  commercial  agents. 

Mr.  Lindsay :— I  think  we  will  all  agree  that  the  latest  offspring  of  the 
Association,  the  Committee  on  Economics  of  Railway  Labor,  gives  promise 
of  being  an  infant  prodigy.  I  hope  that  it  will  continue  its  work  and 
realize  all  wc  expect  of  it. 

There  was  one  thing  read  at  the  morning  session  that   1   and  some 

others    believe    should    be    emphasized,    and    if    you    will    hear    with    me.    1 

will  repeat  it. 

I  Mr.  Lindsay  here  read  the  three  clauses  quoted  hy  Chairman  I.euiO 
That    comes    from    an    outside    souree,    and    yet    it    is    presented    h\    this 

Committee,  and  I  believe  inasmuch  as  it  voices  the  sentimenl  of  several 
members  of  the  Committee  who  have  been  giving  this  subject  stud]  for 
the  last  six  months  oi  a  year,  thai  it  should  be  really  embodied  as  pari 
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of  the  Committee's  report,  and  should  he  accepted  with  it  through  the 
Association. 

Mr.  Lewis : — I  would  like  to  correct  one  remark  of  Mr.  Lindsay's, 
in  this,  that  this  memorandum  that  he  has  read  so  far  as  the  Committee 
is  concerned,  is  a  direct  result  of  its  discussion  last  fall,  about  October 
or  November. 

Mr.  Lindsay: — I  desired  to  give  that  impression.  If  I  did  not  I 
failed  in  my  effort. 

The  President: — I  would  like  to  ask  for  information  if  the  Com- 
mittee wishes  to  state  anything  in  this  that  prevents  railways  from 
following  their  present  practice,  and  simply  say  that  they  may  call  on 
the  Government  for  assistance.  I  presume  the  conditions  will  be  such 
this  year  that  we  will  be  glad  to  get  men  wherever  we  can,  and  I  wonder 
it  it  is  the  desire  of  the  Committee  that  this  should  be  embodied  in  their 
report. 

Mr.  Lewis : — The  exigencies  created  by  the  storms  of  the  past  sea- 
son are  painfully  fresh  in  the  minds  of  all  Americans. 

The  American  people  as  a  people,  their  institutions,  public  and  pri- 
vate, in  the  middle  states,  were  unprepared  for  handling  unusual  accumu- 
lations of  snow  and  ice. 

Although  the  steam  railroads  were  better  prepared  than  the  cities, 
the  electric  railroads  and  the  industrial  concerns,  they  were  neverthe- 
less not  well  enough  equipped  to  prevent  partial  paralysis  of  transporta- 
tion. It  is  true  that  conditions  other  than  weather  conditions  had  most 
to  do  with  the  case,  so  far  as  the  railroads  were  concerned. 

It  is  true  that  there  are  no  machines  which  will  keep  traffic  moving 
during  some  great  storms.  But  it  is  also  true  that  of  the  machines 
and  methods  known  and  used  to  clear  tracks  of  snow  and  ice  in  parts 
of  this  country,  where  severe  storms  are  usual  in  winter,  some  are  un- 
known and  few  are  used  in  the  middle  states. 

It  is  likewise  true  that  the  possession  of  adequate  snow  and  ice 
fighting  machinery  in  good  condition,  and  adequate  organizations  of 
specially  trained  men  to  handle  the  machines,  means  preparedness,  and 
incalculable  economy  on  railways  in  case  of  winter  storms,  while  the 
lack  of  either  will  mean  certain  disaster. 

Are  we  to  see  preparedness  or  will  the  recent  winter  be  forgotten 
in  the  new  problems  of  the  moment  and  the  old  hope  that  next  winter 
will  be  mild?  It  is  true  that  snow  equipment  lies  idle  sometimes  for 
many  months.  Yet  would  it  not  have  been  worth  while  last  winter  to 
have  had  in  any  railroad  yard  a  machine  which  was  adaptable  to  cutting 
hard  snow  and  ice  from  track  centers?  The  saving  of  the  labor  of  five 
hundred  men  in  railway  yards  is  a  claim  too  extreme  to  be  made  with- 
out absolute  confidence.  I  say  without  fear  of  contradiction  that  this 
can  be  done  with  a  machine  costing  $1,200. 

In  order  to  explain  the  one  special  use  of  this  machine,  let  us  be- 
gin with  the  cleaning  of  snow  and  ice  from  tracks,  which  is  a  duty  known 
to  all  railway  track  men  and  practiced  by  most  of  them. 
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Snow  plows,  wideners  and  spreaders  clean  the  snow  to  rail  level  for 
a  width  necessary  for  train  movements.  Switch  leads  are  cleaned  by 
hand,  to  the  base  of  rail. 

Flangers  clear  spaces  six  to  ten  inches  wide  and  two  inches  deep, 
below  top  of  running  rails  for  the  flanges  of  wheels. 

But  few  railways  possess  any  machine  adequate  to  remove  snow 
and  ice  from  the  center  of  track.  During  and  after  deep  snow  falls, 
and  especially  in  yards,  this  space  between  the  rails  becomes  a  foot  path 
as  soon  as  the  snow  plow  has  cleared  it.  The  snow  left  between  the 
rails  is  packed  hard  in  a  very  short  time.  Water  dripping  from  trains 
and  engines  freezes  into  this  snow.  Soon  a  high,  hard  ridge  forrm  be- 
tween the  rails.  Nearly  every  railway  company  north  of  the  Mason  and 
Dixon  line  has  occasional  trouble  from  hard  center  track.  In  the  north 
it  is  a  daily  problem  in  winter,  a  continual  menace  to  life,  a  constant 
expense  to  the  company,  and  a  nightmare  to  the  track  man. 

After  many  trials  of  different  devices,  I  am  able  to  present  to  you 
plans  of  an  "ice  cutter  car,"  which  will  remove  the  most  solid  ice  from 
track  centers.  The  general  plan,  which  has  been  altered  considerably, 
was  obtained  from  the  Canadian  Pacific  Railway,  Lines  East.  This  de- 
vice consists  essentially  of  a  row  of  teeth  of  tire  steel,  bolted  to  a  steel 
plate  set  across  the  track  between  the  rails  in  front  of  a  small  plow, 
both  hung  under  the  middle  of  the  car  floor  and  raised  and  lowered  by 
means  of  a  counter-weighted  lever  operated  by  compressed  air  obtained 
from  the  locomotive.  The  car  is  suitably  reinforced  and  weighted. 
The  lever,  air  cylinder  and  reservoir  are  in  the  operator's  cab. 

The  success  of  ice  removal  is  here  dependent  on  the  small  surfaces 
presented  to  the  ice  by  the  row  of  sharpened  steel  teeth  as  compared 
with  the  noses  of  plows,  which  cannot  be  held  down  into  the  ice.  The 
plow  or  flanger  following  the  ripping  action  of  the  teeth  throws  the 
broken  ice  outside  the  rails.  Proper  care  must,  of  course,  be  taken  to 
raise  the  teeth  over  switch  leads  and  crossings;  and  to  stop  when  rais- 
ing the  flanger  to  clean  ice  off  rails  to  prevent  derailing  the  rear  truck. 
The  teeth  will  cut  the  top  off  a  high  tie,  rip  out  crossing  plank,  or  cut 
through  six  inches  of  solid  ice,  with  no  damage  to  the  machine. 

The  Duluth,  South  Shore  &  Atlantic  has  two  of  these  cars  built 
at  a  cost  of  about  $1,000  each.  They  are  in  almost  constant  use  in  mid- 
winter, especially  in  station  yards,  for  it  is  then  thai  ice  accumulates 
quickly  in  track  centers. 

In  \m\  hard  snow  the  ice  cutter  can  be  safely  operated  at  four  to 
mx  miles  per  hour;  in  solid  ice  from  two  to  four  miles  per  hour.  The 
present  total  COSl  is,  say,  $75  per  day.  The  saving  effected  direct  and 
indireel  is  so  greal  as  to  l>e  almost  incalculable.  When  snow  gets  high 
and  hard  in  track  centers,  brake  rigging  and  truss  rods  drag  over  it. 
impede  the  progress  of  trains  and  reduce  the  tonnage  of  locomotives. 

It  is  estimated  thai  at  a  total  cosi  of  $75  per  daj  one  of  these  cars 

will  perform  work  which  will  cosi  $1,500  per  day,  if  done  with  pick  and 

hovel.     The    saving   made   in    increased    tonnage    hauled    is    great,   but 
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variable.  When  without  means  to  clear  ice  from  track  centers,  railway 
companies  ordinarily  worry  along  without  spending  the  money  to  pick 
the  ice  out  unless  absolutely  compelled,  with  the  result  that  increased 
power  must  be  used  for  trains  or  else  the  tonnage  must  be  decreased. 
Winter  train  reports  which  read  "time  lost  on  account  of  snow,"  "on 
account  of  cold,"  "on  account  of  engines  not  steaming,"  "on  account  of 
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Fig.  16-A — Ice  Cutter  Car. 
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Fig.  17 — Winter  Track  Condition's. 


Fig.  19 — View  ok  Work  Done  by  Ice  Cutter. 
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slippery  rails  and  hard  wheeling,"  in  most  cases*  should  read  "on  account 
of  snow  and  ice  high  and  hard  in  track  centers." 

These  conditions  can  be  readily  relieved  by  the  use  of  ice  cutter  cars. 
If  any  other  device  exists  which  will  so  cheaply  and  effectively  do  this 
work,  it  is  unknown  to  mc. 

The  ice  cutter  car  is  not  patented,  nor  do  I  know  of  any  of  the 
parts  peculiar  to  this  operation  that  are  patented. 

The  machine  can  easily  be  made  in  any  fairly  equipped  railway  di- 
vision machine  shop. 

Mr.  Lindsay : — Necessity  is  the  mother  of  invention.  Whoever  de- 
vised that  scheme  certainly  has  been  hiding  his  light  under  a  bushel, 
because  I  know  of  many  men  in  the  East,  who  would  have  given  much 
for  it  if  they  could  have  had  it  this  winter.  They  experienced  such  pro- 
longed cold  weather  that  the  ice  formed  in  the  yards  faster  than  they 
could  possibly  get  labor  to  remove  it.  Finally  in  desperation  we  took 
a  tie  8  by  12,  with  a  beveled  front,  put  a  6-in.  flanged  angle-iron  on 
the  toe  of  it,  sharpened  the  edge  and  put  teeth  in  every  6  in.,  put  it  in 
front  of  a  wheel  like  we  use  to  spread  cinders,  and  we  pushed  it  through 
the  ice  with  good  results. 

Mr.  Lewis : — This  ice-cutter  car  is  not  made  to  do  the  work  of  a 
leveler;  in  fact,  it  is  not  designed  to  handle  soft  snow,  but  in  a  yard 
after  you  have  used  your  leveler  and  all  your  other  appliances,  and  you 
have  left  snow  and  ice  four  or  five  inches  above  the  top  of  your  ties, 
I  do  not  think  you  can  get  clear  of  that  ice  with  a  plow.  I  have  tried 
plows  many  times  and  never  have  had  any  success  until  I  got  this  tooth 
arrangement. 

Mr.  R.  H.  Ford  (Rock  Island  Lines)  :— The  Rock  Island  has  used 
a  Jordan  leveler  to  accomplish  about  the  same  results  as  Mr.  Lewis  has 
described.  Two  tracks  were  cleaned  at  a  time  and  the  ridge  between 
them  removed  in  the  same  operation.  All  that  Mr.  Lewis  has  stated 
for  his  device  applies  with  equal  force  to  the  Jordan  leveler.  During 
the  past  winter  the  extensive  Burr  Oak  Yards  of  the  Rock  Island  at 
Chicago  were  entirely  cleared  of  snow  by  the  use  of  the  Jordan  leveler, 
a  space  20  feet  wide,  including  two  tracks  and  the  ridge  between  them, 
being  cleared  and  the  snow  piled  up  on  the  adjoining  tracks;  the  leveler 
then  operating  on  the  adjoining  track  thus  cleared  and  the  snow  pushed 
for  the  next  two  tracks  until  a  great  bank  of  snow  had  been  collected, 
a  central  yard  track  being  abandoned  for  the  purpose.  The  snow  was 
then  loaded  by  a  clam  shell.  This  permitted  immediate  operation  of  the 
yards  under  advantageous  conditions.  The  cost  of  the  mechanical 
clearing  of  the  yard  thus  described  being  enormously  reduced  as  com- 
pared with  clearing  by  laborers,  as  is  usual  in  such  cases. 

Mr.    I.    V.    Manna    (Kansas  City  Terminal): — 1   might    say   that    we 

good  deal  of  service   from   a  device   such   as   was   just   shown   in 

making    repairs.     We    cut    rails;    we    cut    bolt    holes    and    repair    frog 

point-.     The    street    railway   companies    repair    frogs    by    taking    a   hard 

Itietal,    hard    steel    of    some    SOTl      possibly    they    use    electric    current     for 
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this   instead   of  the  oxy-a'cetylene  flame — and  they  build   up   these   worn 
points  right  in  the  track  without   removing  them. 

Mr.  Lewis: — On  the  subject  of  the  use  of  steam  for  cleaning  out 
snow  and  ice,  I  might  say  that  we  have  for  a  long  term  of  years  used 
steam  hose  for  other  purposes  in  connection  with  snow  and  ice,  thaw- 
ing out  locomotive  water  tanks,  cleaning  the  snow  and  ice  off  the  trucks 
of  cars,  and  for  the  running  gear  of  locomotives,  and  have  found  it 
even  more  successful  there  at  times  than  for  cleaning  out  switch  points, 
because  if  the  temperature  is  low  enough  the  use  of  steam,  and  the  result- 
ing condensation,  if  you  do  not  have  perfect  drainage,  the  water  result- 
ing from  the  use  of  -  steam  is  likely  to  freeze  very  quickly.  I  would 
not  say  that  it  is  cold  enough  in  the  northern  part  of  this  country  to 
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Fig.  28 — Weed  Grader,  New  York  Central  Railroad. 


freeze  the  steam  into  ice  before  it  hits  the  switch  point,  but  it  is  pretty 
nearly  cold  enough  to  do  it. 

Mr.  Lindsay: — The  weed  remover  was  used  primarily  in  stone  bal- 
lasted track  on  the  western  division  of  the  New  York  Central  Lines, 
in  the  vicinity  of  Batavia.  It  was  designed  by  the  Supervisor  of  track, 
A.  M.  Clough.  I  cannot  speak  of  my  own  knowledge  as  to  the  results 
attained.  I  have  seen  some  of  the  track  on  which  the  apparatus  has 
been  used.  It  apparently  loosens  up  the  weeds  and  they  wither  by  ex- 
posure to  the  sun.  Just  how  efficacious  it  is  in  ultimately  killing  the 
weeds,  or  whether  it  acts  as  a  cultivator  to  promote  the  growth  of  weeds, 
has  yet  to  be  determined,  but  apparently  it  has  considerable  merit. 

Mr.  Geo.  W.  Vaughan  (New  York  Central)  :— Fig.  28  shows  grader 
which   is  designed  to  be   attached  to   roadbed   spreader,   the   purpose  of 
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which  is  to  loosen  up  stone  ballast  and  destroy  vegetation  between  tracks 
and  on  the  shoulders. 

This  design  of  grader  when  moving  at  the  rate  of  six  miles  per 
hour  and  working  8  hours  per  day  will  clean  48  miles  of  track  at  an 
approximate  cost  of  $31.  To  clean  the  same  amount  by  hand  would 
require  foreman  and  10  men  six  days  to  clean  one  mile  of  track,  either 
by  using  picks  or,  as  sometimes  is  done,  by  pulling  by  hand. 

At  the  present  rate  of  wages  the  cost  of  cleaning  48  miles  of  track 
by  hand  would  amount  to  $7,200. 

This  grader  is  placed  on  the  movable  post  of  spreader  and  when  not 
in  use  is  folded  close  into  the  side  of  the  car.  When  in  use  it  is  swung 
out  to  right  angles,  when  working  on  13-foot  centers  and  held  in  place 
by  a  brace.  When  working  on  12-foot  centers  it  is  dropped  back  by 
using  a  longer  brace  and  the  inner  tooth  removed.  It  is  quickly  lifted  by 
the  air  mechanism  of  the  spreader  over  any  obstructions,  such  as  monu- 
ments, trunkings,  or  crossings,  which  the  men  operating  it  look  out  for 
and  which  have  been  previously  marked. 


Fig.  29— Weed  Grader,  New  York  Central  Railroad. 

Mr.  C.  A.  Paquette  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — 
During  the  severe  snow  storms  of  this  winter  we  used  a  device  for  the 
cleaning  of  snow  and  ice  from  frogs  and  switches,  which  is  simple  and 
might  be  of  interest.  The  apparatus  consists  of  replacing  the  steam 
hose  in  back  of  the  tender  with  Eorty  or  fifty  Eeet  of  hose  and  a  «as  pipe 
nozzle  at  the  end.  A  man  at  the  rear  of  the  tender  regulates  the  Bom  of 
-.tram  li>  means  of  a  globe  valve.  The  length  of  hose  is  necessary  in 
order  to  perform  the  work  within  a  reasonable  radius  and  without  h.i\ 
bag  to  move  the  engine  constantly.  The  cleaning  of  snow  and  ice 
twitches  with  two  nun  averaged  ^i\  minutes.  The  job  is  thoroughly 
done,  the  steam  being  of  sufficient  pressure  to  blow  out  the  water  which, 
otherwise,   would   have    frozen   the   switch   point--.     This   method   is    far 
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quicker  and  better  than  can  be  done  by  picking  out  the  snow  and  ice 
by  hand.  It  was  found  that  two  men  handling  the  hose  would  do  the 
work  of  eight  or  ten  men  under  the  ordinary  method  of  doing  the  work. 
It  might  be  pointed  out  that,  if  we  consider  engine  rental,  this  would 
not  be  an  economical  process.  On  the  other  hand,  it  must  be  considered 
that  the  quicker  the  process  of  doing  such  work  the  quicker  a  railway  is 
given  the  use  of  its  terminal  facilities,  so  that  the  matter  of  time  in 
utilizing  an  engine  in  this  service  is  of  no  moment  when  the  larger  ques- 
tion of  the  use  of  facilities  is  considered. 


Fig.   30 — Snow   Melter,  Big  Four  Railway.     Attachment  on  Tender. 


Mr.  Lindsay : — I  have  used  this  winter  in  Albany  an  electrical  device 
for  warming  switches.  It  has  been  used  very  extensively  on  the  New 
York  Central  in  the  electric  zone,  where  power  is  easily  accessible  and 
comparatively  cheap,  and  it  has  given  remarkable  results.  In  my  case 
I  was  using  it  experimentally  to  see  what  it  would  accomplish  in  colder 
climates  than  the  zone  around  the  Grand  Central  Terminal,  and  we  have 
four  switches  equipped  with  this  device,  which  consists  of  a  resistance 
coil  buried  in  the  ballast  between  the  ties  and  the  switch  rods,  to  a 
depth  of  about  three  inches  below  the  top  of  the  ballast.  When  a  storm 
starts,  the  signal  maintainer  goes  in  and  turns  the  switch  and  after  the 
current  has  been  on  for  a  time  the  area  of  ground  is  warm  enough 
so  that  you  can  feel  it,  and  the  current  is  left  on  until  the  storm  sub- 
sides. During  the  winter  we  never  touched  these  two  switches,  althougi 
we  had  an  army  of  men  on  the  others.  In  that  particular  experiment 
the  cost  of  current  was  about  $25  per  month  per  switch. 

Mr.  C.  A.  Morse  (Rock  Island  Lines)  : — The  proposition  I  have  to 
present  to  you  is  the  result  of  my  having  spent  my  life  on  the  granger 
railroads,  with  the  result  that  I  have  become  somewhat  of  a  farmer. 
Last  fall,  while  on  a  trip  over  our  northwestern  lines,   I    found  that  our 
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Fig.  31 — Snow  Meltkr  in  Service. 
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right-of-way  was  not  being  mowed  for  the  reason — although  offering 
sixty  cents  an  hour  for  farmers'  teams — that  it  was  impossible  to  get 
teams.  It  struck  me  that  if  this  was  the  case  at  the  present  time,  with 
the  farmers  increasing  the  use  of  the  tractor  and  maintaining  fewer 
teams  on  the  farm,  it  would  soon  be  impossible  to  hire  teams  from  farm- 
ers for  railroad  work.  It  also  occurred  to  me  that  if  the  farmer  was 
finding  the  tractor  a  good  investment  for  his  work,  the  railroad  should 
find  it  an  equally  good  investment  for  the  class  of  work  the  railroad 
company  had  been  having  done  by  farm  teams.  I,  therefore,  started  an 
investigation  to  see  what  kind  of  a  tractor  would  be  best  adapted  for 
railroad  work,  and  finally  found  a  small  caterpillar  tractor  which  looked 
as  though  it  would  be  practical  for  use  in  connection  with  railroad 
maintenance  work.  I  figured  that  the  tractor  could  be  used  with  a  mow- 
ing machine  attachment  for  mowing  the  shoulder  of  embankments  and 
for  mowing  the  right-of-way.  With  a  ballast  cleaning  attachment  it 
could  be  used  for  cleaning  the  shoulder  of  ballast.  With  a  plow  and 
wheel-scraper  attachment  it  could  be  used  for  ditching  cuts,  cutting 
surface  ditches  and  other  classes  of  grading.  We  have  been  using  a 
shoulder  ballast  cleaner,  hiring  a  team  to  haul  it,  which  would  clean 
the  shoulder  on  one  side  of  the  track  at  the  rate  of  ten  miles  a  day. 
With  a  tractor,  both  shoulders  could  be  cleaned  at  the  same  time.  Some 
of  our  Division  Engineers  have  figured  that  by  the  use  of  a  ballast 
shoulder  cleaner  the  weeds  could  be  kept  out  of  the  shoulder  of  the  bal- 
last for  one-tenth  of  the  cost  of  cleaning  by  hand.  I  corresponded  with 
the  manufacturers  of  this  tractor  and  finally  interested  them  in  the 
application  of  same  to  railroad  maintenance  work,  with  the  result  that 
they  have  shipped  one  to  the  National  Railway  Appliance  Exhibition  now 
in  session  at  the  Coliseum,  and  sent  their  representative  here  with  some 
moving  picture  films  to  show  what  this  tractor  could  do;  my  idea  being 
that  when  we  had  seen  this  moving  picture  exhibit  we  could  judge  for 
ourselves  whether  or  not  it  was  applicable  to  railroad  maintenance  work. 

(A  number  of  slides  showing  the  Cleveland  tractor  were  then  pro- 
jected on  the  screen.) 

The  President : — We  will  now  have  some  slides  on  the  Mechanical 
Tie  Tamper,  which  will  be  explained  by  Mr.  Hale. 

Mr.  H.  E.  Hale : — Through  the  kindness  of  Mr.  W.  H.  Armstrong, 
of  the  Ingersoll-Rand  Company,  we  are  going  to  show  a  moving  pic- 
ture of  the  operation  of  a  mechanical  tie  tamper.  This  was  quite  a 
long  picture,  taking  about  35  minutes,  originally  designed  for  advertis- 
ing purposes.  The  Ingersoll-Rand  people  have  cut  it  down  to  purely 
the  technical  part,  and  it  takes  about  eleven  minutes,  and  after  that 
we  shall   show  some  other  track  tools   operated  by   compressed   air. 

Mr.  Geo.  W.  Vaughan  (New  York  Central)  : — Owing  to  the  shortage 
of  labor  and  the  increase  in  weight  of  cars,  locomotives  and  all  track 
material,  the  New  York  Central  in  1910  found  it  necessary  to  provide 
some  means  for  handling  track  material,  rails,  frogs,  etc.,  and  for  light 
wrecking.     To  accomplish  this  they  decided  that  a  derrick  car  would  be 
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best  adapted  for  the  purpose  for  which  they  wished  to  use  it.  The  car  to 
meet  the  following  requirements : 

Capacity,  10  tons. 

Car  to  be  built  with  steel  frames  filled  in  with  concrete. 

Car  to  be  equipped  with  a  bull  wheel  for  easier  and  quick  handling 
of  derrick. 

Car  to  be  of  such  a  design  that  when  in  operation  it  would  not  in- 
terfere with  trains  on  an  adjacent  track. 

At  this  time  manufacturers  were  not  building  cars  of  this  nature, 
and  as  the  New  York  Central  Railroad  were  unable  to  purchase  a  car  to 
meet  their  requirements,  they  had  to  design  a  car  and  furnish  specifica- 
tions of  which  the  following  is  a  description : 

Car  consists  of  a  steel  platform,  approximately  40  ft.  long,  the  main 
members  of  which  consist  of  18-in.  I-beams,  thoroughly  braced  with 
I-beams  and  angles  and  filled  in  with  concrete,  so  as  to  properly  resist 
thrust  and  torsion.  This  platform  is  supported  upon  two  four-wheel 
standard  M.  C.  B.  trucks.  Outriggers  are  added  at  the  center  line  of 
the  front  truck,  consisting  of  a  casting  permanently  attached  to  the  18-in. 
I-beams.  The  height  of  this  outrigger  is  such  as  to  permit  the  quick 
placing  of  simple  blocking.  Upon  this  platform  rests  the  boom  and  its 
supports,  together  with  engine,  coal  and  water  pockets.  The  boom  and 
its  supports  are  made  up  as  follows: 

The  boom  consists  of  two  10-in.  channels  thoroughly  braced  with 
channel  diaphragms  and  lacing  and  is  approximately  22  ft.  long  to  main 
hoist  and  30  ft.  to  auxiliary  hoist.  This  boom  is  supported  on  I-beams 
that  in  turn  rest  on  a  cap  supported  by  a  cast-iron  pillar  with  a  wide 
base  to  insure  stability  and  transmission  of  stress  to  the  body  of  the  car. 
The  pillar  is  made  up  of  an  iron  casting  upon  which  rests  a  ball  and 
roller  bearing  cap  that  reduces  the  friction  of  the  topping  line  yoke  to  a 
minimum.  •  The  boom  is  swung  with  a  bull  wheel,  which  is  equipped 
with  roller  bearings,  the  wheel  being  made  of  angles  thoroughly  braced 
and  to  which  is  attached  a  10-35/100  ton  counterweight  for  balancing 
the  dead  weight  of  the  boom  in  all  positions.  The  main  hoist  is  made 
up  of  two  ball  bearing  sheave  steel  blocks  which  have  a  four-part  line. 
The  main  hoist  consists  of  one  sheave  block.  The  floor  of  the  car  is 
covered  with  3-in.  planking,  except  at  the  forward  portion  around  the 
pillar  crane,  which  is  filled  with  concrete.  The  housing  for  the  engine 
is  so  arranged  with  movable  covers  as  to  afford,  when  removed,  to  the 
engineer  an  unobstructed  view. 

Tin    car  is  equipped  with  J.  S.  Mundy's  engine  of  20  h.p.  capacity, 

igin<    has   two  6j^-in.   x   12-in.  cylinders,   two    14-in.   drums,   with 

patent   boom  swinging  device,  and  38-in.   x  90-in.  boiler  of  20  h.p.     The 

engine  is  capable  of  a  direct  pull  of  5,000  lbs.  and  is  equipped  with  hand 

and  foot  brakes. 

Sufficient  coal  and  water  ran  be  carried  for  one  and  a  half  days' 
ppi  ration. 

'Ih'    Cai    has  a   lifting  <apacit>    of  3,000  lbs.   with   I in   at    right   angles 
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to  the  car,  28  ft.  from  center  line  of  track.  On  a  forward  lift  it  has  a 
lifting  capacity  of  10  tons  on  main  hoist,  17  ft.  in  front  of  center  line  of 
truck,  or  11  ft.  from  the  end  of  car  without  the  use  of  outriggers.  As 
an  additional  feature  the  boom  can  swing  in  a  complete  circle  if 
necessary. 

Car  is  operated  by  one  man.  In  unloading  rail  only  three  men  are 
required — engineer  to  operate  the  derrick  car,  one  man  hooking  on,  and 
one  man  releasing  the  hooks.  On  main  line  operation  150  to  400  rails 
a  day  can  be  unloaded,  on  single  track  lines  200  to  400  rails  can  be 
unloaded. 

The  use  of  this  car  shows  a  saving  of  $6.80  per  day  over  similar 
cars  which  are  used  for  the  same  purpose,  and  shows  a  saving  of  $30.00 
per  day  over  the  same  class  of  work  handled  by  manual  labor. 

At  the  present  time  the  New  York  Central  have  seven  of  these  cars 
in    service,    and   an    order   placed    for    four   additional   cars.      These    cars 


Fig.  20— Ten-Ton   Derrick  Car,  New  York  Central  Railroad. 


have  been  doing  very  satisfactory  work  and  have  paid  for  themselves 
many  times  over. 

Mr.  Geo.  W.  Vaughan  (New  York  Central)  :— The  New  York  Cen- 
tral Railroad  first  began  experimenting  with  tie  tampers  in  1913.  The 
tamper  gave  such  good  results  that  a  further  order  for  twelve  pneumatic 
and  one  electric  sets  was  placed  that  fall  for  service  in  1914.  An  addi- 
tional order  was  placed  in  1916  for  twenty-five  (25)  sets  and  a  further 
order  was  placed  for  seventy-five  (75)  in  1916  and  spring  of  1917,  ;i- 
well  as  an  order  for  fifty  (50)  sets  for  use  in  1918. 

The  tie  tamper  outfits  used  on  the  New  York  Central  are  known  as 
the  two-tamper  outfits.  That  is,  the  compressor  will  furnish  air  for  two 
tampers  only.  One  of  these  outfits  is  placed  on  a  section,  the  gang  using 
it  for  tamping  ties  and  transporting  the  men  to  and  from  work. 

The  tools  used  for  this  work  are  known  under  the  name  of  the 
"Imperial  Tic  Tamper,"  made  by  the  Ingersoll-Rand  Company.  The  tool 
complete  weights  37I4  lbs.,  and  with  tamping  bar  inserted  the  length  i> 
3  ft.   10  in.     The  air  inlet  is  y^-in.  in  diameter.     The  throttle  is  of  two- 
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wing  balanced  type,  obviating  the  possibility  of  closing  due  to  vibration, 
and  the  tool  is  fed  by  a  24-in.  hose. 

The  tools  are  designed  for  operation  normally  on  air  at  75  to  80  lbs. 
pressure  per  square  inch.  The  amount  of  air  consumption  at  80  lbs. 
pressure  is  19  cu.  ft.  per  minute.  For  work  in  different  kinds  of  ballast 
there  are  three  tamping  bars  of  different  thickness,  all  being  18  in. 
long.  That  for  broken  stone  ballast  of  2-in.  size  has  a  tamping  face  of 
5^  in.  x  3  in.  For  ballast  finer  than  2  in.,  washed  gravel  and  slag,  the 
tamping  face  is  ~/%  in.  x  3  in.  For  cinders,  earth,  gravel,  sand,  etc.,  the 
tamping  face  is  \%  in.  x  3  in.  Each  tamping  outfit  consists  of  tampers, 
a  power  machine  and  hose  connections. 

What  is  known  as  the  machine  and  power  plant  consists  of  a  gaso- 
lene engine  and  an  air  compressor  upon  a  heavily  constructed  vehicle  of 
the  push-car  type.  A  view  of  the  machine  is  shown  in  Fig.  2.  This 
outfit  consists  of  a  5^x5x11  compressor  direct  coupled  to  a  two-cycle 
gasolene  engine  with  a  capacity  sufficient  to  operate  two  tamping  ma- 
chines. The  entire  outfit  is  mounted  on  a  specially  designed  car  having 
a  steel  underframe  and  convenient  lifting  handles  at  each  end.  The 
equipment  includes  automatic  gravity  feed  system  for  gasolene  supply, 
complete  with  gasolene  tank  of  15  gallons  capacity  placed  under  the  floor 
of  the  car;  water  circulating  system  with  pumps,  radiator,  and  cooling 
fan;  engine  is  equipped  with  clutch  connection  to  road  wheels  for  pro- 
pelling the  car,  engine  is  controlled  by  a  centrifugal  governor,  and  com- 
pressor by  automatic  discharge  line  unloader;  air  receiver  with  safety 
valves,  drain  cock  and  outlet  valve ;  ignition  battery  with  spark  coil  and 
switch;  muffler;  tool  box  with  necessary  tools  and  cross  trucks  for  de- 
railing and  removing  from  track. 

The  compressor  plant  and  car  arc  operated  by  the  foreman  or  by  a 
man  picked  from  the  section  crew,  who  shows  adaptability  to  handle 
machinery.  The  operations  consists  of  simply  starting  and  stopping  the 
compressor,  the  operator  being  employed  in  the  gang  the  balance  of  this 
time. 

The  tamping  tools,  Fig.  3,  are  used  by  ordinary  laborers,  and  they 
work  their  way  down  to  and  under  the  bottom  edge  of  the  tie  without 
removing  the  ballast  from  the  side  of  the  ties,  as  is  necessary  when 
hand  tamping. 

In  its  work  the  tool  lamps  the  ballast  under  the  tie  in  aboul  the  same 
manner  as  is  done  with  hand  tamping  picks. 

The  penumatic  tamper,  however,  can  be  used  more  advantageously 
in  many  ways,  especially  around  slip  switches;  also  in  tunnel  work.    The 

Muds. mi    tube    is    equipped    with    air    and    a    small    number    of    men    with 

tampei  an  tampini  ties  under  traffic,  where  Eormerlj  large  gangs  were 
n  ed  and  traffic  discontinued  while  work  was  being  done  in  this  particular 
case    six  nuii  doing  the  work  "i"  thirty  men. 

Ii  is  tin  observation  of  the  Foreman  that  the  pneumatic  tampers  do 
the  work  more  thoroughly   than  in  doing  work  by  tamping  picks  "t   bars 
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in  the  hands  of  the  average  track  laborer,  and  the  laborers  prefer 
these  tools  to  tamping  picks  for  ease  of  handling.  There  is  no  difficulty 
in  holding  the  tool  to  tamp  directly  under  the  rail  and  about  switches, 
turnouts,  frogs  and  other  cramped  quarters  and  at  water  pans,  where 
track  is  more  or  less  flooded  with  water.  The  operation  of  the  pneumatic 
tampers  is  more  efficient  than  of  hand  tamping  tools. 

During  the  past  season,  owing  to  the  shortage  of  labor,  the  force 
on  many  of  our  four-track,  three-mile  sections,  eleven  equivalent  miles, 
consisted  of  a  foreman,  two  laborers,  and  a  tie-tamping  outfit.  On 
one  section  in  particular  the  foreman,  by  leaving  the  tamping  outfit 
out  on  the  line  and  by  use  of  work  train  to  shift  it,  was  able  to  tamp 
(.very  tie  in  his  two  fast  express  tracks  in  addition  to  installing  ties  and 
taking  care  of  other  section  work  ordinarily  done  by  a  gang  of  10  men. 
By  the  use  of  the  tie  tamper  ties  can  be  dug  out  and  spotted  in  and 
thoroughly  tamped  without  disturbing  adjacent  ties.  Pneumatic  tie 
tampers  also  expedite  work  in  other  ways  as  follows :  By  equipping  it 
with  a  rose  drill,  it  can  be  used  for  drilling  holes  in  rock  excavation. 

Track  surfaced  by  pneumatic  tie  tampers  is  more  even  in  surface 
and  stands  up  longer  than  when  tamped  by  hand.  As  an  illustration,  two 
miles  of  track  on  a  good  sub-grade  on  the  New  York  Central  was  tamped 
by  machine  and  was  not  resurfaced  for  two  years,  there  being  not  a  spot 
that  needed  it. 

Another  section  6  miles  (9  equivalent  miles)  in  length  on  account 
of  bad  bottom  was  very  difficult  to  keep  in  good  condition.  For  the  last 
two  years  this  section  has  been  kept  in  good  condition  with  a  force  of 
foreman  and  four  men  and  a  tamping  machine,  which  could  not  have 
been  done  without  the  machine,  except  by  a  larger  gang.  All  foremen 
who  have  used  machines  agree  that  when  they  have  a  very  small  gang 
they  can  get  work  done  that  it  would  be  impossible  to  do  with  a  small 
gang  without  the  machine. 

Besides  the  advantages  mentioned  above,  there  is  an  immediate 
economy  in  the  use  of  this  machine,  because  the  work  can  be  done  more 
cheaply,  illustration : 

During  1917,  observations  were  taken  on  three  main-line  sections, 
on  each  of  which  we  had  four  men  and  a  foreman.  With  a  two-tool 
pneumatic  tamping  outfit  and  giving  the  track  a  surfacing  lift  of  from 
1  in.  to  1  y2  in.,  each  gang  surfaced  an  average  of  ten  rails  a  day,  while 
it  was  found  that  the  same  gang  without  a  machine  under  the  same  con- 
ditions surfaced  only  five  rails  a  day.  In  other  words,  the  gang  with  the 
machine  surfaced  a  mile  in  sixteen  days  and  without  a  machine  in  thirty- 
two  days.  Ordinarily,  with  laborers,  wages  at  twenty-two  cents  per  hour, 
it  will  cost  from  ten  to  twenty-five  cents  to  tamp  a  tie  with  a  tamping 
pick. 

The  item  "tie  tamped"  covers  the  work  of  tamping  the  tie  from  the 
rail  to  the  outside  end  of  the  tie  and  the  same  distance  from  the  rail 
towards  the  center  under  each  rail: 
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A  test  of  rate  of  work  and  cost  of  work  in  broken  stone  ballast 
was  as  follows : 

DAILY   COST    WITH    MACHINE. 

1  Foreman,   10  hours  @  32c $    3.20 

4  men,  10  hours-40  hours  @  22c 8.80 

12  gallons  of  gasolene  @  24c 2.88 

Oil— 2  pints  @  6c 12 

Total   $  15.00 

DAILY    COST    WITHOUT    MACHINE. 

1  Foreman,   10  hours  @  32c $    3.20 

4  men,  10  hours^lO  hours  @  22c 8.80 

Total   $  12.00 

COST   PER   MILE  OF  TRACK. 

Without  machine  32  days  @  $12.00 $384.00 

With  machine  16  days  @  $15.00 240.00 

Difference  in  favor  of  machine $144.00 

FIXED   CHARGES. 

When  we  began  the  use  of  the  tampers  we  assumed : 

Depreciation    @  10  per  cent. 

Interest    @     5  per  cent. 

Repairs    @     5  per  cent. 

Total  fixed  charges 20  per  cent. 

Our  experience  for  several  years  indicates  that  the  depreciation  and 
repairs  are  much  less  than  that  assumed.  However,  we  continue  for  the 
present  to  use  the  above  figures.  We  find  that  under  normal  conditions 
each  machine  will  be  used  for  tamping  20,000  tics  per  season.  On  this 
basis  the  fixed  charges  amount  to  2  cents  per  tie,  or  $64.00  per  mile, 
surfaced.  Therefore,  allowing  for  fixed  charges  in  the  above  statement 
we  will  still  show  a  saving  in  favor  of  the  machine  of  $80.00  per  mile. 

Our  machines  under  adverse  conditions  have  been  used  lor  surfacing 

from    three    to    six   miles    per   season,    and   normally   should    average    at 

ix  miles.     If  nice  the  annual  saving  per  machine  is  quite  substantial. 

This  does  not  take  into  account  the  secondary  saving  due  to  the  greater 

Stability  of  the  track. 

Electric  tic  tampers  were  first  used  on  the  New  York  Central  in 
1913.  These  have  been  improved  until  tin-  presenl  type  of  machine  has 
been   developed     The  tampers   now   used  weigh  90  lbs.   complete,   the 
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tamper  weighs  86  lbs.  and  the  bar  4  lbs.  The  motor  is  contained  in  a 
bell  on  the  side  of  the  machine  and  drives  a  crank  in  the  back  of  the 
casing.  The  crank  in  turn  moves  a  reciprocating  cylinder  within  which 
is  a  free  piston  driven  back  and  forth  by  the  air  compression  in  the 
cylinder  and  a  solenoid  at  the  lower  end  of  the  tamper,  the  reciprocating 
cylinder  shifting  the  magnetic  field  produced  by  the  solenoid.  Suitable 
handles  are  provided  to  support  the  tool  at  its  center  of  mass  and  a 
specially  designed  nose  piece  holds  the  tamping  bar  in  place.  The  con- 
trol is  located  in  a  switch  mounted  in  the  upper  handles.  On  account 
of  the  weight  it  requires  two  men  to  operate  each  machine. 

Twelve  of  these  machines  are  now  being  used  in  the  electric  zone 
and  others  are  in  service  on  the  exterior  zone.  In  the  electric  zone 
current  is  taken  from  the  third  rail  and  is  conveyed  to  the  machines 
through  resistance  boxes  by'  means  of  a  contact  device  which  is  laid 
across  the  rails.  The  resistance  used  is  similar  to  that  in  the  heaters 
installed  in  electric  cars  and  is  manufactured  by  the  Gold  Car  Heating 
&  Lighting  Co.,  New  York.  The  resistance  unit  is  lOj/i  in.  high,  12  in. 
wide  and  A2l/2  in.  long.  In  the  exterior  zone  the  power  is  secured  from 
a  generator  set  mounted  on  a  hand  car,  which  weighs  complete  2150  lbs. 
The  equipment  consists  of  a  car  and  a  4  h.p.  gasolene  engine  connected 
to  a  220-volt  generator  and  equipped  with  a  clutch,  so  that  the  engine 
may  be  used  to  drive  the  car.  The  outfit  supplies  ample  power  to  operate 
two  tampers  with  a  surplus  for  lights  and  drills. 

As  a  further  development,  it  has  been  planned  to  use  the  tampers 
in  the  electric  zone  between  Ltica  and  Syracuse.  In  this  district  because 
of  the  varying  voltage  it  is  not  possible  to  use  the  resistance  as  in  the 
electric  zone.  Instead  it  is  proposed  to  use  a  motor  generator  set  de- 
signed and  built  by  the  Electro-Magnetic  Tool  Company,  Chicago,  111., 
in  which  both  the  motor  and  generator  set  are  compound-wound.  This 
motor  generator  set  is  so  designed  as  to  take  care  of  the  fluctuation  in 
the  voltage  and,  as  the  weight  is  only  240  lbs.,  it  can  be  easily  handled 
by  three  men. 

The  generator  set  is  enclosed  in  a  strongly  constructed  box  and 
moved  to  points  where  required.  A  third-rail  contact  device  has  been 
designed  which  need  not  be  removed  for  traffic.  The  cost  of  current  for 
operation  is  7  cents  per  hour  on  the  basis  of  3  cents  per  k.  w.,  plus  10 
per  cent,  for  accounting. 

In  tamping  track  the  machines  are  generally  operated  in  sets  of 
three,  so  that  in  case  of  accident,  an  extra  tamper  is  at  hand  with  which 
to  continue  the  work.  The  tamping  is  done  by  two  machines  working 
simultaneously  on  opposite  sides  of  the  tie.  With  them  it  is  possible  to 
tamp  ties  closer  together  than  would  be  possible  to  lamp  by  hand.  All 
the  space  necessary  being  that  into  which  the  tamping  bar  can  be  driven. 
They  arc  especially  useful  around  switches  where  the  tics  are  closely 
spaced.  Some  interesting  data  has  been  compiled,  showing  the  cost  of 
\\<>rk  with  the  machines  as  contrasted  with  hand  work. 


DISCUSSION.  1155 

A  test  was  made  with  a  set  of  electric  tampers  late  in  the  winter 
under  unfavorable  working  conditions.  They  were  operated  in  this  case 
from  an  engine  generator  set  mounted  on  a  car.  The  outfit  was  assigned 
to  a  regular  main-line  section  gang  consisting  of  one  foreman  and  five 
men.  Two  men  were  assigned  to  each  machine,  which  is  necessary  on 
account  of  the  weight.  Four  men  were  doing  the  tamping  and  the  fifth 
digging  out  and  feeding  ballast  to  the  machine,  dressing  up  track,  etc. 
The  work  consisted  in  making  the  final  surface  after  the  track  had  been 
raised  12  in.  previously,  but  had  not  yet  been  put  in  service.  The  ties 
being  tamped  16  in.  on  the  outside  of  the  rail  and  8  in.  on  the  inside. 
Under  these  conditions  an  average  of  27  ties  were  tamped  per  hour. 
The  following  tabulation  shows  the  daily  cost  of  this  work: 

1  Foreman,  8  hours  @  32c $  2.56 

5  men,  8  hours — 40  hours  @  22c 8.80 

Gasolene,  4  gallons  @  24c 96 

Engine  oil,   2/z  pint  @  6c 04 

Total  per  day $12.36 

Time  of  crew  going  to  and  from  work 1.42 

Total  cost   $13.78 

Ties   tamped    216 

Cost  per  tic 064 

Another  test  of  tamping  by  hand  under  similar  conditions  shows 
with  the  above  the  comparative  cost  of  tamping  by  hand  and  by  ma- 
chines. Tamping  by  hand,  one  foreman  and  six  men  at  a  cost  of  $14.76 
per  day,  tamped  one  mile  of  track  in  26  days,  or  a  total  cost  per  mile  of 
$383.76.  The  gang  with  the  electric  outfit  tamped  a  mile  in  IS  days, 
which,  at  $13.78  per  day,  makes  a  total  cost  of  $206.70  per  mile,  showing 
a  difference  in  favor  of  the  machine  of  $177.06  per  mile. 

The  cost  of  tamping  with  the  electric  tampers  per  foot  of  track, 
including  fixed  charges,  figure  up  as  shown  below.  The  fixed  charges 
are  calculated  on  the  basis  of  the  following  costs:  The  engine  generator 
sel  mounted  on  a  car,  $500;  two  electric  tampers,  $400;  two  resistances, 
$100,  including  contacts,  cables,  etc.,  which  arc  used  when  current  is 
taken  from  the  third  rail  instead  of  the  engine  generator  set.  The  fixed 
charges  per  day  are  based  on  the  assumption  thai  the  machine  will  be  in 
service  180  working  days  per  year: 

TIE   TAMPERS    OPERATED    PROM     \    GENERATOR 

Operation 

Foreman,   10  hours  @  32c £  3.20 

•  men,  10  bonis  each    50  boms  @  22c 11.00 

dene,  4  gallons  @  24c I)'' 

Engine  oil,  ■'  .<,  pint  (r?  6c W 
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Fixed  Charges 

Depreciation — generator  @  15  per  cent 42 

Depreciation — two  tampers  @  30  per  cent 67 

Interest  and  maintenance.— generator  @  10  per  cent.       .28 
Interest  and  maintenance — 2  tampers  @  15  per  cent.       .33 

Total   per   day $16.90 

Average  of  356  ft.  tamper  per  day.     Total  cost  per 

loot $0,047 

TIE  TAMPERS   OPERATED   FROM    THIRD   RAIL. 

Operation 

1  Foreman,  10  hours  @  32c $  3.20 

6  men,  10  hours  each — 60  hours  @  22c 13.20 

Power,  96  k.  w.  hr.  @  lc 96 

J'ixcd  Charges 

Depreciation— 2  tampers  @  30  per  cent 67 

Depreciation — 2  resistances  @  15  per  cent 08 

Interest  and  maintenance — 2  tampers  @  15  per  cent.       .33 
Interest   and   maintenance — 2   resistances   @   10  per 

cent 06 

Total   per   day $18.50 

Average  of  356  ft.  tamped  per  day.    Total  cost  per 

foot    $0,052 

In  above  test  the  tampers  were  in  actual  service  an  average  of  8 
hours  out  of  a  10-hour  day.  Where  the  tampers  are  operated  from  the 
third  rail,  six  men  in  the  gang  are  necessary,  as  a  watchman  is  employed 
and  does  not  do  anything  except  to  look  out  for  trains. 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — The  applica- 
tion of  the  modern  methods  of  oxyacetylene  welding  to  the  construction 
and  repair  of  steam,  air  and  other  pipe  lines,  in  connection  with  railroad 
terminals  and  shops,  has  not  been  as  generally  made  use  of  as  the  re- 
sults warrant.  The  use  of  oxyacetylene  results  not  only  in  a  great  sav- 
ing of  labor  when  the  work  is  being  done,  but  results  in  much  saving  in 
the  cost  of  repairs,  power  and  time  in  later  years.  A  labor-saving  device 
which  also  results  in  economy  in  maintenance  should  be  more  generally 
used. 

In  railroad  work  it  has  been  the  custom,  until  very  recently,  to  erect 
all  smaller  steam  and  air  lines  entirely  with  screwed  fittings.  When  a 
job  of  piping  is  to  be  done,  a  rough  estimate  is  generally  made  of  the 
lengths  of  pipe  required  and  of  the  number  of  fittings  needed,  so  far  as 
possible  standard,  to  eliminate  the  delays  of  ordering.  This  material, 
together  with  the  tools  and  other  equipment  necessary  are  gathered  to- 
gether and  shipped  to  the  proposed  work. 
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The  work  of  assembling  is  then  begun;  the  men  making  the  in- 
stallation can  be  depended  on  to  connect  the  line  up  somehow  or  other 
with  the  materials  at  hand.  Often  we  see  joint  upon  joint,  elbows,  tees, 
sleeves  and  nipples,  fitted  together,  however  imperfectly.  Very  large 
pipes  are  reduced  by  bushings  step  by  step  to  very  small  ones,  threads 
cut  hurriedly  and  often  imperfectly,  with  the  completed  result  probably 
as  shown.  This  is  a  sketch  of  only  a  small  section  of  a  rather  ex- 
tensive piping  layout,  and  I  presume  is  typical  of  a  hundred  similar  cases 
on  all  railroads. 

It  will  be  noted  that  in  this  small  section  of  piping  there  are  about 
50  screwed  joints.  Every  nipple  and  elbow  means  two  joints,  every  tee 
at  least  three.  Where  sizes  are  reduced,  unless  a  special  reducer  is  used, 
one,  two  or  even  three  bushings  are  used. 

Every  screw  joint  introduced  in  a  pipe  line  opens  up  the  way  for  a 
leak,  every  leak  spells  loss  of  power  and  the  expense  of  repairs. 

No  one  will  dispute  the  fact  that  the  weak  spots  in  such  a  line  are 
at  the  threads.  Some  tests  were  conducted  a  few  years  ago  at  the  Uni- 
versity of  Kansas  on  the  strength  of  screwed  joints  against  internal 
pressure.  From  the  summarized  reports  of  those  which  appeared  in  the 
Engineering  Magazine  at  the  time  it  seems  that  every  failure  but  one 
occurred  in  the  screwed  joints. 

The  reason,  of  course,  is  apparent.  Here  is  represented  a  section  of 
a  standard  U.  S.  pipe  thread.  It  will  be  noted  that  the  thickness  of  the 
metal  is  reduced,  by  threading,  about  50  per  cent,  at  the  end  and  probably 
30  per  cent,  at  the  imperfect  threads.  It  is  apparent  that  the  standard 
thickness  of  the  pipe  is  almost  twice  what  is  needed.  If  the  threads  are 
poorly  cut,  if  the  fittings  are  screwed  together  improperly,  and  the 
threads  not  cleaned  or  lubricated  when  the  connection  is  made,  still 
further  weak  points  are  introduced. 

The  fittings  used  arc  cast-iron,  malleable  iron  or  steel.  Very  often 
sand  holes  or  pits  will  cause  a  fine  leak  that  enlarges  with  the  wear 
of  the  steam  through  it. 

If  such  a  steam  line  has  any  leaks  at  installation,  they  will  increase 
in  volume  as  time  goes  on,  new  leaks  will  appear  due  to  rust  and  in- 
ternal stresses  in  the  threads  and  couplings.  Very  soon  the  loss  of  power 
makes  repairs  or  even  renewals  necessary.  To  attempt  to  caulk  screwed 
joints  is  only  a  makeshift  and  a  very  dangerous  practice  at  the  best. 
It  has  been  found  that  good  results  are  attained  by  substituting: 

(1)  Welded  joints  for  screwed  joints,  in  smaller  pipe  lines. 

(2)  The  more  general  use  of  improved  flanged  joints  on  larger 
pipes  under  low  pressure,  to  say  nothing  of  the  positive  necessity  for 
them  in  high  pressure  lines. 

(3)  The   use  of  long-sweep  bends   and   elbows   to  take   care   o\    ex 
pansion  instead  of  the  primitive  double  swing  or  the  complicated  patent 
slip  expansion  joint. 

In  the  tests  referred  to  above,  made  at  the  University  of   Kansas, 

Comparison   was   made  between    screwed   joints   and  joints   welded   by   OX] 
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acetylene  methods,  and  the  resistance  of  these  types  to  internal  pressure. 
It  was  found  that  straight  butt  welds  and  tee  welds  can  be  made 
so  as  to  give  the  strength  of  the  straight  run  of  pipe.  That  failures 
from  internal  pressure  are  nearly  all  due  to  the  longitudinal  splitting  of 
the  seams  in  the  straight  run,  the  split  stopping  at  the  welded  section. 

Welded  tees,  compared  in  strength  to  malleable  iron  screwed  tees, 
are  stronger  about  in  the  ratio  of  2  to  1,  butt  welded  joints  stronger 
than  screwed  sleeves  about  in  the  ratio  5  to  3. 

Vibration  tests  of  screwed  couplings  and  welded  joints  recently 
made  at  Scranton,  show  the  rupture  of  the  coupling  at  388  vibrations, 
while  the  welded  coupling  did  not  fail,  but  the  failure  occurred  in  the 
straight  run  of  pipe  next  the  weld  at  2,069  vibrations. 

The  next  slide  (Fig.  23)  shows  the  practical  application  of  this 
method  of  welded  joints  in  actual  service.  Steam  nozzles  are  welded 
into  a  vertical  pipe,  which  is  alongside  a  concrete  post  and  in  very 
cramped  quarters.  The  crudeness  of  the  weld  is  due  to  the  inexperience 
of  the  operator.  With  such  a  connection  the  chances  for  leakage  during 
the  life  of  the  pipe  are  remote,  but  repairs  on  this  work  can  be  quickly 
made  by  building  up  the  weld. 

In  piping  of  larger  diameter,  whether  under  high  or  low  pressure, 
the  use  of  improved  flanged  and  welded  pipe  in  place  of  screwed  fittings 
is  to  be  generally  recommended. 

Attention  is  called  to  Fig.  24,  Sketch  No.  4,  which  shows  both  screw 
joint  and  flanged  joint  on  large  pipes.  The  screw  joint  on  a  large  pipe 
is  exposed  to  the  same  weaknesses  as  on  a  smaller  pipe,  namely,  sec- 
tional area  of  pipe  decreased  by  threading  and  the  possibility  of  faulty 
threads  and  improper  coupling. 

The  advantages  of  a  flanged  joint  are  clearly  illustrated  in  this  cut. 
A  standard  is  slipped  on  a  section  of  pipe  and  the  end  of  the  pipe  is 
heated,  expanded  and  turned  over  with  the  flange  as  a  mandrel,  bringing 
the  lap  into  close  contact  with  the  flange  at  every  point.  The  lap  ex- 
tends well  out  to  the  bolt  holes  and  with  this  face  machined  there  is  a 
smooth  and  true  bearing  for  the  gasket  between  this  and  the  com- 
panion lap. 

Long  pipe  lines  can  be  built  up  by  welding  together  the  shorter  manu- 
factured lengths,  and  with  the  insertion  of  these  improved  joints  wher- 
ever necessary,  the  completed  line  will,  barring  accident,  in  all  probability 
need  very  little  repair  during  the  life  of  the  pipe. 

Where  small  connections  are  to  be  taken  off  the  larger  line,  there  is 
nothing  more  simple  with  the  oxyacetylcne  welding  torch  than  to  drill 
and  weld  a  smaller  drip  or  nozzle  as  indicated  in  Sketch  No.  5.  Note 
Fig.  25  of  a  10-inch  x  10-inch  x  2-inch  screwed  tee,  and  the  inevitable 
three  screwed  joints  that  form  the  weakest  link  in  the  system. 

Fig.  25  is  a  photograph  of  a  pipe  failure  in  the  screw  joint  of  a  4- 
inch  pipe,  hot  water  line,  the  failure  at  the  end  of  the  thread  being  ac- 
countable for  by  loss  of  metal  at  the  thread. 

Fig.  26  is  a  view  of  a  section  of  screwed  fittings  that  connect  up  an 
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Fig.  23 — Example  of  Welded  Joints. 
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Fig.  25 — Pipe  Failure  in  the  Screw  Joint  of  a  4-Inch  Pipe. 
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Fig.  27 — A  7-Inch,  High-Pressure  Hydraulic  Line  Running  Across  a 
Number  of  Tracks  and  Through  a  Bridge  Abutment. 
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air  compressor  and  locomotive  washout  system  with  a  main  steam  line 
in  a  roundhouse.  The  combined  valves,  elbows,  drips,  bents,  separators, 
make  a  layout  that  is  unsightly,  unwieldy  and  so  leaky  that  it  needs 
constant  attention.  This  is  clearly  a  typical  case  of  the  class  of  work 
that  is  done  without  any  planning  or  foresight,  excepting  to  gather  to- 
gether a  motely  collection  of  fittings  and  string  them  together.  Note 
the  steam  leaks  at  the  joints. 

Plans  are  now  under  way  to  tear  out  this  layout  when  the  com- 
pressor is  replaced,  and  nearly  every  screwed  fitting  will  be  replaced  by 
a  flange  fitting  or  a  welded  joint. 

Too  much  attention  cannot  be  given  to  proper  provision  for  allow- 
ing piping  to  expand  or  contract  without  undue  strain ;  the  usual  method 
has  been  to  insert  a  type  of  joint  shown  in  Sketch  No.  3,  Fig.  24.  the 
unbalanced  expansion  joint.  When  proper  anchorage  is  not  secured,  the 
greatest  care  will  not  prevent  leakage  or  perhaps  dangerous  accidents. 

By  far  the  most  satisfactory  method  of  taking  care  of  expansion  is 
to  use  pipe  bends  of  liberal  radii.  They  never  require  attention.  Fig.  24, 
Sketch  3,  is  a  tj-pical  illustration  of  such  work. 

Fig.  27  shows  a  7-inch,  high-pressure  hydraulic  line  running  across  a 
number  of  tracks  and  through  a  bridge  abutment.  Due  to  the  fill  settling 
back  of  the  abutment  this  pipe  was  broken  off  transversely.  To  have 
taken  out  the  length  of  pipe  and  replace  it  with  a  new  one  would  have 
required  considerable  excavation,  and  the  timbering  of  three  tracks  at 
considerable  expense.  The  pipe  was  actually  welded  and  placed  in  service 
at  very  small  cost. 

In  all  this  work  there  is  an  excellent  opportunity  to  effect  economies, 
in  labor,  material,  time  and  power,  by  more  careful  planning  in  the  be- 
ginning. Sketches  and  elevations  of  proposed  woik  should  be  accurately 
worked  up,  showing  the  necessary  valves  and  nozzles.  Wherever  pos- 
sible, joints  should  be  eliminated,  and  short  elbows  replaced  by  long- 
sweep  bends.  All  these  details  can  and  should  be  figured  out  In.  fore- 
hand. The  pipe  can  then  be  Hanged  and  welded  in  the  shop,  so  as  to  tit 
accurately,  and  once  installed,  there  will  result  a  great  reduction  in 
the  labor  and  expense  of  maintenance,  and  an  increase  in  the  efficiency 
of  the  plant. 

The  conditions  as  to  counterbalancing  of  the  electric  locomotives 
cinsidered  in  the  foregoing  conclusions  were  as    follow-: 

(a)  The  electric  locomotive  used  by  the  Norfolk  &  Western  Rail 
way  Company  has  crank  connections  between  the  motors  and  the  driving 
wheels,  and  the  driving  winds  are  connected  bj  means  of  side  rods. 
Each  unit  bas  two  motors  and  two  sets  of  drivers  independently  con- 
nected. As  a  result  of  this  arrangement  the  relative  position  of  cranks 
and    side    rods    for    the    two    sets    of    drivers    is    not    fixed    and    in.i\     \.n\ 

through  all  possible  angles. 

(b)  The  electric  locomotive  used  bj  the  Chicago,  Milwaukee  &  St 
Paul  Railway  is  composed  of  two  units     The  motors  are  geared  t"  t lu 
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driving  wheel  axles,  no  side  rods  being  used.  All  rotating  parts  are 
presumed  to  be  balanced. 

"Data  of  actual  weights  of  side  rods  and  counterweights  showed 
that  these  locomotives  were  very  slightly  out  of  balance."' 

Mr.  Geo.  W.  Vaughan  (New  York  Central)  : — It  has  been  the  prac- 
tice of  the  New  York  Central  for  a  number  of  years  when  raising  track 
on  stone  ballast  to  use  spades  for  tamping.  On  account  of  their  width 
and  straight  design  and  lightness  they  are  particularly  adapted  for  this 
class  of  work.  They  are  especially  efficient  in  putting  the  stone  under 
the  ends  of  ties  as  stone  ballast  can  be  tamped  under  the  ties  without 
the  men  having  to  put  their  foot  on  the  spade.  This  permits  the  work 
to  go  along  much  more  rapid  than  if  shovels  were  used,  as  shovels,  on 
account  of  their  width  and  crooked  design,  require  more  power  to  drive 
them,  which  necessitates  the  use  of  the  foot  on  the  shovel. 

When  track  is  raised  from  6  to  10  inches  and  stone  has  been  forked 
up  between   the   ties  by  one   man   for  the  tie   tampers,   men   with  spades 
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Fig.  33 — Spade,  New  York  Central  Railroad. 


will  tamp  the  stone  under  the  ties  better  and  in  one-half  the  time  that  it 
can  be  done  by  shovels. 

The  cost  of  tamping  stone  under  the  ties  with  the  spade  is  approxi- 
mately .059  per  yard.  Where  gravel  is  used  the  spades,  however,  have 
no  advantage  over  the  shovels. 


THE    DISTRIBUTION    OF    LABOR    IN    WAR. 

Mr.  Edward  Gray  (Chesapeake  &  Ohio)  : — There  is  something  that 
threatens  to  weaken  the  action  of  the  United  States  in  the  war  even  more 
than  delay  in  preparations  obviously  and  directly  military.  It  is  industrial 
inertia,  supported  by  individual  selfishness,  and  by  false  economic  theory. 

The  war  is  an  industrial  contest  a'outrance,  in  which  there  is  no  such 
thing  as  enough  material  for  armies,  and  no  possibility  of  producing 
enough  to  satisfy  all  of  the  real  needs  of  the  civilian  populations  that 
sustain  them.  There  are  also  peoples  or  groups  whose  welfare  may  not 
affect  the  issue  of  the  war,  but  whom  we  wish  to  help  in  their  extremity. 
Some  need  almost  everything.    The  widespread  scarcity  of  supplies,  almost 
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world-wide,  will  not  be  ended  by  a  treaty  of  peace;  it  will  continue  long 
after  the  war.  At  the  same  time  there  will  be  a  work  of  construction 
and  rehabilitation  wanted. 

The  need  of  this  will  be  extreme  in  the  invaded  regions,  but  in  all 
countries  that  have  taken  a  large  part  in  the  war,  and  to  some  extent  in 
neutral  countries,  the  strains  and  the  forced  neglects  of  war  will  leave 
much  need  of  repair.  The  draft  on  labor  and  materials  will  be  heavy. 
We  need,  then,  for  an  unknown  length  of  time  the  utmost  possible  pro- 
duction of  military  supplies;  and,  for  a  much  longer  time,  the  utmost 
possible  production  of  the  articles  essential  to  health,  decency  and  sus- 
tained efficiency.  We  may  leave  out  "psychological  necessities"  as  fit  only 
for  the  weak-kneed  or  the  weak-minded.  Our  accomplishment  will  be 
nearly  proportionate  to  the  amount  of  labor,  properly  distributed,  that  we 
apply  to  these  ends. 

On  this  point  we  are  in  danger  of  a  money-superstition.  A  currency 
is  depreciated  just  as  really,  in  effect,  by  general  shrinkage  in  the  volume 
of  purchasable  commodities  as  by  increase  of  its  own  volume.  We  see 
the  purchasing  power  of  our  war  loans  much  below  normal;  it  may  go  a 
good  deal  lower;  it  would  disappear  when  the  goods  could  not  be  pro- 
duced. There  is  no  need,  however,  to  bring  finance  into  the  question. 
Labor  and  materials  are  primary  economic  factors;  money  is  secondary. 
If  we  have  the  supplies  and  the  power  to  transport  them,  we  shall  use 
them;  and  if  these  things  are  created  out  of  our  own  labor  and  materials, 
then  the  mechanism  of  money  will  arrange  itself.  If  we  lack  either  sup- 
plies or  transportation,  all  the  money  in  the  world  will  not  help  us.  Labor 
must  create  these  things.  Labor  will  measure  our  effort— labor  properly 
applied  and  distributed,  confined  to  the  serious  ends  to  be  achieved— that, 
and  that  only.  And  it  is  our  own  labor  we  must  use:  first,  because  we 
must  use  all  the  labor  we  can  command;  and,  next,  because  there  is  now 
no  large  reserve  of  labor  elsewhere  that  our  capital  could  draw  to 
effective  war  use,  even  if  we  should  try  to  spend  our  income  on  luxuries 
and  live  on  our  capital. 

In  the  face  of  these  obvious  facts— too  obvious,  one  would  say— we 
go  on  making  and  selling  soft  drinks,  chewing  gum,  confectionery,  cigar- 
ettes, canes,  jewelry,  furs— a  thousand  unnecessary  things— and  at  hotels 
we  are  beset  by  flunkeys  offering  useless  services.  Anyone  can  extend 
tins  list:  let  him  only  observe,  in  any  city,  what  part  of  its  various  activ- 
ities is  directed  to  furnishing  non-essentials,  taking  into  account,  in  due 
measure,  all  of  the  supporting  or  underlying  industries,  the  construction 
of  plants  for  all,  and  transportation  for  all.  After  the  mere  fripperies 
and  luxuries,  come  articles  necessary  in  various  degrees,  hut  of  which 
a  full  supply  during  the  war  is  riot  necessary.  Our  presenl  supply  oi 
musical  instruments  (non-martial),  for  instance,  would  no  doubt  serve 
well  enough   for  several  years. 

It  is  sometimes  said  that  in  many,  or  most,  of  the  essential  industries 
thereisno  keen  demand  for  labor,  therefore  no  labor  shortage  exists.   The 

hranehes    ,,f    industrj     are    SO    far    inter  dependent    lliat    an    acute    and    1111 
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mediate  want  of  labor  can  not  be  felt  in  every  branch  at  once.  The  more 
un\\mmetrical  the  expansion  of  industry,  the  more  uneven  the  demand 
for  labor.  For  example,  more  coal  miners  are  not  wanted  at  the  moment, 
not  because  there  is  enough  coal,  but  because  the  railroads,  yet  more 
lacking  in  what  they  need  than  the  mines,  can  not  haul  more.  Shortage 
of  coal,  in  turn,  limits  the  labor  demand  of  many  industries. 

All  this  is  somewhat  aside  from  the  point;  there  is  nothing  tending 
to  show  that  the  essential  industries  could  not  be  expanded  gradually  and 
in  due  proportion  by  the  infusion  of  labor  from  other  sources.  Trans- 
portation, released  from  its  service  to  luxury,  would  add  by  so  much  to 
its  useful  capacity,  even  with  its  present  plant  and  labor.  Since  the  rail- 
way system  cannot  be  expanded  readily,  such  curtailment  of  non-essential 
traffic  promises  some  very  necessary  relief.  The  tonnage  added  in  neces- 
saries, however,  would  outweigh,  after  a  while,  the  tonnage  curtailed  in 
luxuries.  The  railways  will  need  their  full  share  of  the  labor  released 
and  to  have  their  capacity  increased  as  much  as  possible,  for  they  are 
likely,   at  best,  to  limit  industrial  expansion. 

The  redistribution  of  labor  can  not  safely  be  left  to  come  about 
through  the  general  practice  of  economy,  though  it  is  well  to  urge  that. 
It  is  better  to  force  economy  by  making  it  difficult  or  impossible  to  buy 
luxuries.  With  many  people,  perhaps  with  most,  the  only  sufficient  motive 
for  economy  is  hard  necessity.  Many  would  always  have  money  to  waste. 
Maximum  price  fixing,  applied  to  necessaries  only,  will  probably  retard  the 
movement  toward  economy.  So  long  as  it  does  not  fail  through  checking 
production,  it  diminishes  the  motive  for  saving  that  high  prices  give ; 
moreover,  it  may  handicap  the  producer  of  necessaries  in  competing  for 
labor  with  the  maker  of  luxuries.  This  may  be  thought  doubtful  ground. 
The  certainty  is  that  time  is  lacking  for  a  natural  adjustment.  Correct 
distribution  of  labor  lays  the  foundation  for  great  military  effort,  above 
all,  in  such  a  part  as  the  United  States  has  to  play,  predominantly  econ- 
omic, reinforcing  its  allies  in  their  own  economic  life.  It  must  be  begun 
long  before  the  full  impact  of  the  nation  can  be  felt  on  the  battlefield ; 
the  more  so  because,  in  order  to  prevent  much  hardship  and  waste  of 
labor,  the  change  must  be  made  gradually  on  well-considered  plans. 

The  redistribution  of  labor,  then,  should  be  accelerated  and  extended 
by  law.  Perhaps  the  best  method  would  be  direct  restriction  of  the  em- 
ployment of  labor,  especially  male  labor,  in  non-essential  industries.  Other 
restrictions  may  be  found  useful,  either  alone  or  combined  with  this.  Dif- 
ferent industries  may  require  some  difference  of  method.  The  restric- 
tions should  probably  be  made  somewhat  progressive  in  their  force.  These 
are  mere  suggestions.  The  experience  of  other  belligerents  should  be 
fully  consulted. 

The  process  of  change  will  entail  some  inconvenience  and  loss,  but  it 
is  necessary  at  the  price.  The  reverse  adjustment  after  the  war  can  be 
left  to  take  its  own  course,  but  as  to  luxuries,  it  might  well  be  somewhat 
retarded   by   regulation.      This   change    would    necessarily   be    slower   and 
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more  restricted  in  its  scope  than  the  war  change,  for  the  war  will  end, 
as  already  stated,  with  a  great  depletion  of  useful  stocks  throughout  most 
of  the  world,  and  with  much  that  is  wasted  to  repair.  We  should  apply 
a  large  part  of  our  labor  to  this  work  rather  than  to  making  luxuries 
for  ourselves ;  besides,  we  shall  have  heavy  taxes  to  pay. 

Whatever  it  may  cost  to  change  industry  to  a  war  basis,  it  will  cost 
less  to  the  real  permanent  wealth  of  the  nation  than  to  go  on  as  we  are 
going,  or  to  attempt  to  do  that  as  long  as  possible.  In  one  case  we  shall 
lose  during  a  period  of  adjustment,  because  labor  cannot  be  shifted  to 
new  occupations  without  some  waste  in  time,  in  skill,  and  in  equipment. 
In  the  other  case  we  shall  lose  always,  because  a  large  part  of  our  labor 
is  spent  in  providing  things  that  we  consume  without  need,  instead  of 
producing  those  we  need  most.  The  permanent  value  of  some  articles  of 
luxury  is,  of  course,  admitted  ;  most  of  ours  are  not  such.  It  will  be 
objected  that  to  make  munitions  of  war  is  to  turn  labor  from  productive 
to  destructive  ends.  A  "productive  end"  may  be  taken  as  one  that  fits 
the  important  needs  of  the  times  ;  war  material  is  such  now  to  the  extent 
that  we  may  need  it.  It  has  been  taken  for  granted  that  our  war  effort, 
properly  distributed,  can  not  supply  munitions  beyond  what  is  needed  to 
assure  victory,  and  that  we  are  willing  to  pay  the  price  of  that  assurance. 
It  is  at  least  doubtful  that  a  stable  peace  will  be  so  sure  at  the  end  of 
this  war  as  to  make  a  good  stock  of  munitions  of  war  worth  less  than  the 
luxuries  that  we  might  have  had  in  their  stead.  There  will  be  an  early 
readjustment  of  the  industries  producing  munitions,  but  the  labor  released 
should  not  go  to  add  to  the  output  of  luxuries. 

The  restrictions  proposed,  applied  chiefly  to  male  labor,  would  accel- 
erate the  infusion  of  female  labor  and  increase  our  labor  resources  faster 
than  would  otherwise  be  possible,  avoiding  at  the  same  time  too  rapid 
curtailments.  This  is  an  important  phase  of  the  subject.  Female  labor 
is  not  coming  into  industry  fast  enough  in  this  country. 

As  to  objections,  it  should  hardly  be  necessary  to  touch  further  on 
the  curious  theory  that  financial  strength  can  be  maintained  only  by 
continuing  to  spend  freely  all  of  our  substance,  so  that  we  may  make  war 
loans.     The  cost  of  readjustments  has  been  considered. 

One  point  remains :  it  is  said  that  we  must  make  articles  of  luxury 
to  exchange  with  other  countries  for  essentials.  Of  many  (if  our  products 
this  can  hardly  be  true  in  any  important  degree.  Our  export  of  articles 
of  luxury  is  small  compared  with  our  own  consumption,  What  proportion 
of  our  "soft  drinks,"  for  instance,  is  consumed  in  neutral  countries,  and 
what  essentials  do  we  gel  in  exchange?  In  any  ease  of  proved  necessity, 
could  we  not  limit  sales  within  the  United  States  while  giving  export 
business  such  support  as  might  be  needed?  Such  eases  would  seem  to 
be  too  few  to  be  stretched  into  a  reason   for  complete  laissea  faire. 

The  needless  warnings  again s<  "hysterical  economy"  furnish  a  close 
parallel  to  these  againsl  "hysterical"  advocacy  of  military  preparation 
We  begin  to  sec  now  bow  far  we  have  been  from  too  much  speed  in  that 
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matter.  If,  in  the  end,  we  have  to  say  "too  late,"  or  "too  little"  about 
our  industrial  mobilization,  it  will  be  very  serious.  It  is  as  impossible  for 
a  nation  as  for  an  individual  to  do  the  utmost  for  some  supreme  purpose 
without  leaving  some  ordinary  things  undone.  If  we  will  not  do  this,  our 
wealth  of  national  resources  will  be  a  bank  on  which  we  can  not  draw. 

The  President: — The  Committee  is  relieved,  with  the  thanks  of  the 
Association. 
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(For  Report,   see  pp.   271-314.) 

Mr.  S.  S.  Roberts  (Consulting  Engineer)  : — I  am  not  a  volunteer  in 
assuming  this  duty.  I  have  been  drafted,  but  it  is  an  honorable  duty, 
and  like  our  drafted  men,  I  accept  it  cheerfully  and  shall  do  the  best 
I  can.  The  Chairman  of  the  Committee,  Captain  Green,  is  with  the 
Expeditionary  Forces  in  France.  A  letter  has  been  received  from  Mr. 
Hendricks,  the  Vice-Chairman,  saying  it  was  impossible  for  him  to  be 
here.  I  regret  this,  because  I  am  not  prepared  to  discuss  the  work  of 
this  Committee  and  its  endeavors  and  needs,  as  the  importance  of  its  field 
of  work  deserves. 

Our  Committee  has  held  two  meetings  and  our  discussions  at  those 
meetings  principally  concerned  the  organization  of  the  Committee  and 
the  scope  of  the  Committee's  work.  None  of  the  Sub-Committees  were 
able  to  formulate  and  present  a  report  to  this  meeting,  except  the  Sub- 
Committee  on  Maintenance  of  May,  which  has  presented  a  short  out- 
line of  the  work  which  it  did,  but  which  you  will  find,  from  a  perusal 
of  the  report,  is  not  in  line  with  what  the  Committee  finally  decided 
upon  as  the  scope  of  its  work;  and  the  Sub-Committee  on  Bibliography, 
which  has  submitted  a  very  comprehensive  list  of  publications  which 
have  reference  to  subjects  kindred  to  that  to  be  taken  up  by  this  Com- 
mittee. As  stated,  it  is  the  purpose  of  this  Sub-Committee  to  add  to 
this  bibliography  from  time  to  time  in  order  that  it  may  be  kept  up 
to  date. 

It  is  the  thought  of  the  Committee  that  we  should  have  the  Board 
of  Direction  outline  to  us  definitely  the  division  between  the  work  of 
this  Committee  and  that  of  the  Committee  on  Economics  of  Railway 
Location.  It  appears  that  the  work  in  many  respects  overlaps,  and  we 
were  not  quite  sure  where  the  division  should  be  drawn.  We  will  be 
glad  indeed  to  have  suggestions  either  now  or  in  writing  as  to  what 
that  division  should  be. 

At  the  bottom  of  page  272,  attention  is  called  to  the  work  that 
has  been  done  by  various  railroad  organizations  for  their  own  use  and 
in  connection  with  rate  cases,  and  particularly  there  has  been  brought 
to  the  attention  of  the  Committee  the  work  of  the  Central  Freight  Asso- 
ciation, all  of  which  have  compiled  a  great  deal  of  data  on  costs.  We 
feel  that  if  this  data  could  be  made  available  to  the  Committee,  it  may 
be  very  valuable  as  a  study  for  us,  and  from  which  wc  may  be  enabled 
to  present  useful  conclusions  to  the  Association. 

On  page  273  we  note  the  subjects  which  we  think  we  might  take  up  for 
analysis  with  advantage,  and  on  page  275  we  give  a  definite  statement 
of  our  recommendations  for  work  for  the  next  year. 

The  Pre  idenl      The  Chair  would  like  to  state  thai  it  is  his  personal 
opinion   that  this  is  one  of   the  must    important    committees   of    the     \.SSO 
ciatinn,  and  th.it  this  Committee  has  a  broader  field  than  any  work  which 
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has  yet  been  attempted  by  the  Association.  Railways  are  in  the  trans- 
portation business.  The  work  of  this  Association  for  the  past  nineteen 
years  has  been  largely  confined  to  the  constructing  of  the  machine  by 
which  the  work  is  done.  We  have  just  awakened  at  this  time  to  the 
fact  that  the  work  might  be  done  more  economically,  and  I  would  recom- 
mend to  the  Chairman  of  the  Committee  on  Outline  of  Work  that  no 
obstacle  be  put  in  the  way  of  the  work  of  this  Committee  and  its  further 
development.  As  a  member,  and  a  fighting  member,  of  the  Committee 
on  Economics  of  Railway  Location,  I  do  not  think  this  Association 
need  have  any  fear  that  any  of  the  work  of  the  Committee  on  Economics 
of  Railway  Operation  will  be  impaired  by  the  work  of  the  Committee 
on  Economic  Location,  or  belittled  by  anything  that  that  Committee 
can  do. 

I  would  like  also  to  state  that  it  is  my  opinion  that  the  members 
should  do  all  they  can  to  facilitate  the  work  of  this  Committee,  and 
especially  to  reply  to  any  questions  asking  for  information  which  can  be 
furnished  by  the  members  of  the  Association. 

I  would  like  to  depart  from  the  regular  order  of  business  and  have 
some  discussion  on  this  point  if  there  is  no  objection.  I  would  like  to 
hear  from  Mr.  Safford. 

Mr.  H.  R.  Safford  (Grand  Trunk)  : — I  fully  agree  with  all  you  have 
said,  Mr.  President.  I  think  Mr.  Roberts  has  stated  that  the  Board 
of  Direction  should  give  a  little  more  definite  instruction  than  they  have 
possibly  done  in  the  past,  but  we  have  been  trying  to  feel  our  way  a 
little  with  this  Committee.  My  thought  is,  speaking  to  the  principal 
point  that  you  made,  which  relates  to  transportation,  that  it  is  our  duty 
as  an  Association  to  try  to  interest  more  transportation  men  to  become 
members,  and  this  is  one  of  the  committees  with  which  the  transporta- 
tion men  should  be  most  closely  related.  At  the  present  time  I  think  that 
one  of  the  greatest  fields  for  this  Association  to  consider  for  committee 
work  has  been  that  related  to  the  economics  of  railway  operation,  and 
in  connection  with  that  comes  more  or  less  the  question  of  transporta- 
tion. 

I  fully  support  you,  Mr.  President,  in  what  you  have  suggested 
and  I  think  we  ought  in  the  coming,  year  individually  to  make  a  special 
effort  to  augment  our  membership  by  getting  a  large  number  of  our 
transportation  officers  into  the  Association. 

The  President: — There  is  nothing  like  co-ordination  in  the  work  of 
the  committees,  and  I  do  not  think  there  are  any  committees  in  this 
Association  that  do  not  pull  together.  I  do  not  believe  this  Associa- 
tion feels  that  it  is  going  to  step  on  anyone's  toes  in  getting  all  the 
information  they  can,  and  I  know  some  of  my  best  friends  on  the  old 
committee  were  of  the  opinion  that  we  could  not  do  anything  until  we 
had  a  committee  of  this  kind. 

Our  dear  friend,  Mr.  Shurtleff,  did  a  lot  of  work  in  digging  up 
information  that  related  more  to  the  economics  of  operation  rather  than 
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location,  and  that  information  was  supplied  to  the  Committee.  We  would 
like  to  hear  from  Mr.   Howard. 

Mr.  C.  P.  Howard  ; — I  disagree  with  the  President  that  Mr.  Shurtleff 
did  work  that  was  economic  operation,  rather  than  economics  of  loca- 
tion— 

The  President :— I  said  he  worked  on  that  subject — 

Mr.  Howard: — It  is  bound  to  be  the  same  subject,  because  what 
determines  the  location  is  economy  in  operation  and  economy  in  con- 
struction. Economy  in  construction  is  not  under  discussion,  that  is 
something  else;  but  in  all  cases  of  railway  location,  the  object  is  to  so 
locate  a  line  that  it  shall  earn  interest  on  the  investment. 

It  seems  to  me  that  this  Sub-Committee  has  pointed  out  one  thing 
which  is  eminently  true,  which  we  should  all  have  known  beforehand, 
and  that  is  that  the  subject  is  tremendously  vast  and  could  be  well  divided 
between  two  or  three  committees. 

As  I  understand  the  question,  their  idea  is  that  the  Committee  on 
Economics  of  Railway  Location  should  take  the  first  division  of  expense, 
that  is,  the  maintenance  of  way,  and  that  they  will  give  their  efforts  for 
the  present  to  the  second,  which  is  transportation.  I  am  unable  to  see 
how  the  economics  of  operation  can  be  very  much  separated  from  the 
economics  of  location,  unless  you  take  the  very  broad  field  that  this 
Committee  is  to  cover  the  whole  subject  and  tell  how  to  run  a  railroad. 
As  a  practical  matter,  it  seems  that  dividing  the  work  among  the  two 
committees  is  all  right,  but  they  are  obliged  to  work  along  parallel  lines. 

Mr.  Roberts  : — A  point  brought  out  in  the  discussions  of  the  Commit- 
tee was  that  one  of  the  objects  of  the  Committee  was  to  consider  opera- 
tion of  existing  lines,  or  plants,  so  as  to  try  to  determine  which  one  or 
more  methods  of  operation  would  be  the  most  economic  for  each  line 
studied,  and  in  that  way  the  work  would  be  an  aid  to  the  Committee 
on  Economics  of  Location.  The  work  of  the  two  committees,  as  1  have 
said,  goes   very  much  hand   in  hand. 

One  of  the  members  of  the  Committee  at  one  of  our  meetings 
sized  the  situation  up  in  this  way:  He  said  that  heretofore  the  Com- 
mittee on  Economics  of  Railway  Location  has  considered  which  of 
two  or  more  things  was  the  most  economic  for  one  condition  of  use, 
and  that  our  field  was  to  consider  which  of  one  or  more  different  usages 
was  best   for  a  given  thing,   i.  e.,  railroad. 

One  question  that  came  up  very  persistently  and  repeatedly  in  our 
Committee  discussions  was,  "What  is  economy?"  Many  of  the  members 
teemed  to  confuse  expediency  with  economy,  and  we  would  like  very 
much  to  have  suggestions  from  any  of  the  members  of  the  Association 
as  to  what  should  be  the  true  idea   and  definition  of  economy. 

Mr.  L.  A.  Downs  (Illinois  Central)  : — I  think  there  is  a  decided  differ- 
ence between  the  two  committees  -Economics  of  Railway  Operation  ami 
I  onomics  «>f  Railway  Location.  In  the  first  place,  after  the  Commit- 
tee on  Location  has  finished  its  work,  then  we  would  think  there  is 
nothing   for  the  Committee  on   Economics  of   Railway   Operation  t"  do, 
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but  there  the  work  of  1 1  x i ^  Committee  would  really  begin.  1  think  there 
are  many  things  on  well-conducted  railroads  where  the  Engineer  is  an 
important  factor  in  railroad  operation.  We  might  mention  slow-orders, 
the  changing  of  bridges  from  one  kind  to  another,  signaling  tracks  for 
doing  certain  kinds  of  work,  the  handling  of  work  trains,  etc.  There 
are  many  things  wherein  1  think  this  Committee  has  a  wonderfully  wide 
field,  and  a  great  deal  which  it  can  do,  distinctly  and  apart  from  the 
other  committees,  so  I  do  not  think  the  two  come  together  any  more 
than  you  would  say  that  the  Committees  on  Bridges  and  Buildings  or 
Bridges  and  Track  should  go  together,  although  they  could  coordinate 
their  work. 

Mr.  Maurice  Cohurn  (Pennsylvania  Lines): — Some  of  us  under- 
stand it,  hut  he  lore  we  can  solve  these  problems  we  must  know  certain 
things  about  operating  costs,  and  the  information  we  need  to  solve  operat- 
ing problems  is  the  same  information  the  other  Committee  needs  to 
solve  the  problems  of  location.  The  other  Committee  came  to  a  point 
where  they  found  they  were  up  against  it,  but  there  was  a  lack  of  defi- 
nite, complete  information,  so  that  they  could  correctly  solve  their  prob- 
lem, and  one  of  the  first  moves  we  have  proposed  is  that  we  will  take 
advantage  of  the  extensive  work  being  done  in  some  rate  cases,  to  see 
if  there  is  anything  in  that  that  will  be  any  help  to  this  Committee.  The 
Central  Freight  Association  work  Mr.  Roberts  spoke  of  cost  several  hun- 
dred thousand  dollars,  and  possibly  we  can  get  something  out  of  it  that 
will  help  us. 

Mr.  Roberts: — 1  think  the  general  idea  of  the  Committee  agrees 
very  closely  with  that  of  one  of  the  former  speakers:  that  the  subject 
is  wonderfully  wide,  and  we  would  like  to  narrow  it  down  so  that  we 
could  get  a  good,  firm   footing  on   which  to  make  a  start. 

In  speaking  of  cost  data  and  getting  prices,  it  is  the  general  senti- 
ment of  the  Committee  that  conclusions  and  recommendations  on  eco- 
nomics cannot  be  made  in  advance  of  a  knowledge  of  costs,  and  their 
variation  with  changing  conditions.  These  variations  cannot  be  known 
until  the  elements  of  cost  are  known,  separated,  analyzed  and  coordi- 
nated into  a  tabulated  whole.  In  addition  to  what  Mr.  Safford  said,  T 
think  it  would  be  well  if  we  should  get  not  only  more  operating  men  into 
the  Association,  but  that  we  should  also  try  to  interest  men  in  the 
Accounting  Department,  because  in  order  to  get  at  the  costs  that  we 
need,  there  must  be  cooperation,  greater  than  there  is  at  present, 
between  the  engineering  forces,  the  operating  forces  and  the  accounting 
forces,  and  these  should  be  brought  together  in  their  work.  1  have  had 
in  the  last  year  more  experience  with  the  accounting  officers  of  railroads 
than  1  have1  ever  had  before,  and  I  have  found  these  men  were  just 
as  anxious  to  cooperate  with  us  as  we  were  with  them,  but  we  must 
acquaint  them  with  the  details  we  want  and  need.  I  repeat  that  I 
think  it  ought  to  be  the  endeavor  of  this  \s»ociation  to  get  the  ac- 
counting men  to  work  with  us. 
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Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — I  believe  there  is 
a  field  for  the  work  of  this  Committee  parallel  to  and  in  correlation 
with  the  work  of  the  Committee  on  Economics  of  Railway  Location, 
and  that  that  field  should  be  occupied  by  this  Committee. 

The  economics  of  railway  operation  is  the  foundation  on  which  the 
economics  of  railway  location  should  be  determined.  The  problem 
in  the  economics  of  railway  location  is  finding  the  right  place  on  which 
to  build  the  transportation  machine,  its  complete  and  proper  solution 
requiring  a  knowledge  of  the  economics  of  railway  operation.  Moreover, 
after  the  transportation  machine  is  created,  presumably  in  the  right 
place,  it  must  be  operated,  and,  in  that  operation,  many  questions  arise, 
and  many  things  have  to  be  done  that  go  beyond  the  mere  determina- 
tion of  the  right  place  on  which  to  build  the  transportation  machine. 

Much  of  the  work  of  this  Committee  ought  to  precede  and  lay  the 
foundation  for  the  work  of  the  Committee  on  Economics  of  Railway 
Location.  This  Committee  should  be  valuable  in  the  determination  of 
the  economics  of  railway  location.  It  will  be  valuable  if  it  provides 
this  Association  with  such  knowledge  and  information  as  may  not  now 
be  available.  It  is  wise  for  the  Association  to  create  this  Committee, 
and  I  agree  with  the  view  that  it  is  one  of  the  most  important  com- 
mittees of  this  Association.  It  puts  us  upon  a  broader  plane  and  in 
touch  with  the  larger  things  to  be  accomplished.  There  is  no  way  in 
which  we  may  better  qualify  to  serve  the  railroads  wisely  and  broadly 
than  to  engage  in  the  study  of  the  economics  of  railway  location. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western):—!  think  this  Com- 
mittee should  take  up  these  various  economic  questions,  which  have 
been  brought  out  in  the  first  place  by  the  several  committees  on  main- 
tenance, and  then  bear  in  mind  that  the  important  unit  of  cost  is  the 
cost  per  ton  mile.  This  unit  of  cost  per  ton  mile  applies  to  maintenance 
as  much  as  it  does  to  handling  freight  over  the  road.  The  Norfolk  &• 
Western  Railway  has  used  this  unit  for  many  years.  Its  use  forms  a 
possible  solution  for  many  questions  that  arise.  I  believe  as  the  others 
have  said,  that  there  is  a  direct  work  for  this'  Committee  to  do,  and 
they  can  get  information  from  various  roads  that  will  show,  irrespective 
of  increases  in  labor  and  material  costs,  that  economics  are  obtained 
by  different  railroads.  The  Norfolk  &  Western  showed,  for  example, 
last  year  that  if  the  matter  of  increase  of  wages  were  left  out  of 
consideration,  the  road  was  more  economically  operated  than  during 
the  previous  year.  If  one  railroad  can  do  this  another  railroad  can 
make  a  similar  analysis. 

Mr.  Roberts: — Do  you  refer  to  the  gross  ton  mile  or  net  ton  mile 
or  tariff  ton  mile  as  a  unit? 

Mr.  Churchill  : — The  ton  mile  of  freight  carried. 

The  President: — The  Committee  on  Outline  of  Work  will  take 
Careful  consideration  of  the  Suggestions  made  by  the  Committee,  and 
I  believe  that  if  this  Committee  has  sunn  difficulties  in  starting  they  will 
overcome  them 
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If  there  is  no  further  discussion  the  Committee  is  dismissed  with 
the  thanks  of  the  Association. 

Mr.  E.  E.  R.  Tratman  (by  letter)  : — The  last  item  of  the  Commit- 
tee's list  on  page  273  (Bulletin  No.  203)  intimates  that  a  more  liberal 
application  of  oil  is  sufficient.  Proper  use  of  the  oil  is  of  more  im- 
portance, however,  and  there  are  various  methods  and  appliances  for 
saving  oil  and  getting  effective  service  from  it.  A  better  meaning  might 
be  implied  by  changing  the  phrase  to  read:  "Improved  efficiency  and 
economy  in  the  lubricating  of  cars." 


DISCUSSION  ON  UNIFORM  GENERAL  CONTRACT 

FORMS. 

(For  Report,  see  pp.  349-365.) 

Mr.  E.  H.  Lee  (Chicago  &  Western  Indiana)  : — I  wish  to  ask  the 
indulgence  of  the  convention  for  continuing,  but  doubtless  this  report 
can  be  considered  in  a  brief  space.  The  preliminary  statement  as  to  the 
scope  of  the  Committee's  work  for  the  Association  will  not  be  read. 
We  suggest  no  revisions  for  the  Manual  this  year.  I  presume  that  mem- 
bers very  generally,  if  interested  in  this  subject,  may  have  read  the 
statement  in  the  paragraph  relating  to  the  form  of  Agreement  for  In- 
dustry Track.  Briefly  stated,  we  prepared  a  form  and  submitted  it  to 
the  Association  last  year.  For  reasons  internal  to  the  Committee  itself, 
the  form  was  not  recommended  for  introduction  into  the  Manual,  and 
during  the  current  year  we  found  that  this  same  question  of  a  uniform 
contract  form  of  Agreement  for  Industry  Tracks  was  a  subject  before 
several  other  associations  and  railroad  bodies,  and  it  therefore  seemed 
desirable  to  co-ordinate  our  efforts,  so  far  as  possible,  with  these  other 
bodies.  After  several  joint  meetings  with  representatives  of  the  as- 
sociation which  is  principally  interested  in  this  particular  agreement,  wc 
offer  to  the  Association  this  agreement  for  its  approval  and  for  intro- 
duction into  the  Manual. 

I  will  just  briefly  run  over  Appendix  A,  and  name  the  various  head- 
ings, so  that  if  any  objections  arc  made  or  suggestions  offered  we  can 
consider  them.  It  will  be  observed  that  the  form  is  prepared  with  a 
view  to  eliminating  any  of  the  matters  and  things  which  properly  should 
be  included  in  the  negotiations  or  in  the  bargain.  They  differ  in  differ- 
ent cases,  the  effort  of  the  Committee  being  only  to  include  such  things 
as  might  be  common  to  all  the  railroads  of  the  country  which  may 
adopt  the  form. 

(Mr.  Lee  then  read  Appendix  B,  "Recommendations.") 

These  recommendations  have  been  carried  into  effect  very  gener- 
ally in  certain  portions  of  the  country,  and  it  is  the  belief  of  the  Joint 
Committee  after  looking  into  the  conditions,  that  the  trend  would  be 
very  strongly  toward  following  these  recommendations,  although  in  cer- 
tain sections  of  the  country  it  may  take  time  to  put  the  changes  into 
effect. 

I  wish  to  call  attention  to  the  fact  that  nothing  in  the  sidetrack 
agreement,  page  352,  i^  intended  to  exclude,  or  prevent  any  carrier  from 
inserting : 

(l)    Any  routing  clause. 

(J)  Any  clause  for  tin  continued  use  "t  the  right  off-way  to  othq 
i   i.iiiiisbcii  industries  beyond,  <>r  being  served  through  said  track  (undei 
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clause  No.  5),  by  payment  of  a  per  cent,  on  fair  valuation  of  land  used; 
mutually  valued  or  arbitrated  if  not  agreed  upon. 

I  move  the  adoption  of  the  Agreement  for  Industry  Track  and  its 
incorporation   in   the   Manual. 

(The  motion  carried.) 

(Mr.  Lee  then  read  the  sub-divisions  of  Appendix  A.  Also  the 
matter  on  page  350,  headed  "Agreement  for  Interlocking  Plant,-'  and  the 
headings  in  the  agreement  in  Appendix  C) 

The  President: — Is  there  anything  in  this  contract  as  to  which  com- 
pany  shall   operate  the   plant? 

Mr.  Lee :— That  is  left  to  negotiation  between  the  parties. 

Mr.  H.  R.  Safford  (Grand  Trunk)  : — As  I  read  the  agreement,  it  is 
predicated  on  a  situation  where  two  parties  are  jointly  involved,  and 
where  the  relation  of  the  two  is  not  that  of  junior  on  one  side  and 
senior  on  the  other,  and  I  have  no  criticism  to  offer  of  the  agree- 
ment as  to  that  feature,  but  this  agreement  would  not  apply  and  would 
not  protect  the  senior  company  in  the  case  of  a  crossing  where  one 
company  was  responsible  for  all  of  the  expenditures.  In  that  case  the 
junior  company  should  take  at  least  all  of  the  liabilities  in  connection 
with  the  operation  and  maintenance  of  that  crossing.  In  that  case  the 
towerman  and  other  men  engaged  in  caring  for  the  plant  are  not  joint 
employes,  but  sole  employes  of  the  junior  company,  and  therefore  the 
liability  for  their  actions  must  rest  with  the  junior  company,  but  where 
both  companies  are  interested  to  the  extent  of  paying  for  the  construc- 
tion, maintenance  and  operation,  then  the  towermen  should  be  regarded 
as  joint  employes  and  the  expenses  divided.  Has  the  Committee  given 
any  consideration  to  the  fact  that  there  must  be  a  change  in  the  form 
of  the  contract  to  cover  that  condition? 

Mr.  Lee: — The  Committee  considered  that  phase  of  the  subject  very 
thoroughly,  because  one  or  more  members  of  the  Committee  had 
identical  conditions  in  the  territory  served,  but  it  was  the  thought  of  this 
Committee  that  a  standard  form  could  only  be  prepared  to  meet  the 
usual  requirements.  Where  there  is  an  exceptional  condition  the  con- 
tract form  must  necessarily  be  varied  sufficiently  to  meet  this  excep- 
tional condition.  Doubtless  the  legal  department  of  each  road  will  have 
its  own  views  as  to  the  liability  clause.  This  is,  we  believe,  a  liability 
clause  which  in  the  majority  of  cases,  such  as  are  prevalent  in  the  greater 
portion  of  the  country,  will  meet  the  case.  Of  course,  this  agreement 
will  not  fit  where  there  are  three  or  more  companies,  but  it  is  simply  a 
form  which  is  to  be  varied  where  the  cases  are  special;  and  if  some 
one  company  is  a  senior  company,  and  ii  under  the  laws  or  practices  of 
that  region,  the  senior  company  can  saddle  the  whole  expense  on  the 
junior    company,    that    is    a    condition    which    varies    from    what    we    con- 
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sider  to  be  the  usual  condition,  and  it  must  he  met  by  a  special  contract 
In  other  words,  this  uniform  contract  form  is  not  intended  to  meet  or 
to  cover,  nor  do  we  believe  it  can  be  devised  so  as  to  meet  or  cover 
special  conditions. 

I  wish  to  move  the  adoption  of  the  form  for  Interlocking  Plants 
and  its  incorporation  in  the   Manual. 

(The  motion  carried.) 

The  President:— The  Committee  is  excused,  with  the  thanks  of  the 
Association    for   its   valuable   work. 


DISCUSSION  ON  ROADWAY. 

(For  Report,   see  pp.   403-407.) 

Mr.  J.  A.  Spielmann  (Baltimore  &  Ohio)  : — The  subjects  assigned 
the  Roadway  Committee  are  found  on  page  403. 

The  Committee  make  a  report  on  subject  (6)  only.  A  great  deal 
of  information  was  secured  on  the  other  subjects,  but  not  sufficient 
to  serve  as  a  basis  for  making  reports  thereon.  We,  therefore,  recom- 
mend that  subjects    (1)    to    (5)    be   reassigned   for  the  coming  year. 

In  regard  to  subject  (6),  the  Committee  sent  a  circular  of  inquiry 
to  fifty  of  the  principal  railroads  of  the  country,  but  only  received  twenty 
responses.  An  abstract  of  the  replies  is  given  on  pp.  404  to  406.  After 
giving  these  answers  due  consideration,  the  Committee  formulated  the 
conclusions  given  on  page  407,  and  they  are  offered  for  approval. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  approve  of  the  con- 
clusions generally,  but  I  think  No.  7  ought  not  to  be  confined  to  cast- 
iron  pipe.  If  the  Committee  would  omit  the  words  "cast-iron  pipe"' 
the  conclusion  would  be  just  as  clear  and  less  restricted.  The  same 
criticism  will  apply  to  No.  10,  where  they  specify  iron  pipe.  Iron  pipe 
is  all  right,  but  it  has  its  disadvantages,  and  if  the  Committee  will  leave 
that  out,   the  conclusions   would  be   broader. 

The  President : — The  Committee  will  accept  the  suggestion. 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — In  regard -to  conclusion  No.  8, 
it  seems  to  me  that  the  Committee  should  make  a  little  wider  provision 
for  cases  where  it  is  not  feasible  to  place  the  drain  four  feet  deep.  In 
such  cases  it  might  be  advantageous  to  use  a  drain  composed  of  a  ditch 
filled  with  rock,  or  something  of  that  nature. 

Mr.  Spielmann : — The  conclusion  states  "about  four  feet" — we  do  not 
specify  exact  depth,  but  it  is  well  to  place  the  drain  pipe  below  the 
frost  line. 

Mr.  Baldridge: — It  is  not  the  depth  I  object  to  particularly,  but,  fre- 
quently, if  you  lay  pipe  that  is  not  deep  enough  below  the  surface  of 
the  ground  it  will  be  broken  in  the  winter  time  by  frost,  and  in  that 
case  it  might  be  better  to  use  some  other  kind  of  drain  than   pipe  drain. 

The  President : — Have  you  an  alternative  clause  to  suggest  ? 

Mr.  Baldridge: — It  is  partially  covered  in  conclusion  Xo.  10,  but  not 
altogether.  It  seems  to  me  that  section  should  be  rewritten  in  such  a 
manner  as  to  make  it  clear  that  in  some  cases  where  the  soil  is  good, 
but  of  insufficient  depth  and  freezing  occurs  as  a  rule,  that  a  trench 
tilled  with  broken  rock  covered  with  cinders  might  be  preferable  to  a 
pipe,  regardless  of  whether  or  not  it  is  silty  soil. 

Mr.    W.    P.     Wiltsee     (Norfolk    &     Western)  :    -f    believe    we    ean    gel 

around  this  objection  if  we  change  the  wording,  "Place  hell  end  vitrified 
drain  pipe  with  open  joints,  or  other  drains  between  tracks,"  and  cut  out 
'.'and  about   four  feet  below   base  of  rail";  that  is.  add  after  the  word 

"I'Miilv,"    or   "other    drains,"    cutting    OUl    the    words,    "and    about    four    feet 
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1>elo\v  base  of   rail."     Would  not  that  cover    Mr. .  Baldridge's   suggestion? 

Mr.   Baldridge: — 1   think  that  would  cover  it. 

Mr.  Earl  Stimson  (Baltimore  &  Ohio)  : — I  think  that  it  is  essential 
that  mention  be  made  as  to  the  depth  the  vitrified  pipe  drain  be  placed. 
I  believe  the  paragraph  as  it  is  covers  the  situation  very  well,  and  that 
we  ought  not  to  say  sornething  and  then  modify  it  so  it  really  does  not 
mean  anything,  or  becomes  very  indefinite.  I  suggest  that  the  Commit- 
tee  stand  pat   on   this   section. 

Mr.  Baldridge: — It  might  be  advisable  to  revise  conclusion  No.  9  to 
cover  cases  where  it  is  impossible  to  secure  the  required  depth  for  the 
use  of  drain  tile,  as  well  as  silty  soil,  and  leave  conclusion  No.  8  as 
it  is. 

The  President : — The  necessity  for  putting  in  drains  is  evidently 
where  we  disagree — on  the  kind  of  drain  and  the  depth.  That  is  con- 
trolled by  local  conditions  to  such  an  extent  that  it  may  be  difficult  to 
get  a  convention  of  men  from  so  many  different  parts  of  the  country  to 
agree  on  a  depth.  In  Canada  we  would  have  to  put  our  pipe  8  feet  below 
the  surface  to  keep  away  from   frost. 

Mr.  Stimson  : — I  think  the  general  construction  would  provide  suffi- 
cient depth  to  protect  it  against  frost.  Four  feet  is  ample,  and  three 
feet  would  answer  in  most  cases. 

Mr.  Spielmann : — The  Committee  suggests  that  we  specify  the  drain 
pipe  is  to  be  placed   below  the   frost   line. 

The  President: — Does  that  cover  your  objection,  Mr.  Stimson?  "Be- 
low frost  line"  would  cover  what  the  Committee  wishes  to  bring  out. 
Mr.  Baldridge,  would  the  suggestion  of  the  Vice-Chairman  meet  your 
objection,  that  we  put   it  below   frost  line? 

Mr.  Baldridge: — Partially.  It  is  my  idea  that  the  conclusion  should 
provide  that  where  it  is  impossible  to  get  an  outlet  at  such  depth  that 
your  tile  can  be  placed  below  the  frost  line,  it  is  advisable  to  omit  the 
tile. 

The  President :— Would  not  that  be  a  special  condition,  for  instance 
where   you    would   have   a    low   yard,   one   below    sea    level? 

Mr.  Baldridge : — It  will  happen  very  frequently  that  the  outlet  for 
drainage  is  pretty  shallow  and  will  be  above  the  frost  line. 

Mr.  Spielmann: — Your  Committee  suggests  that  conclusion  No.  8  be 
modified  to  read  : 

"8.  If  the  subsoil  is  of  such  a  nature  that  it  retains  water,  and 
becomes  saturated  therewith,  place  bell  and  vitrified  drain  pipe  or  other 
drains  with  open  joints  between  tracks,  using  special  care  to  place  them 
below  frost  line,  and  deep  enough  to  get  below  the  movement  of  the 
soil." 

That  will  cover  Mr.  Stimson's  objection,  but  not  Mr.  Baldridge's,  but 
we  could   meet   the   latter   by   inserting   the    words    "where    possible." 

Mr.    Baldridge: — That    is    satisfactory    to    me. 

The  President:  —  If  there  is  no  further  discussion,  conclusion  No.  8 
will    stand    as    the    Committee    has    amended    it. 
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(Mr.  Spielmann  then  read  paragraphs  9  and  10,  omitting  the  words 
"of  iron  pipe"  in  No.  10,  which  had  been  agreed  to  by  the  Commit- 
tee.) 

The  President: — If  there  are  no  further  objections,  the  conclusions 
will  be  adopted  and  printed  in  the  Manual  as  amended  and  accepted  by 
the  Committee. 

There  being  no  further  discussion,  the  Committee  is  excused,  with 
the  thanks  of  the  Association. 


DISCUSSION  ON  BALLAST. 

(For   Report,    see   pp.    675-718.) 

Mr.  H.  E.  Hale  (President's  Conference  Committee)  :— The  first  part 
of  the  report  that  is  of  interest  will  be  found  on  page  676,  under  the 
head  of  "Miscellaneous."  The  Committee  was  fortunate  to  obtain  a 
copy  of  the  Pennsylvania  Railroad's  Specifications  for  Stone  Ballast, 
printed  on  page  715.  We  received  this  late  in  the  year,  and  the  Com- 
mittee took  no  action  on  it,  but  printed  it  as  a  part  of  the  report.  The 
most  interesting  part  of  these  specifications  is  the  inclusion  of  physical 
tests  for  stone  ballast.  You  will  find  this  on  page  715.  This  is  the 
first  case  of  the  physical  tests  being  included  in  a  specification  that  the 
Ballast  Committee  has  found. 

On  page  776  the  Committee  suggests  some  definitions.  We  have 
had  occasion  to  use  quite  a  number  of  these  terms  and  we  felt  it  was 
necessary  to  define  them. 

On  page  678  the  Committee  reports  on  the  question  of  proper  depth 
of  ballast  of  various  kinds  to  insure  uniform  distribution  of  loads  on  the 
roadway.  No  conclusion  could  be  reached  by  the  Committee,  on  account 
of  the  fact  that  the  Committee  on  Stresses  in  Track  had  not  completed 
their  report.  We  should  wait  until  that  Committee  has  completed  their 
report. 

Under  the  heading  of  "Methods  and  Cost  of  Applying  Ballast,"  on 
page  686,  is  shown  a  typical  gang  or  proposed  typical  gang  for  ballast- 
ing. Your  Committee  feels  that  this  is  one  subject  where  more  econ- 
omy can  be  gained  by  proper  organization  of  ballast  gangs  than  any 
other  subject  that  has  been  given  to  the  Ballast  Committee.  We  have 
been  able  this  year  to  include  several  different  organizations  used  by 
different  railroads,  and  have  presented  them. simply  as  information,  with 
the  hope  that  we  will  get  from  other  carriers  additional  diagrams  or 
organizations,  so  that  we  can  in  the  coming  year  give  you  a  definite 
recommendation.  The  recommendation  on  page  686  is  purely  tenta- 
tive. The  conclusions  on  page  681  are  simply  to  carry  this  question  over 
until   next   year. 

The  next  subject  given  to  the  Committee  was  the  use  and  limita- 
tion of  mechanical  tools.  We  have  just  given  you  moving  pictures  of 
one  <>f  the  principal  mechanical  tools,  the  "tie  tamper,"  which  can  be 
used  on  gravel  ballast,  or  cinder,  as  well  as  stone  ballast.  Our  conclu- 
sions arc  on  page  681,  which  we  propose  be  printed  in  the  Manual.  1 
would  like  to  move  that  they  be  approved  and  put  in  the  Manual. 
(The  motion  carried  I 
Mr.    Hale:  —  In    regard    to    the    mechanical    tamper,    our    conclusions 

arc  on  page  682,  the  third  paragraph.    1  will  read  them,    We  have  made 
a  slight  change   in  4he   wording: 
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"The  mechanical  tamper  has  passed  the  stage  where  its  usefulness 
under   favorahle  circumstances   needs    further   defense. 

"Around  terminals  and  yards  in  stum,  gravel  or  cinder  hallast, 
where  there  is  a  largo  amount  of  frog  and  switch  work,  so  far  as  this 
Committee  knows,  there  is  no  disposition  to  question  the  experience  of 
its  use  hased  on  its  merits  alone,  entirely  apart  from  any  question  of 
scarcity  of  labor.* 

I    would  like  to  move  that  that  he  approved   and   put   in   the   Manual. 
(The  motion  carried.) 

Mr.  Hale: — We  have  received  from  time  to  time  some  rather  inter- 
esting data  on  the  cost  of  the  mechanical  tamper.  Some  of  it  has  been 
printed  in  this  and  previous  reports.  The  results  reported  were  quite 
different  and  the  Committee  felt  it  was  due  to  the  method  of  keeping 
the  record.  However,  they  felt  that  the  members  of  the  Association 
would  like  to  have  some  data  on  cost,  and  we  did  not  try  to  summarize 
it   or   average   it,   but   simply    reported   it   to   you    as   received   by    us. 

(Mr.  Hale  read  the  first  two  paragraphs  on  page  685.) 

I  move  that  the  two  clauses  be  approved  and  put  in  the  Manual. 

(The  motion  carried.) 

Mr.  Hale: — The  next  subject  assigned  to  the  Committee  was  on 
page  693,  "Comparative  Merit  of  Different  Stones  and  Gravel  and  other 
Material  for  Ballast."  We  have  there  outlined  what  we  recommend  for 
inclusion  in  the  Manual,  showing  the  order  of  effectiveness  of  the  various 
kinds  of  stone.  The  effectiveness  of  different  kinds  of  ballast  was 
approved  last  year  by  the  Association,  and  the  Committee  would  recom- 
mend that  this  be  included  in  the  Manual  as  given  on  page  693. 

(The  motion  carried.) 

Mr.  Hale: — In  regard  to  the  subject  of  physical  tests  of  ballasts, 
at  the  top  of  page  694,  there  is  one  recommendation  for  the  Manual. 

(Mr.  Hale  read  the  first  paragraph  on  page  694.) 

The  Committee  would  like  to  have  that  in  the  Manual,  because  the 
Bulletin  has  a  great  many  tests  carefully  tabulated,  and  anybody  that  is 
studying  the  tests  of  stone  ballast  will  get  some  good  information,  not 
only  in  the  eastern  part  of  the  country,  but  from  all  parts  of  the 
country.  It  is  very  easy  to  select  some  stone  in  the  vicinity  of  the 
proposed  quarry,  the  physical  tests  of  which  will  be  very  helpful. 

I  move  that  that  he  put  in  the  Manual. 

(The  motion  carried.) 

Mr.  Hale: — The  last  subject  assigned  to  the  Ballast  Committee  was 
"Ballast  Section,"  with  particular  reference  to  sub-  and  top-ballast.  Your 
I  omthittee  has  had  this  subject  up  for  several  years,  and  each  year 
they  have  recommended  the  same  section,  but  it  has  not  been  approved, 
and  the  Ballast  Committee  now  comes  back  with  the  same  section  recom- 
mended to  you.  The  Committee  itself  was  not  able  to  agree  until 
we   divided   the  section   into  three  parts,   shown   on   i*agc   713.     When   we 
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divided  the  ballast  section  into  three  parts  there  was  very  little  differ- 
ence of  opinion  when  we  realized  that  we  had  to  have  24  inches  of 
ballast  under  the  tic. 

It  will  probably  make  the  discussion  of  this  subject  easier  if  we  start 
with  Fig.  1,  at  least  it  will  define  where  our  differences  are.  I  would 
like  to  recommend  that  the  ballast  section  shown  on  page  713,  Fig.  1, 
which  shows  a  line  sloping,  beginning  at  the  center  of  the  tic.  at  the 
top  of  the  tic,  sloping  under  the  rail,  one  inch  under  the  base,  to  give 
clearance  for  electric  current,  so  as  not  to  short  circuit  the  electric 
current  in  track  signals,  be  adopted. 

Mr.  R.  H.  Ford  (Rock  Island  Lines)  : — As  J  understand  the  recom- 
mendation of  the  Committee  they  are  seeking  to  have  this  Association 
adopt  a  standard  ballast  section  for  Class  "A"  track.  I  am  not  in  sym- 
pathy with  this  plan  uniess  all  of  the  practical  conditions  affecting  its 
adoption  are  stated  or  shown  and  this,  I  believe,  is 'impossible.  I  have 
no  objection  to  this  particular  section  lor  some  particular  road,  but  I 
think  that  it  is  undesirable  for  this  Association  to  go  on  record  as  com- 
mitting itself  to  any  particular  ballast  section  when  the  sub-surface  and 
other  conditions  cannot  be  stated,  the  result  being  that  the  Association 
places  itself  in  a  position  of  recommending  a  ballast  section  for  condi- 
tions concerning  which  it  has  no  knowledge,  and  I  do  not  think  the 
Association  ought  to  do  it. 

Mr.  C.  E.  Lindsay  (New  York  Central)  :— In  support  of  what  Mr. 
Ford  has  said,  1  would  like  to  call  attention  to  what  the  Committee 
says  on  page  678:  "The  Ballast  Committee  is  not  in  a  position  to  rec- 
ommend any  addition  or  changes  in  the  matter  in  the  Manual  under 
the  heading  of  'proper  depth  ballast.'  The  Committee  therefore  recom- 
mends that  this  subject  be  reassigned   for  the  coming  /ear's   work." 

And  yet  in  the  picture  they  show  a  definite  depth  ballast. 

Mr.  Hale: — That  is  quite  true,  and  the  Committee  feels  that  both 
those  statements  are  correct.  The  one  on  page  678  is  the  question  o't 
the  proper  depth  of  ballast  for  uniform  distribution  of  loads,  and  on 
that  subject  we  have  not  got  any  information,  or  really  we  have  quite 
a  good  deal  of  information,  but  we  have  not  got  what  we  consider  suffi- 
cient to  make  a  definite1  recommendation.  Hut  in  this  section  here  the 
Committee    recommend    the    ballast    cross  section    as    shewn    on    714    be 

adopted  as  (lass  \  track  with  24-inch  ballast.  Wc  Specify  24  in.  of 
ballast.  There  arc  quite  a  number  of  roads  that  have  a  great  deal 
more  than  24  in.,  in  fact,  24  in.  is  quite  common  on  our  trunk  lines,  and 
yet  the  Association  has  shown  no  section  for  over  12  in.,  and  instead 
of    being    objectionable    in    valuation    work,    We    were    confronted    at    one 

time  with  the  question  that  everything  under  12  in.  would  not  he  con- 
sidered ballast,  because  this  Association  onlj  showed  12  in  of  ballasl 
in  their  cross  section  Instead  of  being  objectionable,  it  appears  to  your 
Committee  that  the  Committee  is  \er\   lax  in  not  recommending  a  24  in. 

"  tioii. 
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Mr.    Ford: — As    I    understand   the    Committee,    one    of    the    principal 

pns  for  adopting  this  ballast  section  is  as  an  aid  for  valuation  work. 
While,  of  course,  it  is  very  important  that  there  be  proper  information 
for  valuation,  at  the  same  time  the  primary  purpose  should  be  the  opera- 
tion of  our  railroads.  I  do  not  think  that  this  Association  is  in  any 
position  to,  and  I  believe  they  should  not,  adopt  a  specific  ballast  section 
or  a  specific  depth  of  ballast  for  conditions  concerning  which  they  have 
no  knowledge;  the  reasons  are  obvious  to  the  average  maintenance  man. 

Mr.  Hale: — I  wish  to  say  that  the  Committee  did  not  put  out  this 
ballast  section  for  valuation  purposes,  but  for  the  purpose  of  supporting 
the  track  under  the  present  loads.  Certainly  Mr.  Ford  or  the  members 
of  this  Association  ought  not  to  object  to  a  proposed  ballast  section 
when  24  in.  is  necessary,  because  there  are  many  roads  wanting  to 
increase  the  depth  of  their  ballast,  and  if  they  come  to  our  Manual  for 
that  purpose  they  will  not  find  a  section  with  anything  greater  than  12 
in.  under  the  ties,  and  the  investigation  of  the  Government  in  valuation 
shows  tlyit  there  is  a  large  amount  of  track,  thousands  of  miles  of  it, 
with  over  24  in.  of  ballast.  A  great  deal  more  than  24  in.  under  the 
ties  is  not  unusual  to-day  on  trunk  lines.  The  Baltimore  &  Ohio  and 
the  Pennsylvania  each  have  a  proposed  section,  and  the  Committee 
selected  a  section  that  was  very  close  to  the  Baltimore  &  Ohio  sec- 
tion. It  may  not  be  well  for  this  Association  to  recommend  as  a 
positive  recommendation  that  this  is  the  only  section,  but  certainly  a 
proposed  section  of  this  sort  ought  to  be  in  the  Manual  for  the  guidance 
of  anybody  who  wants  to  use  it. 

Prof.  S.  N.  Williams :— The  Committee  spent  a  large  amount  of 
time  on  the  question  of  24  in.  of  ballast.  We  had  information  from 
many  sources,  including  experiments,  and  finally  reported  it  as  our 
opinion  that  the  depth  of  ballast  should  be  24  in.  It  would  seem  only 
proper  that  we  adopt  a  section  which  corresponds  to  24  in.  depth,  as 
has  been  proven  necessary  on  so  many  roads  and  in  such  a  variety  of 
ways,  so  I  believe  this  particular  section  should  be  approved.  It  leaves 
the  railways  to  follow  their  own  views  in  reference  to  what  class  of 
section  shall  be  used,  and  what  depth,  in  case  they  do  not  wish  to 
use  that  particular  depth   or  that   particular   section. 

Mr.  II.  R.  Safford  (Grand  Trunk)  :— It  lias  been.  I  think,  nearly 
14  or  15  years  since  the  12-in.  ballast  section  in  the  Manual  was 
adopted.  1  have  no  hesitation  in  supporting  the  24-in.  section,  because 
I  believe  that  if  we  will  only  take  cognizance  of  the  increase  in  loco- 
motives and  cars  in  that  length  of  time,  we  will  find  that  24  in. 
is  just  about  necessary.  It  creates  an  ideal  condition,  and  that  is 
the  basis  for  the  recommendation.     I  hope  that  this  motion  will  prevail. 

The  President  :— They  are  not  asking  the  approval  of  the  24  in. 
They  are  simply  asking   for  approval  where  you  do  use  24  in. 

Mr.  Ford: -  I  am  not  objecting  to  12  or  24  inches,  or  any  number  of 
inches,  but  I  do  object  to  a  specific  depth  and  the  specific  dimensions  as 
shown  on  page  714  as  being  the  outline  for  the  standard  ballast  section 
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with  24  inches  of  ballast  being  used.  I  want  to  make  it  clear  that  it  i^ 
not  the  question  of  24  inches,  but  it  is  the  fact  that  it  conveys  the  im- 
pression that  this  is  the  proper  depth  and  proper  form  for  a  standard 
class  "A"  ballast  section,  and  that  if  this  is  not  found  the  track  is  not 
standard,  and  this  is  the  impression  that  will  ultimately  prevail  if  the 
Association  goes  on  record  in  accordance  with  the  recommendations  of 
the  Committee.  I  think  that  the  roads  of  the  country  who  have  a  definite 
ballast  section,  based  upon  their  knowledge  of  what  their  local  conditions 
require,  should  not  be  placed  in  a  position  by  this  Association  that  their 
track  is  not  standard  track  as  measured  by  a  theoretical  section  as  recom- 
mended by  this  Committee,  as  that  is  what  it  practically  amounts  to. 

Mr.  Hale : — If  that  is  the  case,  we  have  quite  a  number  of  ballast 
sections  in  the  Manual,  page  55,  and  if  the  Association  is  against  recom- 
mending a  specific  section,  then,  as  I  understand  it,  Mr.  Ford,  you  would 
recommend  that  those  sections  now  in  the  Manual  be  taken  out. 

Mr.  Ford: — I  see  no  objection  to  the  recommendation  of  the  Com- 
mittee as  being  received  as  information,  but  I  do  not  think  it  should  be 
adopted  for  publication  in  the  Manual. 

Mr.  J.  L.  Pickles  (Duluth,  Winnipeg  &  Pacific)  : — I  think  the  form 
of  the  section  is  all  right.  Why  not  make  it  apply  to  ballast  available, 
so  that  it  would  answer  in  any  depth  of  ballast? 

Mr.  Hale : — That  is  the  idea,  that  we  have  got  to  get  more  than  12 
in.  under  certain  conditions.  We  know  that  24  in.  is  used.  What  we 
would  like  to  do  is  to  put  up  a  section  that,  if  24  in.  is  necessary,  this 
is  the  proposed  section,  not  recommend  definitely  24  in.,  because  wc 
could  not  pass  it,  we  know  that  the  Association  would  not  approve 
it.  If  the  wording  on  page  712  which  the  Committee  has  recommended 
is  not  satisfactory  to  the  Association,  we  would  be  glad  to  change  that ; 
in  fact,  we  would  change  anything  at  all  in  this  section  the  Associa- 
tion desires.  But  the  Committee  strongly  recommend  that  some  section 
be  shown  in  the  Manual  with  24-in.  of  ballast  under  the  tie.  It  is 
possible  that  a  railroad  will  want  18  in.,  and  they  could  very  easily 
split  the  difference  between  the  12-in.  section  recommended  and  the 
24-in.  section  recommended. 

(Mr.   Hale's  motion  prevailed,  unanimously.) 

The  President: — If  there  is  no  further  discussion,  the  Committee  is 
dismissed  with  the  thanks  of  the  Association. 
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(For  Report,  see  pp.  777-872.) 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — On 
page  778,  reference  is  made  to  Subject  No.  1,  "Revision  of  Manual." 

I  want  to  impress  on  the  members  that  these  specifications  are 
twelve  years  old,  far  from  complete,  and  more  or  less  out  of  date  in 
many  respects.  We  cannot  hope  to  get  a  complete  and  satisfactory 
revision  unless  we  get  the  ideas  of  members  who  have  given  the 
subject  study.  The  only  way  to  get  those  ideas  in  satisfactory  form 
is  to  have  the  members  send  the  matter  in  to  the  Committee  in  time 
to  be  incorporated  in  the  draft.  It  would  be  out  of  the  question  to 
submit  specifications  to  this  convention  and  have  them  acted  on  in 
detail. 

The  Committee  presents  the  conclusion  printed  at  the  bottom  of 
page  778,  which  is  as  follows : 

"It  is  concluded  from  information  obtainable  to  date  that  the 
Schoop  metal  spraying  process  does  not  afford  satisfactory  protection 
from   corrosion." 

In  behalf  of  the  Committee,  I  move  the  adoption  of  this  con- 
clusion and  its  insertion  in  the  Manual. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  think  we  ought  to 
be  as  careful  to  guard  against  the  condemnation  of  a  special  process 
as  we  should  be  careful  about  commending  any  special  process  in  the 
Manual,  and  I  think  it  would  put  this  Association  in  a  very  unfair 
position  to  place  in  the  Manual  a  condemnation  of  any  certain  process. 

Mr.  Selby: — The  subject  has  been  before  the  Committee  for  two 
years  for  investigation.  It  is  a  process  that  seemed  to  promise  good 
results.  The  only  object  of  the  Committee  in  presenting  this  con- 
clusion is  to  dispose  of  the  matter.  We  have  had  it  on  hand  for 
some  time  and  we  think  we  have  reached  a  result  that  is  conclusive. 
We  desire  to  be  relieved  of  the  subject. 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — I  ask  the  Committee  if  there 
is  any  reference  in  the  Manual  to  this  matter  previously? 

Mr.  Selby: — Not  in  the  Manual. 

Mr.  Baldridge : — It  would  seem  to  me,  then,  if  we  have  not  endorsed 
it  in  the  Manual,  it  would  be  preferable  that  this  information  go  into 
the   Proceedings  and  not  into  the  Manual. 

The  President  :  As  the  matter  stands  now,  the  original  motion  will 
be  presented,  unless  Mr.  Selby  is  willing  to  withdraw,  with  the  con- 
st nt  of  his  second. 

Mr  Selby  :  With  the  consent  of  im  second,  and  the  approval  of 
the  Committee,  I  withdraw  the  motion  and  present  the  conclusion  as 
information  to  lie  printed  in  the  Proceedings, 

The  President:  If  there  i-.  no  objection  that  will  lie  the  course 
taken 
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(Mr.  Selby  then  read  the  matter  relating  to  Subject  No.  3  on 
page  779.) 

Mr.  Selby:— These  Specifications  for  Movable  Bridges  are  the  result 
of  several  years'  hard  work.  We  think  they  are  valuable  and  will  be 
useful  to  the  members  in  their  present  form.  As  stated,  the  object 
is  to  get  them  before  the  members  for  criticism,  so  that  they  may  be 
revised  and  made  thoroughly  satisfactory  and  be  presented  for  adoption 
next  year,  probably.  This  is  the  procedure  adopted  in  the  case  of  the 
specification  for  bronzes,  which  are  being  presented  this  year  as  a 
conclusion. 

I  will  call  attention  to  an  error  that  has  crept  into  the  specifications. 
In  Article  725,  at  the  bottom  of  page  847  and  in  the  last  paragraph 
of  Article  729  at  the  bottom  of  page  848,  the  same  ground  is  covered. 
Article  725  should  be  replaced  by  the  last  paragraph  of  Article  729. 

These  specifications  are  offered  as  information,  and  I  assume  that 
no  action  is  necessary. 

The  President : — I  must  confess  that  I  have  not  read  these  specifi- 
cations carefully.  They  show  evidence  of  hard  work  and  considerable 
thought  and  study,  and  it  is  hoped  the  members  of  the  Association 
will  offer  their  criticisms  as  requested  by  the  Committee.  In  this 
way  only  can  we  obtain  the  best  results. 

(Mr.  Selby  read  the  matter  under  Subject  No.  4,  on  page  779.) 

Mr.  Selby: — These  tests,  as  you  know,  are  a  continuation  of  tests 
that  have  been  made  by  Prof.  Turneaure's  Sub-Committee  for  several 
years  past.  The  results  of  these  particular  tests  are  given  at  the  top 
of  page  785  in  the  form  of  a  conclusion.  I  will  read  this  matter,  as 
it  is  valuable  and  interesting,  although  it  is  not  presented  to  the  con- 
vention in  the  form  of  a  conclusion  for  adoption  in  the  Manual. 

(Mr.  Selby  then  read  the  matter  relating  to  impact  tests  on  elec- 
trified railroads.) 

(Mr.  Selby  read  the  matter  under  Subject  No.  5,  on  page  779.) 

Mr.  Selby : — These  tests,  as  you  know,  have  been  continued  as  a 
series  during  several  years  past  at  the  Bureau  of  Standards  in  Wash- 
ington, and  they  have  produced  exceedingly  valuable  results.  The  report 
printed  here  is  interesting,  and  I  regret  to  say  that  it  will  be  the  last 
report  of  this  kind  for  some  time.  War  conditions  have  made  things 
in  the  Bureau  of  Standards  so  that  the  tests  cannot  be  continued 
until  after  the  war. 

The  President: — Gentlemen,  we  will  ask  the  chairman  to  read  the 
conclusions,  giving  sufficient  time  to  discuss  the  different  paragraphs, 
and  if  there  is  no  comment  or  discussion  they  will  stand  approved 
and  be  printed  in  the  Manual. 

(Mr.  Selby  then  read  the  matter  under  No.   (1),  on  page  793.) 

Mr.  Selby: — I  will  call  attention  to  the  photographs  on  pages  806 
and  807,  and  ask  you  to  compare  the  action  of  those  laced  columns 
with  the  batten  plate  columns  on  pages  808,  809  and  810.  I  don't 
think  anything  more  is  needed  to  support  this  conclusion  than  a  glance 
at  those  pictures. 
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(Mr.   Selby  read  the  matter  under  No.    (2),  on  page   793.) 

Mr.  Selby: — Here  is  a  subject  which  demands  further  investigation 
and  tests.  It  seems  that  the  tests  so  far  made  show  conclusively  that 
just  what  is  stated  here  is  accurate.  What  we  need  is  a  column 
strength  requirement  based  on  compression  tests  on  short  specimens. 

(Mr.  Selby  then  read  the  matter  under  No.   (3),  on  page  793.) 

Mr.  Selby: — On  behalf  of  the  Committee  I  move  the  adoption  of 
these  conclusions,  and  their  insertion  in  the  Manual. 

The  President : — There  being  no  discussion,  the  matter  will  be 
approved  and  printed  in  the  Manual. 

(Mr.  Selby  here  read  the  matter  on  page  779,  under  Subject  No.  6.) 

The  President : — As  these  have  been  before  the  members  for  a 
year,  and  there  has  been  plenty  of  time  for  discussion,  if  there  is  no 
further  discussion,  the  Chair  will  entertain  a  motion  to  adopt  them 
as  a  whole. 

Mr.  Selby: — I  move  the  adoption  of  the  Specifications  for  Bronzes 
on  pages  812-13. 

(Mr.  Selby  read  the  matter  under  Subject  No.  7,  on  page  779.) 

Mr.  C.  P.  Howard  (Interstate  Commerce  Commission)  : — Does  the 
reference  to  electric  locomotives  include  the  kind  that  have  counter- 
balance and  rods  like  a  steam  engine — the  Pennsylvania  type — does  it  refer 
to  that  type? 

Mr.  Selby: — It  does  not.  I  believe  the  locomotives,  both  on  the 
Norfolk  &  Western  and  the  Chicago,  Milwaukee  &  St.  Paul,  do  not 
have  side  rods  and  were  perfectly  counterbalanced. 

Mr.  Howard: — That  is  what  I  supposed.  Should  not  there  be 
something  inserted  to  show  that  is  the  case? 

Mr.  Selby : — That  information  is  contained  in  the  details  of  the 
report. 

Mr.  Howard : — Ought  not  that  to  be  shown  in  the  conclusion,  so 
that  people  reading  the  conclusion  would  confine  it  to  engines  which 
are  perfectly  counterbalanced? 

Mr.  Selby : — Yes,  it  would  be  better  to  have  it  stated  in  the  con- 
clusion. I  am  disappointed  that  Prof.  Turneaure  is  not  here  this  morn- 
ing, as  I  was  hoping  he  would  be  able  to  tell  us  some  more  inter- 
esting things  about  these  tests. 

The  Committee  will  revise  the  conclusion  by  the  addition  of  a 
paragraph  showing  that  there  were  no  reciprocating  parts  in  the  loco- 
motives used. 

The  President: — The  members  will  he  interested  in  knowing  that 
the  Railway  Bureau  of  the  Government  of  India  has  requested  by  cable 
this  week  that  two  of  the  extensonuters  used  by  this  Committee,  ami 
■  I.  signed  by  Prof.  Turneaure,  be  shipped  to  Simla,  India,  for  the  making 
oi  impact  tests  on  bridges  in  that  country.     (Applause.) 

Thai  completes  tins  repott,  and  while  we  have  a  long  pro 
gram,  the  Chair  would  suggest  that  we  have  some  disbnuiofl  fall 
the    lubjeel    of    carrying    over    1  > r i <  1  ^ « •  ^    and    maintenance    of    bridges 
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that  probably  would  otherwise  be  replaced,  but  owing  to  the  pres- 
ent conditions  and  the  difficulty  of  getting  steel,  cannot  be.  Some 
of  the  menil>ci>  may  have  some  valuable  information,  if  they  will 
tell   us   what  they  are  doing  in   this  direction. 

Mr.  Selby:— Mr.  President,  there  is  a  paragraph  in  the  report  on 
that  subject,  which  I  failed  to  read,  in  connection  with  Subject  No.  1, 
Revision  of  the  Manual. 

(Mr.   Selby  then  read  the  last  paragraph  under  No.  1,  on  page  778.) 

This  is  one  subject  the  Committee  has  had  in  mind  for  some  time, 
and  expects  to  take  up  immediately,  subject,  of  course,  to  the  instruc- 
tions of  the  Board  of  Direction.  The  only  existing  rules  in  the  Manual 
were  adopted  ten  years  ago.  They  are  rather  indefinite,  and  we  feel 
that  they  should  be  revised  along  with  the  specifications  for  the  con- 
struction of  bridges. 

Mr.  P.  B.  Motley  (Canadian  Pacific)  : — With  regard  to  the  ques- 
tion of  how  to  carry  over  existing  bridges  during  these  war  times,  as  far 
as  wooden  bridges  are  concerned,  the  removal  of  decayed  timber  or  the 
addition  of  reinforcing  timber,  where  called  for  by  the  physical  condi- 
tion of  the   structures,   will   usually  attain  the  desired   end. 

As  far  as  the  renewal  of  permanent  structures  is  concerned  in  order 
to  carry  heavier  power  or  for  other  reasons,  I  am  inclined  to  think  that 
war  prices  of  material  and  labor  will  lead  us  all  to  consider  more  and 
more  the  use  of  reinforced  concrete  instead  of  steel.  In  this  connection, 
on  the  Canadian  Pacific,  we  have  had  recently  some  interesting  experi- 
ences. As  you  know,  we  have  a  very  large  mileage  extending  from  the 
Atlantic  to  the  Pacific,  and  our  permanent  bridges,  if  added  together, 
would  aggregate  about  68  miles.  Some  of  them  date  as  far  back  as 
1887,  but  are  yet  doing  good  service,  with,  of  course,  limitations  as 
to  the  weight  of  engines  being  operated  over  them.  Year  by  year,  traffic 
requirements  call  for  renewal  of  some  of  the  older  bridges  to  accommo- 
date modern  engines  and  equipment.  Last  season  we  found  it  economical 
to  replace  two  single-track  steel  trestles,  about  100  feet  high  and  500 
feet  long,  with  reinforced  concrete  structures;  the  details  of  which,  both  in 
design  and  construction,  are  extremely  interesting.  One  of  these  struc- 
tures is  rebuilt  for  double  track  and  the  other  for  three  tracks.  The 
tower  spans  are  35  feet  and  the  open  spans  37  feet  long.  The  towers 
were  built  in  the  manner  usually  employed  for  concrete  buildings,  that 
is  to  say.  with  forms  which  were  elevated  story  by  story.  The  girder 
slabs,  however,  weighing  55  tons  each,  were  built  near  the  bridge  site  and 
put  in  place  by  an  ordinary  railroad  100-ton  wrecking  crane,  but  as 
the  reach  of  the  crane  was  not  sufficient  to  handle  the  slabs  unaided, 
a  temporary  wooden  span  was  used  to  bridge  the  gap  and  handle  one  end 
of  each  girder  slab  while  being  transported  across  the  openings.  By 
this  means  all  slabs  are  being  placed  at  a  very  reasonable  cost,  much 
less  than  would  have  been  necessary  if  falsework  had  been  built  from 
the  ground  up.  In  fact,  this  method  of  erection  alone  made  the  reinforced 
concrete  trestles  compete   with   steel ;   moreover,   steel    would  have   taken 
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considerably  longer  to  obtain  and  erect.  In  addition  the  concrete  struc- 
tures have  solid  floors  and  practically  no  maintenance  charges,  instead 
of  the  usual  open  tie  floors  and  periodical  painting  bills,  which  are 
inevitable  with  steel  structures.  At  the  present  price  of  steel,  openings 
up  to  33  feet  can  always  be  bridged  with  reinforced  concrete  cheaper 
than  with  steel. 

The  foregoing  is  intended  to  show  one  way  of  renewing  comparatively 
large  bridges  in  permanent  form  with  material  cheaper  than  steel  at  the 
present  time. 

Mr.  R.  H.  Ford  (Rock  Island  Lines)  : — It  seems  to  me  that  there 
are  two  thoughts  that  should  be  kept  in  mind  at  this  time,  viz. :  First, 
that  we  are  in  for  a  long  war;  second,  that  the  railroads  of  this  coun- 
try are  to  be  placed  at  a  tremendous  strain  to  carry  traffic  with  grad- 
ually decreasing  man-power,  as  must  be  the  inevitable  result  during  the 
period  of  the  war.  Comparisons  with  the  French,  English  and  German 
roads,  so  far  as  they  have  come  to  us,  all  are  full  of  object-lessons. 

The  indications  are  that  concrete  is  one  of  the  materials  that  will 
be  used  to  a  less  extent  for  war  necessities  during  the  war  than  cither 
wood  or  steel,  and  its  possibilities,  therefore,  offer  a  wider  range  for 
development  by  other  different  conditions  than  has  heretofore  been 
contemplated.  The  use  of  concrete  in  unit  construction  is  one  of  the 
mediums  offering  fine  opportunities  in  railway  maintenance  and  con- 
struction. The  Rock  Island  Lines  have  been  extensive  users  of  con- 
crete in  Chicago  for  the  past  five  years  and  have  developed  to  a 
considerable  extent  in  concrete  unit  construction.  Posts,  columns,  gird- 
ers and  slabs  have  been  built  of  concrete,  weighing  from  10  to  55  tons, 
and  have  been  quickly  and  easily  placed  by  a  large  65-ton  clamshell 
crane,  under  conditions  that  have  compared  favorably  with  all  other 
types  of  construction,  but  under  war  conditions,  when  costs  arc  only 
one  of  the  important  factors  as  compared  with  deliveries  and  man- 
power, it  certainly  offers  advantages  for  development  that  it  has  not 
been    necessary    to   consider   heretofore. 

There  i^  a  great  deal  that  Engineers  can  do  in  connection  with 
the  design  and  construction  of  reinforced  concrete.  Changes  in  design 
are  possible  whereby  less  steel  may  be  used  than  formerly  had  been 
felt    was    necessary.     The   method   of    plating,   the    reinforcing   of    the 

iinitS,    methods    of    assembling    the    units    at    the    site,    getting    raw    mate- 

nals   together,   etc.,   offer   very   attractive   opportunities    for   saving   both 

in     man-DOWe*    and    in    construction,     as    well     as     the     least     interference 

with   actual   war  necessities. 

I  trust  that  the  Committee  during  the  coming  year  will  devote 
special  attention  to  the  question  of  unit  construction.  Conditions  are 
"  peculiar  and  unusual  thai  onrj  .i  comprehensive  stud)  of  the  problem 
will  properly  develop  the  situation 

\li  Motlcj  .  If  1  ma)  be  permitted  to  sa)  something  more.  1  would 
like  to  make   one   remark   about    the  question   of   overloading      One   of 
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the  speakers  spoke  of  arriving  at  a  decision  as  to  what  per- 
centage of  overload  is  allowable  on  our  steel  bridges  in  excess  of  the 
engine   for  which  they   were  designed. 

After  long  experience,  I  consider  it  is  impossible  for  this  Associa- 
tion or  this  Committee  to  state  a  definite  figure  for  this  purpose.  Each 
and  every  bridge  has  to  be  considered,  and  each  and  every  part  of  the 
bridge  has  to  be  looked  into;  the  floor  is  liable  to  be  overstressed  differ- 
ently from  main  trusses  and  we  have  found  that  the  only  satisfactory 
way  is  to  classify  the  ruling  parts  of  a  structure  according  to  Cooper's 
loading.  Then  the  engine  should  also  he  reduced  to  Cooper's  loading, 
after   which   a  comparison  can   be  quickly   made  and   rulings   issued. 

In  this  connection  we  have  what  we  call  a  "Bridge  Load  Chart." 
from  which  operating  officials  can  see  at  a  glance  what  engines  are 
permitted  to  run  over  each  section  of  the  Company's  lines.  The  criterion 
for  running  engines  heavier  than  that  for  which  structures  were  designed 
mu^t  always  be  decided  by  the  Engineer,  based  upon  the  type  and  design 
of  details,  rivet  spacing,  physical  condition  due  to  corrosion,  wear  of 
pins,  etc. 

Mr.  A.  F.  Robinson  (Santa  Fe)  :— We  have  got  to  meet  unusual 
conditions.  It  is  generally  relatively  easy  to  determine  as  to  just  how 
much  unit  stress  we  dare  carry  in  our  steel  structures.  We  ma}-  not 
be  able  to  hold  the  unit  stress  under  these  conditions  even  to  reasonable 
limits.  Last  night  Mr.  Purdon  mentioned  a  telegram  he  received  from 
Washington,  asking  if  he  could  carry  certain  consolidation  locomotives, 
the  minimum  axle  weight  on  the  drivers  being  55,000  lbs.  They  did 
not  tell  him  anything  about  the  counterweighting  or  the  spacing,  simply 
said  minimum  axle  weight. 

I  have  been  asked  to  rate  our  bridges  on  the  Cooper's  series, 
with  tha  idea  that  the  Government  committee  might  be  able  to  make 
our  ratings,  say,  to  E-50,  E-55,  or  something  of  that  sort. 

We  have  got  to  consider  not  always  what  every  one  of  us  may 
count  absolutely  safe.  We  have  got  to  find  out  just  how  far  it  is 
reasonably  safe  to  go,  and  there  will  be  different  locations,  different 
traffic  conditions,  which  will  modify  the  judgment.  We  cannot  lay 
down  the  rule  positively. 

There  is  one  phase  of  this  matter  which  is  not  exactly  a  part  of 
the  work  of  this  Committee.  It  is  the  timber  bridges.  Stringers 
7"  and  8"  x  16",  it  is  almost  an  impossibility  to  obtain  to-day,  because 
of  ship  construction  work.  It  is  an  extremely  difficult  matter  to  lay- 
down  fixed  rules  as  to  the  maximum  fiber  stress  to  be  permitted  on 
the  stringers.  I  have  recommended  to  our  company  something  in  the 
way  of  a  sliding  rule.  We  do  not  adopt  any  maximum  fiber  stress. 
We  found  that  on  certain  section-  of  the  line  we  had  broken  stringers, 
say  with  a  three-ply  chord,  and  on  other  sections  of  the  line  with  very 
similar  loading  we  had  almost  no  broken  stringers.  The  only  rule  we 
can  go  by,  1   think,  in  this  matter  is  the  percentage  or  number  of  broken 
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stringers.  We  cannot  always  expect  to  get  along  without  broken  ones. 
We  must,  however,  use  the  limit.  We  have  to  consider  those  features. 
and  not  attempt  to  establish  a  fixed  fiber  stress.  It  is  going  to  vary  with 
the  different  climatic  conditions  and  with   different  traffic  conditions. 

Mr.  E.  A.  Frink  (Seaboard  Air  Line)  : — It  seems  to  me  that  judging 
the  capacity  of  an  existing  structure  is  perhaps  the  most  important  and 
at  the  same  time  the  most  difficult  problem  that  the  Engineer  has  to  face. 
You  can  make  formulas  for  it,  you  can  establish  criteria,  but  they  do 
not  answer  the  full  purpose  that  you  want.  You  can  establish  certain 
limits  of  stress  beyond  which  you  ought  not  to  go.  But  there  are  so 
many  other  questions  dealing  with  the  location,  the  condition  of  the 
foundation,  the  condition  of  the  structure,  the  kind  of  deck  it  carries, 
the  condition  of  the  rolling  stock  and  others,  that  I  do  not  think  of  at 
this  minute,  that  come  in,  so  that  the  unit  stresses  in  themselves  bear  a 
comparatively  small  part.  I  realize  the  importance  at  this  time  of  being 
as  liberal  as  we  can  safely  in  allowing  overloading  of  bridges,  but  per- 
sonally I  think  that  the  matter  already  contained  in  the  Manual,  which 
establishes  the  limits  which  are  considered  safe  for  stresses,  will  be 
hard  to  improve  upon,  except  that  it  would  be  very  well,  indeed,  to  make 
any  investigation  possible  on  the  question;  but  I  seriously  doubt  if  we 
will  be  able  to  exceed  those  limits. 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  : — In  many  structures- 
it  is  advisable  to  strengthen  them  and  carry  them  over  for  several  years, 
until  times  become  better  for  rebuilding,  and  a  very  simple  expedient  is 
to  put  false-work  under  them.  We  have  had  several  viaducts  we  have 
treated  in  that  way,  and  some  girder  bridges.  Oftentimes  it  is  feasible 
to  strengthen  any  ordinary  truss  bridge  by  going  over  it  carefully,  and 
if  the  floor  is  weak,  or  members  subject  to  counter-stresses,  strengthen 
them.  That  has  been  done  to  a  considerable  extent.  Also  improve  the 
columns,  particularly  the  top  chord  sections  of  the  older  triangular  truss 
bridges,  by  inserting  additional  columns,  so  as  to  shorten  the  length  of 
the  top  chord  sections,  and  also  by  suspending  web  compression  mem- 
bers so  as  to  get  rid  of  the  effect  of  their  weight. 

The  most  unique  strengthening  we  have  done  was  a  trestle  in  Rigolet's 
Pass,  on  the  Gulf  Coast,  where  the  water  varies  from  about  45  to  57 
ft.  in  depth.  That  is  a  timber  trestle  that  was  put  in  a  very  swift  cur- 
rent after  a  storm  that  destroyed  sixteen  girder  spans.  The  work  oon« 
templated  bad  been  to  put  a  wind  and  stormproof  structure  across  thai 
strait.  We  were  about  ready  to  undertake  that  work  when  war  condi- 
tions came  on.  The  foundations  wire  very  difficult  and  we  were  forced 
to  suspend  the  work.  Then  the  problem  was  to  maintain  the  wooden 
trestle  in  that  water,  subject  to  severe  storms  and  very  strong  current. 
We  adopted  a  plan  which  I  believe  (o  be  unique.  We  got  a  lot  of  ordin- 
ary di^c  anchors  and  secured  them  in  the  bottom  of  the  pass  in  the  sand 
at   a   distance   of   a   little   more    than    KM)   ft,    from    the    Structure,    lining    big 

heavy  pipe  to  put  the  anchors  down,  the  pipe  poising  over  the  stem  of 
'I"'  anchor,  and  held   bj    a   floating  pile   driver  until   the  anchors   \\<ie 
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screwed  down.  To  the  eyes  at  the  end*  <>t  the  stems  o£  the  disc  anchors 
wen  attached  5-in.  steel  wire  ropes.  These  ropes  were  attached  to  the 
caps  and  stringers  of  the  trestle.  One  such  guy  was  put  on  each  side 
of  each  alternate  hcnt.  It  was  impracticable  to  get  bracing  on  these 
piles,  and  it  was  impracticable  to  drive  the  piles  to  line  at  right  angle  to 
the  trestle.  The  piles  in  the  swift  current  go  in  all  directions.  It  is 
found  by  actual  experience  that  the  stiffening  of  this  trestle  by  guys 
has  added  to  its  strength.  We  have  been  able  to  pull  it  into  line  to 
some  extent  by  these  guys,  and  it  is  hoped  that  expedient  may  save  the 
Structure  from  any  ordinary  Gulf  storms.  It  may  not  be  possible  to 
save  it  in  the  most  violent  of  the  tropical  storms  that   sometimes  occur. 

Mr.  B.  R.  Lefflef  <  New  York  Central)  : — I  wish  to  call  attention  to 
some  methods  of  reinforcing  old  steel  trestles.  In  our  particular  case 
for  a  trestle  about  75  ft.  in  height,  an  attempt  was  made  to  reinforce 
it  by  putting  timber  bents  in  the  middle  of  the  span.  I  regard  this  as 
a  questionable  practice.  In  fact,  it  may  be  dangerous.  If  timber  had 
a  coefficient  of  elasticity  as  high  as  steel,  it  might  work,  but  having  only 
about  one-twentieth  the  coefficient,  it  can  be  easily  seen  that  for  any 
load  on  a  high  trestle  reinforced  by  wooden  bents,  the  wooden  bents 
would  not  take  the  load  as  might  be  supposed. 

Of  course,  the  argument  has  been  made  that  if  you  send  a  bridge- 
man  around  often  enough  to  wedge  up  the  bent  so  that  an  upward  camber 
is  put  into  the  span,  you  will  help  out  the  trestle,  but  that  is  question- 
able,  and   implies   a   faithful   performance   of   certain   duties. 

We  have  seen  trusses  with  framed  bents  underneath  panel  points, 
the  idea  being  to  decrease  the  span  length.  The  result  is  some  eye- 
bars  are  placed  in  compression.  Think  of  it  in  this  way — a  plate-girder  is 
supported  rigidly  at  each  end,  and  in  the  middle  you  attempt  to  sup- 
port it  by  a  spring  of  about  one-twentieth  the  elasticity  of  steel. 

Mr.  W.  S.  Bouton  (Baltimore  &  Ohio)  : — The  unit  stresses  in  ten- 
sion given  in  the  Manual,  of  22,000  lbs.  for  iron  and  26,000  lbs.  for  steel, 
as  not  being  prohibitive,  have  been  used  on  our  road  for  many  years  as 
maximum  stresses  on  light  structures,  and  we  have  had  no  trouble  with 
structures  so  stressed. 

The  bridges  are  figured  in  detail  on  the  basis  of  Cooper  E-loading, 
and  the  engines  are  likewise  rated  in  accordance  with  this  loading.  The 
maximum  stresses  produced  by  the  passage  of  engines  are  determined  in 
this  manner. 

When  power  placed  over  a  structure  will  produce  such  stresses,  it 
is  advisable  to  watch  it  carefully  for  some  time,  but  normally  there  is 
no  trouble  under   such   loading. 

1    do   not    think   that   we  can   stress   the   structures   much   beyond    the 
limits    already    mentioned.      These    unit    stresses    were    based    on    the    old 
300 

impact    formula    ,    and    with    the    new    impact    formula    recently 

L  +  300 
adopted  \>\    the    Association   in  use,  these  stresses   should  be  revised. 
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We  cannot  get  steel,  and  it  is  just  about  as  difficult  to  get  labor  to 
build  concrete  structures  as-  it  is  to  get  steel,  and,  where  the  power 
which  it  is  desired  to  operate  will  produce  stresses  in  excess  of  those  given 
above,  I  believe  that  the  temporary  trestling  of  such  structures  offers  the 
best  solution. 

Mr.  F.  Auryansen  (Long  Island)  : — Referring  to  the  methods  of 
strengthening  structures,  about  ten  years  ago  when  the  cement  gun  was 
first  being  developed  in  the  laboratories  at  Whitestone,  L.  1..  T  went  there 
to  investigate  it.  and  found  that  their  product  was  really  remarkable. 
Following  that  visit  a  scheme  was  devised  for  strengthening  a  bridge 
with  steel  floor  beams,  carrying  brick  jack  arches,  which  spans  tracks 
leading  into  the  freight  yard  at  Long  Island  City.  This  bridge  had  been 
built  some  years  before,  and  the  locomotive  blast  had  reduced  the  steel 
sections  and  also  had  removed  a  great  deal  of  the  mortar  from  the 
brick  work.  The  proposition  was  to  strengthen  the  bridge,  not  alone 
with  respect  to  the  brick  arches,  but  also  the  steel  structure,  and  the 
idea  was  conceived  of  using  the  cement  gun  to  make  a  reinforced  concrete 
addition  to  the  structure  which  would  fill  the  soffits  of  the  brick  arches. 
In  order  to  test  the  strength  and  behavior  of  the  composite  structure, 
experimental  beams  were  made  up  of  bricks  laid  on  p.  concrete  bed  in 
wooden  forms;  reinforcing  rods  were  placed  above  the  bricks,  and  the 
intervening  space  was  then  shot  full  of  gunite.  These  composite  beams 
were  made  of  different  depths  representing  the  variation  in  the  rise  at 
tlie  different  parts  of  the  jack  arcb.  The  beams  were  tested  by  loading 
with  rails,  and  in  every  case  it  was  found  that  the  cracks  which  developed 
at  ultimate  failure  extended  right  through  the  brick  work;  in  other 
words,  the  combination  was  just  as  effective  as  the  reinforced  concrete 
portion  of  the  structure,  but  depended  upon  and  was  limited  by  the 
strength  of  the  brick. 

The  idea  was  not  only  to  strengthen  the  brick  arches,  but  to  put 
enough  more  reinforcing  steel  in  the  structure  to  make  up  for  at  least 
a  part  of  the  reduction  of  the  original  beam  sections.  As  a  matter  of 
fact,  the  strengthening  of  the  bridge  has  never  been  carried  out :  as  a 
subsequent  careful  investigation  revealed  that  the  structure  is  in  better 
condition   than   previously   reported. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — A  notable  example  of 
conservation  of  steel  structures  is  found  in  the  viaduct  of  the  Southern 
Pacific  over  the  Pecos  River  on  its  line  between  El  Paso  and  New  Orleans 
This  structure  is  one  of  the  high  bridges  of  the  world,  its  base  of  rail 
being  328  feet  above  the  river.  It  was  a  rather  light  structure,  being 
built  about  twenty-five  years  ago.  It  became  necessary  to  have  a  beaviei 
structure.  On  account  of  the  great  cost  of  the  original  structure,  and 
the  impracticability  of  maintaining  traffic  if  it  was  taken  down  and  re 
placed  by  a  new  structure,  the  problem  was  solved  by  tin  addition  of  .i 
third  truss  mi  tin  center  line  <>t"  the  track.  The  columns  were  strength 
ened  by  riveting  thereto  additional  angles.  The  design  "t  the  original 
itmcturc    hut    itself    to    such    strengthening,    amounting,    I    believe,    sub 
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5tantially  to  an  increase  of  one-third  over  the  original  carrying  capacity. 
The  work  was  done  by  the  Missouri  Valley  Bridge  &  Iron  Company,  of 
Leavenworth.  Kansas.  Those  having  similar  problems  on  hand  could 
secure  more  detailed  information  by  communicating  with  that  company 
and  the  Southern  Pacific. 

Mr.  Liffler: — I  have  in  mind  plate-girder  spans.  I  believe  that  the 
plate-girder  is  one  of  the  most  serviceable  forms  that  a  bridge  can  have. 
In  tny  experience  we  have  not  found  a  plate-girder  that  failed  by  direct 
tension  in  the  bottom  flange.  If  a  failure  occurs,  it  is  by  buckling  of 
the  top  flange,  due  to  improper  lateral  bracing. 

In  many  old  spans  such  as  were  made  along  in  the  90's,  the  lateral 
system  did  not  receive  the  proper  attention  in  designing,  and  by  re- 
building the  lateral  system  many  plate-girder  spans  can  be  made  very 
serviceable.    The  buckling  tendency  of  the  top  chord  is  reduced. 

Another  method  is  to  double  old  girder  spans.  It  seems  to  me  that 
here  lies  a  field  where  the  different  roads  could  interchange  material. 
For  instance,  one  road  might  have  a  weak  plate-girder,  and  another 
road  might  have  another  similar  span  and  the  two  could  be  doubled. 
By  putting  two  girders  under  a  rail  and  connecting  them  with  a  small 
lateral  system,  we  obtain  great  lateral  stiffness,  and  have  a  structure  that 
will  last  for  years. 

Mr.  Auryansen: — One  simple  expedient  is  to  revert  to  the  "slow 
order,"  which  immediately  reduces  the  effect  of  the  live  load.  The 
principal  objection  is  that  it  is  very  apt  at  times  to  be  disregarded.  I 
remember  hearing  the  following  story  of  the  old  Pennsylvania  Railroad 
bridge  at  Havre  de  Grace:  While  the  new  bridge  was  under  construc- 
tion, an  express  train  exceeding  the  speed  restriction  was  flagged  by  the 
watchman  at  the  bridge,  and  was  stopped,  and  then  had  to  be  started 
again   right  in  the  middle  of  the  bridge. 

To  be  effective,  these  orders  have  to  be  observed  without  excep- 
tion, and  it  is  not  sufficient  to  have  some  papers  in  an  official's  file,  or 
orders  posted  on  a  bulletin  board.  If  this  objection  can  be  eliminated, 
this  simple  method  would  automatically  reduce  loads  and  correspondingly 
increase  the  capacity  of  bridges. 

The  President : — We  have  obtained  some  unusually  valuable  informa- 
tion and  are  indebted  to  the  members  who  have  given  it. 

If  there  is  no  further  discussion,  the  Committee  will  be  relieved, 
with  the  thanks  of  the  Association  for  their  excellent  work. 
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DISCUSSION  OF  IMPACT  FORMULA. 

The  following  correspondence  between  Professor  E.  E.  Turneaurc. 
Dean  of  the  College  of  Engineering,  University  of  Wisconsin,  and  Mr. 
Gustav  Lindenthal,  Consulting  Engineer,  New  York  City,  is  published 
herewith  as  being  a  matter  of  very  great  interest  to  Bridge  Engineers  and 
members  of  the  Association  generally : 

March  27,  1917. 
Mr.  Gustav  Lindenthal, 
Consulting  Engineer, 

68  William  Street,  New  York  City. 
Dear  Sir: — 

You  have,  perhaps,  followed  somewhat  the  work  of  the  Iron  and 
Steel  Structures  Committee  of  the  American  Railway  Engineering  Asso- 
ciation on  the  subject  of  Impact,  and  noted  the  experiments  which  have 
been  carried  on  by  the  Sub-Committee  at  intervals  for  a  number  of  years. 
The  results  of  these  experiments,  together  with  such  experimental  data 
as  were  otherwise  available,  have  led  to  the  formulation  of  an  impact 
formula,  as  follows : 

30,000 

1= 

30,000  +  L2 

It  has  seemed  to  the  Committee  that,  from  all  the  data  we  could  obtain, 
this  formula  covers  fairly  well  the  maximum  impact  effect  to  be  ex- 
pected in  ordinary  railroad  bridges. 

In  your  review  of  Mr.  Waddell's  treatise  on  bridges,  published  in 
the  Engineering  News  December  21,  1916,  you  refer  to  the  experimental 
data  mentioned  by  Mr.  Waddell  as  being  inconclusive,  and  call  atten- 
tion to  the  formula  suggested  by  yourself  in  an  article  published  in  the 
Engineering  News  August  1,  1912.  This  formula  was  examined,  among 
others,  by  the  Sub-Committee  on  Impact,  and  it  did  not  seem  to  them 
that  it  would  be  a  satisfactory  basis  for  the  A.  R.  E.  A.  specifications. 
I  have  taken  occasion  to  look  over  your  article  again,  and,  in  view  of 
your  statement  in  your  review  of  Mr.  Waddell's  work,  would  like  to 
inquire  if  you  can  give  me  any  further  information  as  to  the  basis  of 
your  formula  than  is  contained  in  the  above-mentioned  article. 

You  say  something  in  that  article  about  the  formula  being  based 
on  observations  which  you  have  made,  and  that,  in  your  judgment,  it 
is  of  quite  general  applicability.  Tf  the  observation  or  data  which  you 
have  in  mind  have  been  published,  or  arc  available,  the  Sub-Committee 
would  be  very  glad,  indeed,  to  have  access  to  tin's  information. 

Of  course,  the  proposed  formula  of  the  Committee  is  applicable  only 
!<>  structures  carrying  railroad  trains  headed  by  the  ordinary  steam 
locomotive,  and  undoubtedly  should  be  modified  for  application  to 
structures  carrying  electric  trains  only.  The  Sub-Committee  made  a 
number  of  experiments  last  summer  on  the  Norfolk  &  Western  Rail- 
way, where  electric  traction  was  used,  and  expects  to  make  further 
experiments  on  the  C.  M.  &  St.  P.  road  during  the  coming  summer  on 
its  electrified  section.  There  is  no  question  that  we  will  find  much 
smaller  impact  under  electric  locomotives  than  under  steam  locomotives, 
and,  with  well-balanced  machines,  the  impact  effect  should  be  very  small, 
as  we  have  already  found. 

The  Committee  does  not,  of  course,  claim  that  the  experiments 
made  by  it  are  wholly  conclusive,  but  the  information  obtained  by  these 
and  other  similar  tests  is  the  best  evidence  available  on  the  subject,  s,. 
far  as   we  know.     In  the  case  of  spans  below   50   feet   in  length,  bridge 
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stringers  and  hangers  so  arranged  that  there  is  little  elasticity  between 
the  rail  and  the  member  in  question,  the  experiments  are  not  very  satis- 
factory, and  no  great  accuracy  is  claimed  for  them,  as  is  stated  in  our 
reports.  On  the  other  hand,  in  the  case  of  girder  flanges  and  main 
truss  members  in  bridges  exceeding  about  50  feet  in  span  length,  I 
believe  our  results  are,  on  the  whole,  satisfactory,  and  may  be  taken 
as  a  fair  measure  of  live  load  effect.  We  have  seen  no  evidence,  in 
all  of  our  numerous  experiments,  that  the  application  of  load  produces 
anything  like  a  shock  or  blow  which  cannot  be  measured  by  extensome- 
ters  and  deflectometers.  We  therefore  feel  that  we  have  good  reason 
to  place  reliance  upon  our  results,  and  that  an  impact  formula  based 
upon  the  maximum  values  obtained  in  these  experiments  in  which  excess- 
ive speeds  have  been  used  may  safely  be  taken  to  represent  what  is 
actually  understood  as  impact.  The  Committee,  however,  desires  to 
secure  all  possible  information,  and  is  very  glad  of  all  suggestions  on 
this  important  subject,  and  would  be  pleased  to  receive  any  informa- 
tion from  you  in  any  way  supplementing  your  published  report. 
Yours  very  truly, 

(Signed)     F.  E.  Turneaure. 
Chairman,  Sub-Committee  on  Impact. 

April  17,  1917. 
Professor  F.  E.  Turneaurc,  Dean, 

The  University  of   Wisconsin, 
Madison,  Wisconsin. 
Dear  Sir : — 

I  have  received  your  letter  of  March  27.  Repeated  absences  from 
the  city  prevented  me  from  replying  earlier. 

T  be^,  leave  to  enclose  a  copy  of  my  article  on  my  impact  formula, 
having  on  the  last  page  an  addendum  not  published. 

When  speaking  of  the  effect  of  live  load  plus  shock  on  steel  as 
equivalent  to  three  times  the  effect  of  quiescent  load,  I  do  not  mean 
stress  or  strain.  This  I  have  expressly  emphasized  in  my  article  pub- 
lished in  Engineering  News  August  1.  1912.  I  thought  I  had  made 
this  distinction  clear,  to  avoid  misunderstanding.  Tt  would,  perhaps, 
have  been  better  if  I  had  used  the  words  "durability"  or  "resistance  to 
deterioration"  in  place  of  effect  or  physical  effect. 

The  principal  object  of  adding  a  value  for  the  effect  of  shock  and 
vibration  to  the  static  stress  from  live  load  is  to  make  all  parts  of  the 
bridge  equally  durable.  Guided  by  that  thought,  I  take  as  the  basis 
for  my  reasoning  the  observed  facts  mentioned  in' my  article. 

Tf  T  understand  you  correctly,  you  ask  me  whether  I  have  myself 
observed  the  facts,  and  whether  they  have  been  published  or  are  avail- 
able? I  am  surprised  at  the  question.  The  difference  in  factors  of 
safety  for  dead  load  and  for  shock  is  so  generally  known  as  to  require 
no  discussion  (see  Kent's  Pocket  Book,  p.  353.  or  Mechanical  Engineers' 
Handbook,  p.  390,  and  others). 

As  regards  rails,  it  is  my  opinion  that  the  factor  of  safety  should 
be  much  higher  than  9.  It  should  be  as  high  as  in  locomotive  axles, 
where  it  runs  between  15  and  20.  The  highest  fiber  stress  in  the  130-lb. 
rail  of  the  Pennsylvania  Railroad  under  a  driver-wheel  load  of  35,000  lbs. 
(quiescent  and  considered  as  a  simple  beam  on  two  supports)  is  not 
over  10,000.  Two  kinds  of  steel  have  been  tried — a  high  carbon  with 
90,000  to  100.000  and  a  lower  carbon  with  75.000  to  85,000.  The  fractures 
in  the  low  carbon  are  several  times  as  numerous  as  in  the  high  carbon 
steel  under  the  same  wheel  loads  and  same  heavy  traffic.  Fractures 
would  probably  not  occur  at  all  with  the  same  quality  of  steel,  if  that 
rail  were  made,  say,  a  200-lb.  section  with  a  fiber  stress  of  5,000 
< quiescent). 
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If  the  rails  on  a  steel  bridge  were,  for  instance,  clamped  and  fas- 
tened directly  to  the  top  of  stringers  (an  obsolete  construction,  long  out 
of  use,  which  I  observed  in  Switzerland  45  years  ago,  and  which  gave 
constant  trouble  with  rivets  getting  loose  throughout  the  bridge  frame), 
then  the  initial  factor  of  safety  for  shock  on  such  a  construction  would 
have  to  be  much  higher  than  9,  in  my  method  of  deduction. 

But  inasmuch  as  the  wooden  ties  greatly  diminish  and  cushion  the 
force  of  the  blows  delivered  upon  the  rails  vertically  and  horizontally, 
I  consider  that  a  factor  of  safety  of  9  for  shock  of  both  kinds  in  the 
steel  immediately  below  the  tie  is  amply  safe  enough  to  start  with  in  my 
deductions. 

You  seem  to  have  great  confidence  in  measurements  with  extensome- 
ters  and  deflectors  on  bridges  under  passing  loads.  I  do  not  share  it, 
for  the  reasons  stated  on  page  2  of  my  enclosed  article.  The  sharp, 
vicious  side  blows  and  shocks  on  the  rails  and  bridge  frame  are  not  thus 
recordable  at  all.  Of  course,  you  will  get  some  vertical  values,  varying 
up  and  down  with  length  of  span  from  which,  when  plotted,  some  rule 
or  curve  may  be  formulated.  If  such  curve  should  happen  to  coincide 
with  the  values  deduced  from  my  formula  for  same  conditions,  it  would 
be  a  proof  of  correctness  of  the  Empirical  formula.  At  present,  I  believe 
that  authentic  experience  with  the  durability  of  steel  under  shock  and 
vibration  is  the  safest  guidance  in  the  deduction  of  a  rule  for  properly 
proportioning  steel  members. 

If  an  axle,  piston-rod,  rail  or  other  member  subject  to  shock  breaks, 
make  it  stronger,  until  it  stops  breaking.  Finally  the  size  or  cross- 
section  is  obtained  which  will  not  break,  and  from  it  the  proper  factor 
of  safety  relative  to  static  stress  for  that  member  can  then  be  deduced. 
These  things  cannot  be  determined  a  priori  from  theory,  but  are  entirely 
a  matter  of  tests  and  experience. 

In  that  connection  the  experience  of  Metcalf  is  instructive  .in  the 
well-known  case,  when  he  replaced  the  piston-rod  of  a  steam  hammer 
of  soft  steel  with  one  of  hard  steel  just  to  hand.  He  ascribed  the  longer 
duration  of  the  hard  steel  rod  (of  same  cross-section)  to  its  greater 
resistance  to  vibration,  by  reason  of  its  greater  hardness,  when  in  fact 
it  was  due,  as  I  pointed  out  at  the  time,  simply  to  its  greater  strength, 
that  is,  to  the  greater  factor  of  safety.  The  steel  being  stronger  than 
the  previous  soft  steel  for  the  same  work,  lasted  longer  (see  Metallurgy 
of  Steel,  by  Prof.  H.  M.  Howe,  p.  199,  and  footnote). 

This  view  is  confirmed  by  the  further  experiments  of  Metcalf  (see 
English  work  on  Steel  by  J.  S.  Jeans,  p.  656)  with  steel  rods  subjected 
in  a  special  machine  to  1,200  alterations  of  stress  per  minute  (axial 
tension  and  compression).  Each  such  stress  may  be  considered  as  a 
shock  lasting  1/40  second,  too  short  a  time  for  measuring  its  intensity 
by  any  instrument.  It  may  be  assumed,  however,  that,  considered  as  a 
static  stress,  its  value  was  far  within  the  elastic  limit.  Yet  because  the 
time  was  too  short  for  the  molecules  to  react  elastically  to  the  stresses, 
some  of  the  rods  before  they  broke  got  red  hot  in  the  middle,  where 
the  stresses  met.  But  it  will  be  noticed  that  the  rods  which  were  twice 
as  strong  lasted  four  times  as  long.  That  is,  rods  having  double  the 
factor  of  safety  resisted  deterioration  four  times  longer.  This,  it  seems 
to  me,  is  the  important  and  significant  fact  for  the  Engineer  to  consider 
when  estimating  the  cross-sections  for  durability  in  a  structure  exposed 
to  shock,  and  that  is  the  reason  why  I  prefer  to  base  my  deductions 
for  an  impact  formula  upon  factors  of  safety  derived  from  experience 
rather  than  upon  uncertain  or  deceptive  extensometcr  or  deflectomctcr 
measurements. 
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My  impact  formula  is  as  speedy  and  simple  to  use  as  any  of  the 
Empiric  formulae.     Daily  experience  in  my  office  proves  this. 

I  enclose  a  blue-print  showing  the  curves  of  weights  of  steel  in 
plate  girders  from  10-ft.  to  125-ft.  span.  You  will  notice  that  my 
formula  requires  more  steel  until  the  125-ft.  span  is  reached.  This  is 
as  it  should  be;  plate*girder  bridges  sustain  large  horizontal  shocks, 
usually  neglected.  They  give  out  mostly  through  rivets  getting  loose, 
which  is  an  evil  impossible  of  correction  when  started.  Plate  girders 
should  always  be  of  stout  construction  and  have  strong  details,  which 
in  all  bridge  frames  should  prevailingly  be  influenced  by  the  impact 
stresses. 

My  formula  required  also  more  steel  for  truss  bridges  up  to  300-ft. 
span.  Beyond  that  limit  my  formula  shows  a  saving  of  steel  in  the 
trusses,  the  saving  increasing  with  length  of  span.  That,  also,  is  as  it 
should  be.  As  an  accompanying  advantage,  secondary  stresses  are  smaller 
with  lighter  truss  members,  retaining,  however,  details,  splices  and  con- 
nections stronger,  proportionately,  than  the  connected  members.  A 
bridge  thus  dimensioned  can  give  out  only  in  the  members  and  not  in 
the  details  or  connections,  which  is  also  as  it  should  be. 

My  formula  can  be  used  economically  with  same  basic  unit  for  the 
longest  practicable  spans,  as  well  as  for  short  spans.  The  Empirical 
formula,  with  16,000  lbs.  basic  stress,  gives  for  long  spans  trusses  dis- 
proportionately heavy,  as  compared  with  floor  system.  If  an  extra 
strong  bridge  is  wanted,  it  is  more  rational  to  assume  a  big  live  load 
with  a  high  stress  than  a  low  unit  stress  along  with  a  smaller  live  load. 

My  formula  gives  larger  impact  values  for  higher  steels,  and  lower 
values  for  cast-iron,  wooden  and  masonry  bridges,  and  it  automatically 
makes  allowance  for  heavy  stone-ballasted  floors,  such  as  are  coming 
to  be  more  generally  used.  The  Empirical  formula  makes  no  such  allow- 
ances. A  different  formula  would  have  to  be  gotten  up  for  each  of 
these  classes  of  bridges. 

A  deduced  formula  can  be  readily  modified  for  any  given  load  con- 
ditions, because  the  elements  for  which  it  is  deduced  are  known.  If 
the  locomotives  get  longer,  or  electric  traction  replaces  steam  traction, 
or  highway  traffic  is  combined  with  railroad  traffic,  for  each  case  a 
suitahle  impact  formula  can  be  deduced,  while  Empirical  formulae  for 
such  cases  would  have  to  be  devised  on  new  guesses.  The  deduced 
formula  is  also  readily  adapted  to  the  metric  system.  My  formula 
proved  itself  to  be  a  great  convenience,  and  very  simple,  in  all  bridge 
computations  in  my  office,  and  especially  so  in  comparisons  as  to  economy 
of  one  bridge  system  to  another  in  different  materials,  all  on  the  same 
basic  conditions.  That  cannot  be  done  satisfactorily  with  Empirical 
formulae. 

Your  formula  will  give  lighter  trusses  for  the  longer  spans  than 
the  Schneider  formula,  but  for  my  work.  I  find  my  formula  preferable 
for  tlie  reasons  stated.  Yours  truly, 

(Signed)     G.    Lindf.nthat. 

Madison,  Wis.,  May  4,  1917. 
Mr.  Gustav  Lindenthal. 

I  bnsultihg  Engineer, 

68  William   Street;   New   York   City. 
Dear   Sir: — 

Your  letter  of  April  17  received,  and  contents  read  with  much  inter- 
est.  I  thank  you  very  much  for  your  comments  and  criticisms.  I  did  not 
intend  to  intimate  that  no  experiments  or  experience  had  been  had  with 
respect  to  such  conditions  of  load  as  you  mention  on  the  first  page  of 
your   letter.     I    fully   appreciate   that   for  machinery,   car   ax-ies,   and  the 
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like,  subjected  not  only  to  shock,  but  to  rapidly  reversing  stresses,  a  high 
factor  of  safety  is  required,  and  I  would  not  pretend  to  dispute  what 
you  say  on  this  point.  When  it  comes  to  main  truss  members  of  bridge 
spans  and  flanges  of  long  plate  girders,  I  think  the  case  is  entirely 
different.  1  do  not  think  tbat  the  two  conditions  are  at  all  comparable, 
and  that  it  is  impracticable  to  draw  satisfactory  conclusions  relative  to 
such  bridge  members  from  the  tests  on  shock  to  which  you  refer.  My 
inquiry  concerning  tests  and  observations  had  reference  to  the  case  of  the 
bridge  structure,  rather  than  to  the  other. 

I  believe  that  the  live-load  stresses  in  bridge  members,  such  as 
above  indicated,  are  not  only  very  much  less  than  in  the  members  sub- 
jected to  blows  and  shocks,  such  as  you  mention,  hut  have  entirely 
different  "quality."  I  do  not  believe  the  word  "shock"  is  really  a  prop- 
erly descriptive  word  for  main  truss  members  of  bridges  of  considerable 
span  length.  The  behavior  of  such  members  is  entirely  different  from 
such  members  as  rails  and  stringers  placed  closely  under  the  rail,  and 
such  variation  of  stress  as  they  are  subjected  to  are  relatively  slow. 
They  act  more  like  slowly  moving  springs  in  which  stresses  can  be 
readily  measured. 

In  all  of  our  work  I  have  observed  nothing  in  the  way  of  a  blow 
or  shock  occurring  on  the  main  truss  members  and  flanges  of  long 
girders.  When  the  structure  is  vibrating,  the  stresses  in  these  members 
do,  of  course,  vary,  but  this  variation  is  relatively  slow — not  more  than 
three  or  four  vibrations  per  second,  and  wholly  different  in  effect  from 
the  rapidly  alternating  stresses  in  the  tests  mentioned  in  your  letter.  I 
think  all  members  of  the  Committee  who.  have  carefully  observed  the 
tests  in  the  field  would  concur  in  this  opinion. 

You  mention  the  question  of  side  blows  and  shocks.  These,  of 
course,  do  occur,  but  as  a  "blow"  or  "shock,"  the  effect  is  hardly  carried 
into  the  main  truss  members.  The  chord  members  feel  the  effect  of  these 
side  blows  only  as  the  entire^  truss  is  deflected  laterally.  These  deflec- 
tions have  been  measured,  and  stresses  produced  thereby  are  indicated 
by  extensometers  in  exactly  the  same  manner  as  stresses  due  to  vertical 
loads.  As  a  matter  of  fact,  lateral  vibrations  of  the  structure  are 
generally  less  rapid  than  vertical  vibrations,  as  the  structure  is  more 
flexible  in  a  lateral  direction. 

Coming  to  the  question  of  actual  figures,  I  understand  that  your 
formula  starts  with  an  impact  of  practically  200  per  cent,  for  very  short 
spans  (speaking  in  terms  of  percentage  of  static  live-load  stress).  As- 
suming two  locomotives  heading  a  train  of  Cooper's  class,  E-60,  the 
impact  percentages  from  your  formula  would  figure  out  approximately 
160  per  cent,  for  100- ft.  span,  115  per  cent,  for  200- ft.  span,  and  about 
60  per  cent,  for  300-ft.  span.  Considering  a  100-ft.  span  plate  girder. 
I  am  entirely  convinced  that  160  per  cent,  of  the  static  live-load  stress 
is  very  much  greater  than  would  represent  the  actual  facts.  Assuming, 
for  the  sake  of  argument  that  200  per  cent,  impact  is  correct  for  a 
very  short  span  stringer,  for  example,  it  seems  to  me,  from  all  observa- 
tions I  have  been  able  to  make,  that  the  difference  in  behavior  of  the 
very  short  span  and  the  100-ft.  span  is  very  much  greater  than  is  repre- 
sented by  the  difference  between  200  per  cent,  and  160  per  cent.  The 
flanges  of  a  100-ft.  span  plate  girder,  particularly  in  case  of  a  through 
girder,  with  ballast  floor,  cannot  possibly  be  subjected  to  any  great  shock. 
The  entire  structure  will  be  set  into  vibration,  if  a  synchronous  effect 
is  produced  by  locomotive  drivers,  and  this  synchronous  effect  will  not 
differ  greatly  whether  the  ballast  is  present  or  not.  The  relatively  slow 
vibrations  set  up  by  this  synchcronous  effect  can  hardly  be  described  as 
"shock."  They  produce  stresses  which  arc  very  easily  measured.  It  has 
been  our  experience  that   the  effect  of  ballast  floors  is  very  considerable 
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on-  stringers  and  floor  beams,  and  shows  up  very  decidedly  in  the  char- 
acter of  vibrations  produced.  The  shock  and  jarring  present  in  the 
ordinary  stringer,  especially  if  placed  directly  under  the  rail,  is  almost 
wholly  absent  and  the  resulting  curves  are  about  as  smooth  and  steady 
as  in  main  truss  members.  The  effect  of  ballast  is,  however,  not  great 
on  main  truss  members,  as  these  are  quite  free  from  shock  excepting  as 
this  term  might  be  used  to  indicate  the  vibration  of  the  entire  structure. 
Ballast  floors  do  not  prevent  such  vibration.  • 

In  this  connection,  I  note  that  you  state  that  your  formula  readily 
•takes  account  of  the  influence  of  ballast  floors.  The  only  way  in  which 
this  is  done  is  by  the  indirect  effect  of  increased  dead  weight.  Such 
effect  in  your  formula  would  be  practically  nil  for  stringers  and  floor 
beams,  but  would  amount  to  something  in  the  case  of  truss  members. 
If  any  allowance  is  to  be  made  for  ballast  floors,  I  think  it  should  be 
made  in  such  members  as  stringers  and  floor  beams,  rather  than  in  main 
truss   members. 

I  fully  agree  with  you  that  future  increase  in  load  should  not  be  pro- 
vided for  by  using  low  unit  stresses,  but  by  assuming  a  live  load  which,  it 
is  expected,  may,  at  some  future  time,  be  in  use.  Neither  do  I  think  that 
such  extra  strength  should  be  provided  for  in  the  impact  formula. 

As  stated  in  my  previous  letter,  the  Committee  does  not  claim  any 
great  accuracy  in  its  tests  for  spans  of  25  feet  or  less.  For  such  spans,  it 
has  been  willing  to  accept  established  practice  of  approximately  100  per 
cent,  impact.  Considering  the  overload  to  which  many  railroad  structures 
have  been  subjected  before  details  have  begun  to  fail,  it  would  appear 
that  100  per  cent,  for  stringers  and  similar  members,  with  the  usual  wooden 
floor  system,  has  been  satisfactory.  Failures  in  such  structures  have  usu- 
ally occurred  in  end  details  where  heavy  secondary  stresses  have  existed 
without  being  fully  recognized  and  provided   for. 

However,   the    Sub-Committee    has   been    principally    concerned    with 
the  subject  of  impact  percentages  for  girders  and  main  members  of  trusses 
for   spans  of  50   feet   upwards,   and   believes   that  its   tests  and  observa- 
tions   are    valuable    and    significant    with    respect    to    such    structures. 
Yours  very  truly, 

(Signed)     F.  E.  Turnraurk.. 


May  14,  1917. 
Prof.  F.  E.  Turneaure, 

Dean,  University  of  Wisconsin, 
Madison,  Wis. 
Dear  Sir: 

I  have  received  your  letter  of  May  4th.  My  reference  in  my  last 
letter  to  certain  tests  was  intended  to  indicate  that  deterioration  of  steel 
when  subjected  to  dynamic  stresses  is  postponed  if  not  prevented  by  a 
large  enough  factor  of  safety,  which  must  he  derived  from  experience 

You  believe  that  the  dynamic  stresses  in  main  truss  members  ami 
Ranges  of  long  girders  cannot  be  compared  with  those  in  axles,  etc.  I 
don'l  sec  why.  The  stresses  are  of  course  not  of  the  same  intensity  bill 
they   are  of   similar  nature  and  effect. 

An  incident  which  1  once  witnessed  may  illustrate  my  meaning  \ 
4  inch  rusty  screw  plug  in  a  hydrant  was  so  tight  that  it  could  not  be 
loosened  by  a  wrench  with  a  lever  3  ft.  long.  A  pull  by  two  men  with 
block  and  tackle  fastened  to  the  end  Of  the  iron  lever  had  only  tin 
effect  of  bending  it.  One  of  the  men  was  left  to  pull  the  rope  with  all 
his    strength    while    the    othei     man     repeated!)     tapped    the    lever    with    a 

3  lb    hammer  about  6  inches   from  the   fulcrum.      \i't<  r  about   ten  sharp 
trokei   the  levei  commenced  to  move,  very  slowly  at  fn-i  and  finalh  the 
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screw  plug  was  loosened.  The  same  result  would  be  obtained  if  the  man 
had  used  a  heavy  wooden  mallet;  or  if  he  had  used  a  wooden  block 
between  hammer  and  the  bar,  striking  the  block  with  the  hammer  (the 
wooden  tie  between  rail  and  girder).  The  only  difference  would  be  that 
it  would  require  several  times  as  many  blows  in  that  way. 

What  I  want  to  point  out  is  that  we  have  here  the  recordable  slow 
statical  fiber  stress  from  the  pull  on  the  lever,  combined  with  the  shock 
from  the  hammer,  the  fiber  stress  of  which  may  also  be  recorded  to  some 
extent.  But  will  it  record  the  actual  stress  (static  plus  shock)  in  the 
lever?  I  doubt  it.  Will  that  recorded  stress  be  less  or  more  than  the 
slow  statical  stress  produced  by  two  men  pulling  the  tackle  hard  enough 
to  bend  the  lever?  It  will  probably  be  much  less  and  yet  its  repetition 
produces  a  result  different  from  that  of  bending  the  lever.  That  result 
is  molecular  disintegration  at  the  weakest  spot,  which  is  in  this  case  the 
corroded  screw  thread. 

The  weak  spots  in  bridges  are  most  liable  to  occur  at  the  connec- 
tions where  the  stresses  are  first  concentrated,  then  divided  up  among 
the  members.  The  shock  will  find  the  weak  places  and  do  its  work  there, 
or  it  may  travel  on,  getting  weaker  on  the  trip  by  reason  of  the  con- 
tinuous elastic  resistance  of  the  metal  before  reaching  the  resting  place 
on  the  abutment.  You  claim  these  stresses  and  accompanying  vibrations 
are  of  a  different  quality  from  shock.  Yet  shock  is  their  father.  Without 
shock  they  would  not  occur.  Vibration  is  only  a  manifestation  of  shock 
after  it  has  done  its  work  of  deterioration.  Of  course  the  time  element 
of  the  spring,  which  you  mention,  comes  into  play  to  lessen  the  effect  on 
long  distance  members.  Without  shock  a  highly  stressed  girder  under  a 
quiescent  load  including  its  own  will  never  develop  loose  rivets  although 
they  may  be  overstressed.  But  in  such  girders  loose  rivets  will  occur 
under  much  smaller  loads  when  accompanied  by  shock.  All  this  is  mat- 
ter of  common  knowledge. 

What  is  shock  anyway?  We  may  say  that  it  is  an  instantaneous 
force  acting  upon  matter.  But  theoretically  it  can  be  instantaneous  only 
when  the  matter  acted  upon  is  inelastic.  As  such  material  does  not 
exist,  all  material  being  elastic,  any  force  must  act  longer  than  an 
instant.  We  recognize  its  effect  as  energy  doing  work  and  not  as  stress. 
The  deduction  of  dynamic  stress  by  the  kinetic  theory  is  thus  not  veri- 
fiable and  of  no  practical  value. 

The  experiments  of  Wohler,  Baushinger,  Benjamin  Baker  and  others 
were  not  with  dynamic  stresses  but  with  rapid  repetitions  of  static 
stresses  kept  strictly  within  predetermined  limits,  sometimes  the  repeti- 
tions being  so  rapid,  as  in  the  Metcalf  tests,  as  to  exceed  the  velocity  of 
stress  transference  in  steel. 

If  static  stresses  kept  within  prescribed  limits  can  deteriorate  iron 
depending  upon  their  range,  number  and  rapidity  of  repetitions,  dynamic 
stresses,  whose  range  is  not  recordable  but  whose  intensity  very  likely 
greatly  and  frequently  exceeds  the  recordable  static  stresses,  will  do  so. 
The  only  safe  conclusion  that  we  can  draw  is  that  the  larger  the  cross- 
section  the  smaller  the  deterioration  will  be.  As  to  any  rule  for  it  we 
must  depend  upon  experience. 

The  physicist  has  no  more  accurate  data  upon  molecular  deteriora- 
tion, theoretical  or  experimental,  than  those  already  known.  The  En- 
gineer steps  in  and  from  his  experience  devises  a  rule  that  will  cover  the 
case  in  bridges  until  something  more  definite  may  be  found.  You  have 
one  rule;  Waddell  has  another;  Seaman  and  others  have  theirs.  So 
have  also  Prof.  Melan  and  others  abroad.  I  have  corresponded  on 
this  matter  with  Professor  Mehrtens,  who  died  a  few  months  ago,  and 
with  Professor  Melan,  who  published  an  article  upon  my  rule,  but  which 
I   did   not   receive  because  of   the   war.      Dr.   Zimmerman   discussed   with 


DISCUSSION.  1207 

mc  his  investigations  20  years  ago,  before  they  were  published.  I  always 
considered  his  deductions  as  giving  values  too  small  for  the  rough  work 
on  railroads,  particularly  when  whole  trains  are  made  up  of  dead  loco- 
motives in  times  of  war  emergencies. 

With  your  impact  formula  the  unit  stresses  for  dead  and  live  load 
without  impact  vary  from  9000  in  short  stringers  to  15,500  in  truss  mem- 
bers of  long  spans.  With  my  impact  formula  the  corresponding  figures 
arc  70C0  and  19,500.  I  consider  20,000  all  sufficient  for  dead  load  and 
for  the  basic  unit  stress,  against  your  16,000  which  appears  to  me  waste- 
ful. In  my  short  spans  the  violent  stresses  meet  more  metal  than  in 
yours  to  resist  them.  In  spans  of  about  200  ft.  the  cross-sections  with 
your  formula  and  with  mine  will  not  vary  much.  In  my  long  span  trusses 
the  live  load  stresses  meet  sufficient  metal  to  make  them  equally  durable 
with  the  steel  in  the  floor. 

As  regards  ballast  floors,  which  weigh  about  1000  lbs.  more  per  lin. 
ft.  than  the  open  tie  floor,  my  formula  shows  a  decided  comparative 
saving  in  steel,  other  things  being  equal. 

It  will  not  be  long  before  stone  ballasted  floors  on  bridges  will  cost 
less  than  the  open  tie  floor,  with  wooden  ties  of  the  necessary  large 
section  getting  more  expensive  all  the  time.  In  that  case  my  impact 
formula  shows  the  decided  saving  of  metal  in  truss  members  which  is 
justified  by  reason  of  smaller  impact  stresses  from  such  floors. 

It  is  interesting  to  compare  strain  sheets  based  upon  my  impact 
formula  with  other  strain  sheets  for  the  same  designs  and  to  observe 
where  the  differences  occur. 

I  have  examined  in  the  course  of  time  many  iron  bridges.  I  have 
found  very  few  that  failed  in  truss  members  between  connections.  But 
many  that  were  unsafe  by  reason  of  bad  and  overstrained  details;  floors 
always  giving  out  first.  They  get  the  knocks  and  maximum  stresses 
every  time  a  locomotive  passes,  whereas  the  trusses  may  not  get  the 
maximum  stresses  and  the  greatly  reduced  shocks  more  than  a  few  times 
a  year.  Therefore  I  consider  the  range  in  unit  stress  from  7000  to 
19,500  as  better  adapted  for  insuring  equal  durability  in  all  parts  than 
your  corresponding  range  of  unit  stress  from  9000  to  15,500. 

I  prefer  my  deduced  rule  as  being  rational,  simple,  and  giving  re- 
sults entirely  justified  by  observations,  safe  and  truly  economical.  I 
consider  the  top-heavy,  violently  swaying  tender  upon  badly  mated  wheels 
at  fast  speeds  as  bad  for  the  bridge  as  the  locomotive  with  counter- 
weighted  drivers ;  200  per  cent,  for  bad  behavior  for  their  whole  length 
is  not  too  much.  Great  speed  on  a  poor  bridge  track  plays  havoc  with 
impact  formulae.  Locomotives  are  getting  longer  and  heavier.  Some  of 
them  already  over  100  ft.  long  with  18  driving  axles  (as  on  the  Virginian 
l\.  R.).  I  advise  my  clients  to  build  their  bridges  strong  and  heavy 
enough.  Some  of  them  are  replacing  already  the  fourth  generation  of 
girders.  When  it  comes  to  long  spans,  with  two  and  more  track-,  or 
to  important  highway  bridges  of  very  long  spans,  much  money  can  be 
wasted  by  bad  design  and  poor  judgment,  so  that  an  inferior  bridge 
may  cost  very  much  more  than  a  good  strong  bridge.  But  this  is  almost 
commonplace  to  Bridge  Engineers. 

Yours  very  truly, 

(Signed)     G.   T.indenthai.. 
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IMPACT  FORMULA. 

By  G.  Lindenthal. 
(Synopsis   from  the  article   in  Engineering  News,  August  1,   1912.) 

The  causes  which  produce  dynamic  stresses  on  railroad  bridges,  al- 
though long  known,  are  too  complex,  numerous  and  variable  for  accurate 
determination. 

Anyone  that  ever  rode  on  a  locomotive  is  aware  that  the  concus- 
sions and  vibrations  of  the  machine  at  high  speeds  arc  exceedingly  vio- 
lent. Driving-wheels  can  be  balanced  but  for  one  speed,  usually  a  me- 
dium speed.  The  wheel  pressures  from  a  locomotive  standing  still  have 
no  resemblance  to  the  wheel  pressures  at  high  speed;  these  latter  may 
vary  from  minus  50  per  cent,  at  one  end  to  plus  200  per  cent,  simul- 
taneously at  the  other  end  of  the  driving  axle. 

The  tremors  of  the  locomotive  are  transmitted  to  the  track,  which 
receives  vertical  blows  as  well  as  lateral  ones.  Poor  rail  joints  further 
increase  the  swaying  motion  of  the  ponderous  machine,  which  at  the 
high  speed  of  our  limited  expresses  is  thus  leaping  rather  than  smoothly 
rolling.  The  tender  immediately  connected  with  the  locomotive  receives 
from  it  a  share  of  the  concussions  and  of  the  lateral  motion,  called 
nosing.  On  long  bridges  the  effect  of  the  shocks  from  locomotive  and 
tender  is  supplemented  by  the  shocks  of  the  cars  from  flat  wheels,  axle? 
out  of  square,  etc. 

The  strains  from  all  these  causes  defy  analysis.  In  a  general  way  we 
know  that  on  short  spans  and  light  bridges  the  dynamic  effects  are  large, 
and  that  in  long  spans  or  on  heavy  bridges  they  are  much  smaller. 

All  rules  in  use  for  impact  are  empirical.  Some  of  them  give,  for  the 
usual  structural  steel,  the  usual  open  floor,  and  for  ordinary  spans  (up 
to  200  ft.),  values  fairly  in  agrcment  with  observed  effects;  but  they  do 
not  fit  other  conditions.  Some  other  rules,  which  pretend  to  a  scientific 
basis,  have  less  merit.  Such,  for  instance,  is  the  rule  of  doubling  the 
live  load  stress  (i.  e.,  adding  100  per  cent,  in  all  cases),  or  what  is  the 
same  thing,  making  the  unit  stress  for  live  load  equal  to  half  the  unit 
stress  for  dead  load,  on  the  theory  that  a  load  suddenly  applied  will 
cause  momentarily  double  the  static  stress  of  the  same  load  gradually 
applied  (within  the  elastic  limit).  This  law  is  true  only  when  the  sudden 
loading  is  applied  without  shock  or  concussion— an  essential  condition 
which,  however,  does  not  occur  outside  of  a  laboratory.  All  railroad 
loads  are  accompanied  by  more  or  less  shock,  concussions  and  vibration* 
even  at  slow  speeds.  Static  stress  may  be  relatively  small  and  accom- 
panying shock  large,  or  the  reverse.  In  any  event,  if  the  known  strcs* 
plus  (unknown)  shock,  strain  the  metal  below  its  elastic  limit,  it  will  be 
safe;  if  beyond  the  elastic  limit,  then  the  metal  will  break  from  frequent 
repetitions  in  course  of  time. 

It  can  be  assumed  that  the  intensity  of  these  shocks  increases  as  the 
square  of  the  speed  of  the  trains. 

To  harmonize  the  misapplied  theory  of  sudden  load  with  observed 
facts,  it  was  found  necessary  to  use  different  unit-stresses  for  different 
members  in  the  same  bridge — one  for  the  stringers,  another  for  the  floor 
beams,  another  for  web  members,  another  for  chords,  etc.  Sometimes 
6  to  10  different  axial  unit-stresses  (for  tension,  reduced  for  compres- 
sion) are  thus  used  in  the  same  design.  This  variety  requires  a  cor- 
responding variety  in  the  unit-stresses  for  shear,  bearing,  bending,  etc., 
resulting  in  very  cumbersome,  confusing  and  rather  imaginary  strain 
sheet*. 

(  Mliri  impact  formulas  use  a  single  basic  unit-stress  and  assume  a 
live  load  addition  varying  in  some  inverse  ratio  with  loaded  length  of 
span,  from  an  upper  limiting  value  of  80  to  125  per  cent,  addition. 
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Attempts  have  also  been  made  to  deduce  formulas  from  measure- 
ment of  strains  in  existing  bridges,  but  witb  puzzling  results.  Pri- 
mary and  secondary  strains  from  live  loads  are  often  of  opposite  sign 
and  cannot  very  well  be  separated  in  such  measurements;  besides, 
it  is  a  mooted  question  whether  the  momentary  strains  from  shock 
can  be  accurately  measured  at  all  with  any  instrument  so  far  in- 
vented. 

For  one  reason  or  other  the  various  formulas  in  use  appeared 
unsuitable  for  the  variety  of  structures  to  be  designed.  A  new  form- 
ula was  therefore  evolved  by  the  writer,  which  gives  for  all  cases 
values  as  close  to  truth,  it  is  believed,  as  can  be  obtained  with  ele- 
ments so  undefinable. 

DERIVATION   OF   NEW    IMPACT   FORMULA. 

The  reasoning  is  based  upon  the  factor  of  safety  required  to  meet 
shock  and  starts  from  the  well-known  fact  that  good  iron  and  steel 
(when  the  dead-load  stresses  in  them  are  so  small  as  to  be  negligible) 
will  safely  and  permanently  endure  the  stresses  from  external  forces 
accompanied  by  the  usual  shocks,  concussions  and  vibrations  of  mov- 
ing masses,  when  dimensioned  with  a  factor  of  safety  of  9  to  10  for 
the  statical  stress.  If  designed  with  a  much  smaller  margin  of  safety 
such  parts  break  sooner  or  later.  Experience  has  determined  that 
fact  with  shafts,  car  and  locomotive  axles,  connecting  rods,  gear 
wheels,  machinery  parts  of  all  kinds,  rails,  etc.,  all  exposed  to  shock. 

We  have  also  the  other  fact  that  for  quiescent  stresses,  as  from 
dead-load,  a  unit-stress  of  one-third  of  the  ultimate  strength  (factor 
of  safety  of  3)  or  two-thirds  of  the  elastic  limit  of  the  steel,  is  ab- 
solutely safe. 

(The  terms  "stress,"  i.  e.,  the  force  exerted  in  a  body,  and  "strain," 
i.  e.,  the  change  of  form  under  stress,  are  in  this  article  used  inter- 
changeably. The  distinctions  made  by  physicists  may  not  always  be 
observed  by  engineers.) 

For  members  subjected  to  stresses  from  both  dead-load  and  live- 
load,  the  safe  unit-stress  will  therefore  be  somewhere  between  one- 
third  and  one-ninth  of  the  ultimate  strength.  As  it  is  desired  to  use 
one-third  of  the  ultimate  as  the  basic  stress  throughout,  it  follows 
that  the  addition  for  the  dynamic  increment  (I  in  the  formula  for 
total  stress,  S=D4-L+I)  will  vary  from  200  per  cent,  for  members 
having  only  live-load  stress,  to  zero  for  members  having  no  live-load 
stress. 

For  any  case  in  which  dead  and  live-load  stresses  occur  together 
the  increment  will  depend  upon  and  be  modified  by  two  principal 
conditions. 

First  Condition. 

The  intensity  of  the  impact  depends  upon  the  masses  (or  weights) 
uf  the  locomotives  (including  tenders)  and  the  cars. 

The  real  troublemakers  for  tracks  and  bridges  arc  (as  started  "before  | 
the  locomotives;  the  tup-heavy  swaying  tenders  are  only  little  less 
injurious.  For  the  locomotives  and  tenders  an  addition  of  average 
200  per  cent,  to  the  static  stress  will  bring  the  strains  from  them 
within  the  indicated  factor  of  safety  of  9.  This  is  the  same  thing 
as  taking  three  times   the  quiescent  statical  load. 

The  shock  from  the  cars  is  less.  They  roll  comparatively  smoothly 
behind  the  locomotives,  except  for  occasional  flat  wheels  and  pooi 
rail-joins.  To  account  for  the  latter  an  addition  of  100  per  cent  i- 
ample.  Rut  with  rails  3.3  ft.  long,  and  with  the  heaviest  cars  having 
FOUI    axles    in    about    the    same    length,    only   everv    fourth    axle    m  . 
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assumed  a>  delivering  simultaneously  that  1(X)  per  cent,  impact  at  the 
rail  joints.  Therefore  25  per  cent,  of  the  car-loading  per  linear  foot 
may  be  taken  as  an  ample  provision  for  impact  from  cars. 

If  Q  is  the  weight  of  locomotives  and  tenders,  q  the  weight  of  the 
car-loading  per  linear  unit  of  track,  and  a  the  length  of  train  behind 
the  tender,  then  the  intensity  of  impact  may  be  expressed  as  a 
stress  P. 

200%  Q  +  25%  q  a  8  Q  +     q  a 

P  =  L =L  (1) 

Q  +  qa  4Q  +  4qa 

Second  Condition. 

The  effect  of  the  impact  as  distinguished  from  its  intensity,  is  also 
a  factor.  The  intensity  may  be  said  to  exist  at  the  beginning  of  the 
shock,  the  effect  at  the  end  of  it. 

Opposed  to  the  shock  (accompanying  the  statical  stress  from 
live-load)  is  the  elastic  resistance  of  the  entire  cross-section  of  the 
member,  which  is  always  proportioned  at  least  for  both  dead  and 
live-load  (4+L).  The  elastic  resistance  has  a  retarding  or  braking 
effect  upon  shock.  Its  momentum  is  converted  into  the  work  of  mo- 
mentary elastic  changes  in  the  form  or  length  of  the  members,  mani- 
festing itself  by  vibration.  Although  the  forces  act  in  an  immeasur- 
ably short  time  and  through  an  insensibly  short  distance,  and  can- 
not be  accurately  known,  it  is  obvious  that  the  elastic  resistance  to 
shock  increases  with  the  mass  or  in  this  case  with  the  cross-section 
impinged  upon,  and  that  it  decreases  the  intensity  of  the  shock  pro- 
vided the  strains  are  within  the  elastic  limit  of  the  material.  It  is 
impossible  to  equate  dynamic  work,  were  it  known  as  to  amount, 
with  statical  forces  (as  the  energy  of  shock  opposed  by  elastic  re- 
tardation) in  terms  of  stress,  which  alone  could  be  used  for  dimen- 
sioning. But  approximately  we  can  say  that  the  reduction  of  the  im- 
pact will  be  proportional  to  the  cross-section  of  the  member  and  can 
be  expressed  by  the  relation, 

(2) 

D  +  L 

in  which  L  represents  the  live-load  stress  plus  any  effect  of  sudden 
loading  and  shock,  and  D  +  L  represents  the  cross-section  of  the 
member.     This  term  is  already  in  use  in  impact  formulas. 

CONCURRENT   LIVE-LOAD    EFFECTS. 

It  should  be  kept  in  view  that  strain  from  moving  load  or  live-load 
does  not  resemble  the  quiescent  strain  from  dead-load.  Live-load 
strain  is  restless,  oscillating  up  and  down  from  its  static  value.  Dur- 
ing each  oscillation  it  is  subject  to  acceleration  by  gravity,  reaches 
a  maximum,  and  is  then  decreasing  through  retardation  from  the  elas- 
tic resistance  of  the  material;  and  so  on  until  the  oscillations  die  out. 

The  effect  of  shock  is  different.  When  its  intensity  is  largest  (in 
the  beginning),  the  strain  from  it  is  zero;  but  as  soon  as  its  intensity 
produces  strain,  it  instantly  decreases  in   intensity. 

These  two  strain  effects,  one  alternately  growing  and  decreasing 
through  oscillation  and  retardation,  the  other  instantaneous  but  re- 
duced by  retardation — are  concurrent  and  inseparably  comingled, 
which  makes  it  further  impossible  to  ever  determine  with  any  accu- 
racy their  relative  strain  values. 

The  value  P  of  equation  (1)  can  from  experience  bo  safely  as- 
sumed  to   cover   within    the   limits   of   P=2L  both   effects,  just   as  the 
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retarding  force  acting  upon   P  can   be  assumed   to  be  approximately 
proportional  to 

L 


D  +  L 

The  cushioning  effect  of  stone  ballast  or  other  heavy  floor,  for  in- 
stance, is  thus  allowed  for  in  that  the  dead-load  stress  D  will  then  be 
larger,  and  thus  the  retarding  force  greater,  and  the  impact  smaller. 

Combining  the  two  relations  (1)  and  (2)  we  obtain  the  true  in- 
crement 

L  L  8Q  +     qa 

I«= XP  = X  L 

L+D  L  +  D        4Q  +  4qa 

L2  8Q  +     qa 

= X    (3) 

L  +  D  4Q_(-4qa 

which  is   the  general  form   for  railroad  bridges,  capable  of  use  with 
either  English  or  metric  measures. 

Substituting  for  Q  the  weight  of  two  locomotives  and  tenders  (of 
Cooper's  E-60  loading)  =  2  X  426,000  =  952,000,  and  for  q  its  correspond- 
ing value  of  6000  lbs.  we  obtain 

8  X  952,000  +  a  6000  L* 

1  = 


4  X  952,000  +  a  X  4  X  6000        L+D 
or  approximately, 

L2  1200+     a 

1= X     (4) 

D  +  L  600   +4  a 

which  is  the  formula  used  among  others  for  the  bridges  of  the  New 
York  Connecting  R.  R.  and  for  the  Sciotoville  bridge  over  the  Ohio 
River. 

The  values  obtained  from  the  formulas  (3)  and  (4)  give  the  incre- 
ment for  impact  in  percentages  of  the  static  live-load  stress  L,  and 
are  sufficiently  close  for  all  practical  purposes. 

No  one  knows,  and  probably  no  one  can  know,  whether  the  live- 
load  stress  plus  shock  occurring  under  conditions  named  is  some  mul- 
tiple of  the  static  quiescent  stress.  We  need  not  care  much  whether 
it  is  or  not,  because  the  important  and  guiding  fact  is  not  that  of  stress 
but  its  physical  effect  upon  steel  deduced  from  experience  as  regards 
its  durability  and  safety. 

In  other  words,  the  impact  formula  gives  the  factor  of  safety,  or 
margin  as  it  were,  in  terms  of  the  static  stress  from  dead  and  live- 
load  for  each  bridge  member,  as  above  shown,  to  the  end  that  all 
bridge  members,  including  the  least  frequently  and  the  most  fre- 
quently stressed,  shall  have  equal  durability. 

ADAPTABILITY   OF   NEW    IMPACT   FORMULA. 

In   the  impact  formula 
V  8Q+     aq 


X 


D+L  4  Q  +  4  a  q 

the  values  Q  and  q  ran  be  modified,  if  necessary,  to  suit  the  conditions 
"i  ■'  special  case.     Safe  and  close  enough  values  ran  always  be  ob 
tained,  using  round  figures  and  good  judgment. 
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The  weight  of  locomotives  (and  their  number)  may  be  varied  as 
needed. 

For  smooth-rolling  electrical  cars,  in  which  the  rotating  parts  re- 
quire no  counterweight,  the  value  Q  disappears  altogether  and  the 
impact  becomes  small,  as  it  should. 

For  60-ft.  rails  the  value  q  can  be  taken  smaller  than  25  per  cent. 

For  ballasted  floor  the  impact  will  be  less  than  for  open  floor,  etc. 

The  formula  can  be  readily  adjusted,  as  needed,  to  road  bridges 
with  their;  usual  concentrated  loads.  It  is  also  adaptable  to  bridges 
of  concrete  and  wood. 

On  railroads  with  more  than  one  track  it  is  assumed  as  possible 
that  the  impact  effect  from  locomotives  on  different  tracks  is  a  multi- 
ple of  the  number  of  tracks,  because  the  impact  results  mainly  from 
the  unbalanced  driving  wheels  at  high  speed,  although  the  probability 
of  high  speed  on  all  tracks  and  of  a  maximum  combined  impact  is 
-mailer  as  the  number  of  tracks  increases. 

On  the  other  hand,  there  is  no  probability  that  the  combined 
impact  from  cars  on  different  tracks  is  a  multiple  of  one  track,  be- 
cause that  would  require  that  the  blows  caused  mainly  by  flat  wheels 
and  poor  rail  joints  would  happen  simultaneously  on  all  tracks  and  at 
all  joints,  which  is  not  at  all  likely. 

Therefore,  taking  the  impact  at  200  per  cent,  of  the  locomotives 
and  tenders  on  all  tracks  and  at  25  per  cent,  of  the  cars  whether  one 
or  more  tracks  and  denoting  the  number  of  tracks  with  n,  the  second 
quotient  of  the  impact  formula  can  be  expressed  as  follows: 

qa 
8Q  +  - 

200%Qn  +  25  %  qa  n 


Qn        +         q  an         4Q  +  4qa 


a 

1200  +  — 


or  for  Cooper's  F-60  loading,  approximated  

600  + 4a 

The  Impact  Formula  for  railroad  bridges  thus  becomes: 

a 

1200 +  — 
V  n 

I 


D  +  L       600  + 4a 

This  formula  gives  reasonable  results  for  all  span  lengths  and  dif- 
ferent  numbers  of  tracks. 

ADDENDUM. 

COMPARISON    OF    RESULTS    WITH    TWO    IMPACT    FORMULAS. 

The  basic  unit  stress  of  20,000  in  the  Lindenthal  Specifications  and 
formula  is  (as  already  mentioned)  -\i  of  the  minimum  elastic  limit  or  l/$ 
of  the  minimum  ultimate  strength  of  structural  steel.  If  a  higher  steel 
be  used  the  unit   stress  would  be  correspondingly  higher. 

That  basic  stress  (20,000)  is  amply  safe  for  dead  load  and  more 
rational  than  the  16,000  used  for  the  same  steel  in  the  specifications  and 
formula  of  the  A.  R.   K.    Wn,  because  in  long  -pan-  where  the  dead  load 
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is  larger  than  the  live  load,  the  amount  of  metal  required  to  carry  the 
dead  load  becomes  unnecessarily  large. 

For  ordinary  truss  spans  the  weight  of  steel  with  the  Lindenthal 
specifications  is  about  the  same  as  with  the  American  Railway  Engineer- 
ing Association  specifications. 

The  following  results  taken  from  strain  sheets  will  illustrate  the 
working  of  the  two   formulas : 

270   FT.    SPAN. 

4  track  R.  R.  bridge,  2  riveted  trusses,  50  ft.  on  centers, 
50  ft.  high,  12  panels  22  ft.  6  in.  each,  Cooper's  E-60 
loading, 

OldA.R.E.A. 
(Schneider's) 
G.  L.  Formula.  Formula. 

Weight  per  lin.  ft.  of 
bridge — 

Stringers    2,100  2,100 

Floorbeams    .'         4,000  3,880 

Trusses    9,180  9,372 

Bracing    1,020  1,028 

Steel,  lin.  ft 16,300  16,380 

Track  2,800  2,800 

Total  d.  1., 19,100  19,180 

Total   steel 4,401,000  4,422,600 

2    SPANS    775    FT.    EACH. 

2  tracks,  2  continuous  riveted  trusses  38  ft.  9  in.  on 
centers,  20  panels  38  ft.  9  in.  each,  Cooper's  E-60  loading. 

Trusses   and  Bracing.  .23,500,000  31,800,000 
Stringers     and     Floor- 
beams  3,600,000  3,600,000 

27,100,000  35,400,000 

Per  lin.  fl.  bridge — 

Steel  17,500  22,800 

Track   1,400  1,400 

Total  d.  1.  per  1.  ft 18,900  24.200 

The  difference  in  steel  weights  with  the  old  A.  R.  I".  A.  (Schneid- 
er's) formula  and  the  new  A.  R.  E.  A.  (Turneaure)  formula  is  not 
large.  The  above  strain  sheets  were  made  before  the  new  formula  was 
known.  It  would  not  materially  affect  the  above  comparison,  which 
shows  that  while  in  the  270  ft.  span  the  steel  weights  are  practically 
ih.  same,  in  the  775  ft.  span  the  steel  with  the  Lindenthal  formula  is 
M)  per  cent,   less  than  with  the    V  R.   E.   A.   formula. 

From  which  the  conclusion  appears  justified  that  the  \  R  1-  \ 
formula  is  not  suited  for  long  spans,  while  the  Lindenthal  formula  is 
suited  alike   for  short  and   very   long  spans. 
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(For  Report,   see  pp.   583-609.) 

(Vice-President  Earl  Stimson  in  the  Chair.) 

Mr.  E.  A.  Frink  (Seaboard  Air  Line)  : — The  Board  of  Direction  as- 
signed four  subjects  to  the  Committee  for  this  year's  work,  and  as  you 
have  all  read  the  report,  I  do  not  think  it  necessary  to  read  any  of  this 
preliminary  matter. 

The  first  thing  I  will  call  your  attention  to  is  the  bottom  of  page  583, 
where  it  refers  to  the  revision  of  the  Manual  and  Appendix  A  on  page  586. 

The  Committee  recommends  four  changes  in  the  wording  of  the 
Manual.  None  of  them  are  important  and  do  not  make  any  change  in 
the  subject-matter  of  the  Manual,  but  the  first  one  simply  makes  the 
specification  of  the  Committee  on  Wooden  Bridges  and  Trestles  agree 
with  the  standard  wording  of  the  Yellow  Pine  Rules  that  we  have 
adopted. 

(Mr.   Frink  then  read  the  matter  under  Appendix   A.) 

Vice-President  Stimson : — The  handling  of  paragraph  2  is  a  function 
of  the  Committee  on  Publications,  and  will  be  taken  cognizance  of  by  that 
Committee. 

Mr.  Frink : — I  move  the  adoption  of  the  changes  recommended  by 
the  Committee. 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — Does  that  motion  cover  all  four 
sections? 

Vice-President  Stimson : — All  except  No.  2. 

Mr.  Baldridge : — In  paragraph  3,  in  which  the  Committee  propose  a 
change  of  importance  in  regard  to  inside  guard  rails,  providing  that  the 
inside  guard  rail  should  not  be  higher  or  over  one  inch  lower  than  the 
running  rail.  It  seems  to  me  that  the  provision  of  not  more  than  one 
inch  lower  than  the  running  rail  is  going  to  require  a  heavier  rail  for  an 
inside  guard  rail  than  is  necessary  in  cases  where  heavy  modern  rail, 
reaching  sometimes  six  inches  in  height,  is  used  for  running  rail. 

The  only  strength  gotten  out  of  the  inside  guard  rail  is  the  re- 
sistance of  the  spikes  holding  it  to  the  ties,  and  it  is  certainly  true  that 
65  or  70-lb.  rail  will  develop  all  the  strength  of  the  spikes  at  its  base. 

The  standard  A.S.C.E.  70-lb.  rail  is  4^  in.  high,  and  in  the  case 
of  a  100-lb.  running  rail,  the  "one-inch  lower"  provision  would  exclude 
a  rail  of  that  weight  from  being  used  as  an  inside  guard  rail,  and  a  70-lb. 
rail  is  certainly  strong  enough  to  develop  the  full  strength  of  the  spikes, 
which  is  all  that  can  be  gotten  from  an  inside  guard  rail,  and  I  suggest 
that  the  words  "or  more  than  one  inch  lower"  be  omitted,  or  that  you 
make  a  little  wider  variation  as  to  height  of  inside  guard  rails. 

Mr.  Frink  : — The  change  the  Committee  makes  completes  the  mean- 
ing of  the  clause  now  in  the  Manual  We  are  not  changing  the  pro- 
vision now  in  the  Manual,  we  are  making  it  clear  and  grammatical.  It 
now  reads  "The  inner  guard  rail  should  not  be  higher  or  over  one  inch 
lower  than  the  running  rail  " 
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Tlu-  expression  "one  inch  lowr"  dee*  not  make  good  sense,  airl 
we  want  to  make  it  something  that  is  sensible,  and  that  is  the  only  pur- 
pose of  the  change.  If  the  convention  desires  a  revision  of  the  inner 
guard  rail  specifications,  that  is  another  matter. 

Mr.  Baldridge: — If  I  am  not  mistaken,  the  present  minimum  height 
fixed  was  adopted  prior  to  the  adoption  of  our  present  heavy  rail  section, 
and  it  seems  to  me  in  view  of  the  height  of  the  heavy  rail  sections,  a 
change  should  be  made  in  the  minimum  height  permissible  for  inner  guard 
rails.  A  high  guard  rail  has  one  disadvantage,  in  that  it  is  more  likely 
to  foul  the  arch  bar  bolts  or  anything  hanging  down  over  a  track,  if  the 
truck  is  derailed,  and  it  may  prevent  the  guard  rail  from  acting  as  it 
should.  A  moderately  high  guard  rail,  4  in.,  is  high  enough  to  catch 
the  wheels,  and  a  70-lb.  rail  is  sufficiently  strong  to  develop  all  the  strength 
of  the  spikes  in  the  ties.  A  heavy  guard  rail  is  a  needless  expense.  And 
I  think  we  should  reduce  the  minimum  height  provision,  on  account  of 
the  heavier  rail  sections,  which   are  now  recommended. 

Vice-President  Stimson : — The  Committee  will  consider  that  matter 
during  the  coming  year. 

(The  motion  made  to  adopt  the  four  recommendations  was  put  to 
vote  and  carried.) 

Mr.  Frink : — The  second  subject  assigned  to  the  Committee  this  year 
was  to  report  on  Docks  and  Wharves.  The  Committee  has  done  a  good 
deal  of  work  on  this  subject  during  the  year,  perhaps  more  in  planning 
its  future  course  than  in  working  up  details.  We  are  now  planning 
various  details  of  wharf  structures  as  a  beginning,  but  are  not  prepared 
to  make  anything  but  a  progress  report  on  this  subject. 

,   The   third    subject   was   to    report    on    the    "Comparative    merits   and 
economic  features  of  ballast  deck  and  reinforced  concrete  trestles." 

You  will  probably  remember  that  this  subject  was  reported  on  very 
fully  last  year,  with  the  conclusions  that  the  Committee  had  formulated, 
and  that  all  the  conclusions  were  adopted  with  the  exception  of  one 
Therefore,  our  work  this  year  has  been  principally  on  the  one  point,  the 
conclusion  that  was  referred  back  to  the  Committee  last  year.  On  page 
587,  in  Appendix  B,  you  will  find  a  full  discussion  of  the  question  and 
the  reasons  which  led  us  to  bring  back  to  you  the  same  conclusion  we 
presented  last  year.  We  have  gone  into  the  subject  very  fully,  and 
from  the  information  we  have  gotten  and  from  the  investigation  we  have 
made,  we  cannot  see  that  we  would  be  justified  in  modifying  the  con- 
clusion as  it  was  presented  last  year.  That  conclusion  is  shown  on 
page  592.      (Mr.  Frink  read  the  conclusion.) 

I  move  that  this  conclusion  be  adopted  and  printed  in  the  Manual. 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — Mr.  Chairman  and  gen- 
tlemen of  the  Association — I  discussed  this  matter  last  year,  and  I  want 
to  say  that  it  has  been  not  so  much  a  difference  of  opinion,  but  a  mis- 
understanding on  the  part  of  the  Committee  of  the  stand  I  took  at  that 
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time.     The  conclusions  as  now  submitted  begin   at  the  bottom  of  page  591. 
I  will  vote  for  those  conclusions,  or  part  of  them. 

That  there  may  be  no  misunderstanding,  if  you  will  turn  to  page 
587,  the  Committee  says,  "The  Replacement  Method  consists  in  renewing 
a  structure  with  new  money  or  with  funds  taken  from  operating  income. 
This  method  is  in  practically  universal  use  in  this  country."  That,  I 
think,  is  a  fact.  "The  Capitalization  Method  as  used  by  the  Committee 
is  the  investment  of  a  fund  of  such  an  amount  and  in  such  manner" — 
now,  mark  this — "is  the  investment  of  a  fund  in  such  amount  and  in  such 
manner  that  the  accumulation  of  interest  thereon  will  periodically  amount 
to  a  predetermined  sum."  I  think  that  is  correct,  and  exactly  the  idea 
I  had  of  the  Capitalization  Method.  The  Committee  further  says.  "Tli- 
Sinking  Fund,  as  used  in  the  Sinking  Fund  Method  employed  by  this 
Committee,  is  a  fund  accumulated  by  equal  periodical  increments  invested 
in  such  manner  that  at  the  end  of  a  certain  cycle  the  total  will  amount  to 
a  predetermined  sum."     That  also  is  a  statement  of  fact. 

On  page  590,  about  the  middle  of  the  page,  it  says:  "The  Sinking 
Fund  Method  is  identical  with  the  Capitalization  Method,  when  interest 
rate  on  annuities  is  same  as  interest  rate  on  original  investment  cost, 
which  equality  of  interest  rate  is  logical,  desirable  and  imperative  for 
the  conservation  of  finance."  I  do  not  know  what  that  has  to  do  with 
the  problem  under  consideration,  when  you  are  figuring  to  decide  in  your 
own  mind  what  you  are  going  to  do.  The  first  statement  of  that  para- 
graph I  entirely  agree  with — the  two  methods  are  identical.  The  dif- 
ference of  opinion  was  this — it  was  my  idea  that  it  was  better  to  com- 
pare the  annual  total  expense  incurred  rather  than  the  total  capitalization 
or  total  ultimate  cost  as  was  described. 

Now,  then,  another  difference  of  opinion  is  that  the  Committee  has 
evidently  understood  that  because  I  said  in  our  company  and  in  our 
experience,  to  be  on  the  safe  side,  we  figured  the  interest  on  our  sinking 
fund  or  reserve,  or  whatever  you  call  it,  at  a  lower  rate  of  interest 
because  T  made  the  mistake,  if  it  was  one,  of  working  on  the  conservative 
side,  and  figuring  at  a  lower  rate  of  interest,  that  this  constituted  the 
Sinking  Fund  Method  and  was  therefore  a  vicious  method. 

The  Committee  then  sent  <>ut  a  circular  letter  to  all  of  the  railways 
to  find  out,  a-  they  said,  how  many  roads  use  tin-  Sinking  Fund  Method 
Thej  found  that  only  one  or  two  roads  use  the  Sinking  Fund  Method, 
and  some  other  roads  wrote  they  believed  it  was  the  proper  method  l.' 
apply. 

But  had  they  a>kcd  the  question,  how  main   roads  did  their  financing 

on   the  Capitalization    Method,    I    venture   to   sa\    that    they    would   not    have 

K"i  one  single  solitarj   positive  answei 

I  have  nevei  heard  of  any  concern    commercial,  railroad  or  any  other 

Concern      doing    business    mi    such    a    basis       I    have    shown    this    diftCUSSidn 

t"   two   or   three    pi < uninent    railroad     Auditors    and    Vice  Presidents    in 
charge  of  finance,  and  they  seemed  to  pooh  pooh  the   idea  ol   an)    com 

menial   business   hcinn   done  on    that    method. 
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Ft  you  turn  to  page  595.  Bulletin  204.  you   will  find  two  formula-,  as 

follows: 

1 

1+ 

(l  +  r)m_1 

By    Capitalization    Method,    f  = (1) 

1 
1  + 

(l  +  r)n_1 

r' 

r  + 

(l  +  r')m_1 
By    Sinking  Fund   Method,   F  = (2) 

r' 

r  + 


(l  +  r')n-l 

It  is,  further,  plain  to  he  seen,  that  when  (r)  and  (r')  are  equal  that 
these  two  formulas  will  produce  the  same  result.  This,  of  course,  is 
just  what  anyhody  would  expect — that  if  your  assumptions  are  correct  you 
will  get  the  results  that  will  lead  you  to  the  same  conclusions,  whether 
figuring  by  the  Sinking  Fund  Method,  Capitalization  Method  or  the  Ulti- 
mate Cost  Method,  but  what  I  wish  to  point  out  is  this :  That  I  thought 
it  better  to  figure  economics  by  a  method  which  is  used  in  practice  when 
financing  rather  than  by  a  method  which  has  never  yet  been  adopted  in 
practice  and  by  a  method  that,  if  you  tried  it  in  practice  and  made  a  mis- 
take in  your  assumptions,  the  errors  resulting  from  the  same  are  much 
greater  than  if  you  had  used  the  Sinking  Fund  Method.  Anyone  can 
readily  see,  looking  at  formulas  (1)  and  (2)  and  supposing  that  (r')  is 
equal  to  (r),  that  if  you  made  a  mistake  in  assuming  a  rate  of  interest 
twice  too  high,  there  being  an  (r)  in  both  numerator  and  denominator, 
the  resultant  error  will  not  be  as  great  in  formula  (2)  as  in  formula 
(1).  But  in  order  to  get  these  equations  in  tangible  form,  let  us  say 
that  "cost"  equals  the  amount  of  money  we  wish  to  raise  in  a  certain 
number  of  years  called  (n)  and  the  rate  of  interest  will  be  (r),  then, 
according  to  the  Capitalization  Method,  the  capital  we  put  aside  will 
be  represented  by  the  formula 
"Cost" 

Capital  =  (a) 

(1  +  t)«—  1 

Now,  everything  else  being  the  same,  by  the  Sinking  Fund  Method,  the 
amount  set  aside  each  year   will  be 

Cost  r 

Annual  contribution  to  Sinking  Fund  = —  (M 

(l  +  r)»-l 

Now,  it  is  plain  to  any  schoolboy  that  if  you  make  a  mistake  in  judgment 
and  figure  on  a  rate  of  interest  higher  than  what  yon  can  obtain,  after 
a  few  year-  you  might  find  yourself  in  the  position  that  you  had  not 
invested  one-half  enough  capital  to  produce  the  sum  required.  In  the 
other  method,    while  you   would   be   somewhat   short,   all   you   would   have 
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to  do  would  be  to  slightly  increase  your  annual  donation. 

If  you  will  now  turn  to  page  596,  you  will  find  at  the  bottom  of  the 
page  a  comparison,  in  which  it  states: 

"Above  values  show  the  ratio   F'  to  be   uniformly   1.115. 
"for  all  periods   considered." 
That  difference  is  easily  explained   if  you  will   read  the   line  on  top  of 
the  table  wherein   it  states  the  interest  used   on   the  first  cost   is  6  per 
cent,  and  3  per  cent,  on  Sinking  Fund.     Of  course  you  will  get  a  differ- 
ence in  any  two  methods  when  you  use  a  different  basis. 

Now,  as  far  as  the  ultimate  cost  method  is  concerned,  I  think  I  can 
point  out  the  absurdity  of  such  a  method  by  a  few  examples. 

If,  to  establish  the  Christian  Religion,  the  first  cost  was  one  dollar 
and  there  was  never  another  single  cent  expended  on  the  same,  the  ulti- 
mate cost  to-da> — 1900  years  after  its  establishment — interest  at  3  per 
cent.,  would  be  a  billion  times  2,458,550  billions  and  the  interest  for  the 
coming  year  would  be  approximately  a  billion  times  75  billion  dollars. 
As  a  matter  of  fact,  the  laws  of  most  lands  legislate  against  this  method 
and  they  will  not  allow  contracts  or  business  deals  to  be  made  in  per- 
petuity. I  am  vain  enough  and  ambitious  enough  to  make  a  name  in  the 
world,  that  if  I  could  get  any  bank  or  Government  to  take  an  investment 
at  3  per  cent,  compound  interest  (which  is  considered  pretty  low1),  I 
would  invest  a  dollar  on  the  understanding  that  the  proceeds  would  .>•? 
payable  to  my  decendants  at  the  end  of  a  thousand  years.  They  would 
have  the  neat  little  sum  to  divide  of  nearly  7,000  billion  dollars.  If  there 
was  any  doubt  in  my  mind  about  this  not  being  enough,  I  would  invest 
ten  dollars,  making  the  final  result  ten  times  as  great.  But  there  is  no 
institution  in  the  world  that  would  accept  such  a  trust. 

I  wish  to  call  your  attention  to  the  second  paragraph  on  page  589. 
That  paragraph  means  nothing.  It  simply  condemns  the  method  be- 
cause they  differ  with  me  in  a  feature  of  that  method  about  rates  of 
interest,  which  I  have  explained. 

Now  to  sum  up:  The  Committee  admits  that  if  you  will  take  the 
same  rate  of  interest,  the  results  will  be  identical;  we  all  understand  that 
it  must  be  identical. 

In  the  middle  of  page  590,  the  Committee  says  in  their  report  : 

"It    appears,    therefore,    that    the    Capitalization    Method 

"proposed  by  this  Committee  is  virtually  in   use   to-day 

"by  practically  all   roads." 

That  statement  is  not  a  statement  of  fact.    The  statement  under  the  first 

reason  is  a  statement  of  fact.     The  second  reason   is  not   a   .statement   of 

fact.     It  is  rather  ridiculous.     Ask   any   thinking   man   what  difference    the 

method   he   employs  in   financing  his  company   makes   when    figuring    wiiat 

he  proposes  to  do.    On  the  contrary,  however,  it  be  did  do  his  financing 

as  the  Committee  suggests,   then   he   would   get    into   serious   trouble   if   he 

matft    i    winiig    assumption    of   the    rate   of   interest.      The    third    reason    is 

not  a  statement   of  fact-  it   is   simply   bated   00   different    rates   ,»t    interest. 
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The  fourth  reason.  I  leave  that  subject  to  the  good  judgment  of  the 
Association.  The  fifth  reason.  I  find  no  difference  whatever  in  the 
algebraic  or  arithmetical  work;  one  method  is  about  as  easy  as  the  other. 
The  sixth  reason.  That  I  challenge.  It  is  not  the  method  of  doing 
business,  and  I  believe  there  are  just  as  many  Engineers  who  will  compare 
their  annual  cost  as  those  who  will  compare  by  the  Capitalization  or 
Ultimate  Cost  Method. 

Mr.  Frink: — It  seems  that  there  has  been  a  pretty  general  misunder- 
standing all  around  on  this  proposition.  What  this  Committee  ha*  been 
engaged  in  trying  to  do  is  to  make  a  yardstick,  to  make  a  definite 
measure  of  relative  value  of  structures,  not  to  either  create  or  desig- 
nate as  proper  a  method  of  financing  renewal-.  That  is  out  of  our 
province,  and  that  we  have  not  attempted  to  go  into.  But  in  getting 
niir  yardstick  shaped  up,  we  ran  across  these  various  methods  to  pro- 
vide for  renewals,  and  it  seemed  to  us  that  an  investigation  of  them 
and  an  explanation  of  them  to  the  convention  was  necessary  in  order  to 
understand  the  basis  of  the  conclusions  that  we  have   formulated. 

Now,  before  I  go  any  further,  1  want  to  apologize  to  the  conven- 
tion for  an  error  which  Mr.  Sullivan  has  overlooked,  and  that  is 
page  589,  the  next  paragraph  from  the  bottom.  That  statement  is  wrong. 
It  is  the  direct  ground  for  the  paragraph  marked  third,  on  page  595.  The 
Committee  did  not  discover  that  error  until  after  the  report  was  in 
print. 

I  want  to  say  that  I  never  have  gotten  into  any  investigation  or  any 
development  of  formulas,  that  was  as  shifty  and  as  blind  as  this  one.  ! 
confess  that  most  of  the  time  I  was  working  on  it — and  1  think  Mr 
Ridgway  has  had  the  same  experience — we  were  positively  afraid  10 
reach  any  conclusion  on  the  matter  until  we  had  somebody  else  check 
and  recheck  our  figures.  I  have  had  every  one  of  them  checked  and 
rechecked  before  I  would  accept  them  as  correct.  It  seems  to  me  that 
practically  the  effect  of  the  three  methods — the  Replacement  Method,  the 
Capitalization  Method,  and  the  Sinking  Fund  Method — is  the  same. 
To  my  mind,  those  things  are  practically  alike.  Mr.  Sullivan  says  no 
concern  on  earth  that  he  knows  of  provides  for  the  replacement  of 
structures  by  the  Capitalization  Method.  Gentlemen,  you  are  all  doing 
it.  every  one  of  you,  as  far  as  I  know,  except  one  concern.  You  ar: 
providing  for  replacements  of  structures  by  taking  the  money  out  cf 
accumulated  earnings,  or  else  borrowing  new  money  when  the  time 
comes.  When  you  take  money  out  of  accumulated  earnings,  you  have 
got  to  have  capital  to  earn  that  money,  and  how  is  that  different  from 
the  Capitalization  Method?  What  difference  does  it  make  whether  you 
have  that  capital  to  put  out  at  6  per  cent,  interest,  or  whether  you  have  it 
in  your  business  earning  some  rate  of  interest.  In  order  to  get  a  sinking 
fund,  you  have  got  to  put  aside  capital.  Therefore,  you  have  used  the 
Capitalization   Method. 

Mr.  Sullivan: — Mr.  Chairman,  I  agree  with  everything  that  Mr. 
Frink  has  said,  only  that  that   applies   to   the   Sinking   Fund   Method   and 
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not  to  the  Capitalization  Method.  Renewals  are  charged  to  mainte- 
nance, but  charging  has  nothing  to  do  with  it.  The  cost  of  replace- 
ments may  be  three  or  four  times  the  amount  of  earnings.  When  the 
Union  Pacific  double-tracked  their  System,  taking  a  couple  of  years, 
did  the  Union  Pacific  have  millions  and  millions  of  dollars  put  away, 
that  they  used  the  interest  of  those  millions  to  do  that  work?  That  is 
what  that  statement  says,  and  that  is  the  correct  statement  of  the 
Capitalization  Method.  I  may  be  very  dense,  but  I  cannot  bring  myself 
to  see  it  the  way  Mr.  Frink  does. 

Mr.  Frink: — If  you  set  aside  an  amount  of  capital  to  draw  interest 
to  produce  a  certain  annual  sum  for  repairs,-  you  are  doing  just  ex- 
actly the  same  thing  as  if  you  had  that  capital  in  your  business  earning 
that  money.  There  are  two  points  that  I  want  to  speak  of  very  briefly. 
One  is  the  ultimate  cost.  It  seems  to  me  unquestionably  that  the  ulti- 
mate cost  of  a  structure  is  the  measure  of  the  value  of  that  structure  to 
you.  It  so  happens  that  in  this  discussion,  in  the  formulas  that  we 
have  gotten  out — or  that  Mr.  Ridgway  has  gotten  out,  he  is  entitled  to 
the  credit — in  those  formulas  the  annual  cost  is  the  same  ratio  as  the 
ultimate  cost;  therefore,  in  this  particular  case,  the  question  of  annual 
cost  is  a  proper  criterion,  and  that  may  be  so  in  all  cases.  The  Com- 
mittee is  perfectly  willing  to  concede  that. 

The  other  point  is  the  sinking  fund. 

You  will  all  agree  with  me  that  the  popular  conception  of  a  sink- 
ing fund  is  a  fund  that  is  detached  entirely  from  your  capital,  is  set 
aside  in  a  perfectly  safe  place  where  nothing  can  ever  happen  to  it — 
to  accumulate  interest.  That  has  been  my  conception  of  a  sinking  fund, 
and  so  far  as  I  know  it  is  the  general  conception.  If  that  is  true, 
necessarily  a  sinking  fund  must  earn  a  lower  rate  of  interest,  because 
it  is,  I  think,  always  true  that  the  more  secure  an  investment  is,  the 
more  detached  it  is   from  ordinary  business,  the  lower  the  return. 

It  has  been  the  contention  of  the  Committee,  and  it  is  still  their 
belief  and  contention,  that  any  method  used  for  the  replacement  of  struc- 
tures should  keep  in  the  working  capital  of  the  company  all  the  money 
that  is  to  be  accumulated  for  a  reserve,  so  that  whatever  interest  you 
earn  on  your  money  will  be  devoted  entirely  to  replacement.  Of  course, 
if  you  are  m>  unfortunate  as  not  to  earn  anything  on  the  money,  then 
the  argttment  oi  the  Committee  would  fall  to  the  ground,  but  we  are 
assuming   you   can   earn   at   least   as   much   as  capital   is   worth. 

Mr.  S.  S.  Roberts  (Consulting  Engineer): — I  spoke  last  year  in 
Support  of  this  Committee,  and  I  wish  to  again  speak  in  its  support. 
I    have   used    satisfactorily   similar    formulas   to   those   proposed   by    the 

i  Ortvmittec.       The    formulas    arc    nol    new    and    untried.      They    are    as    old 
as   our   algebras.      I    think    it    was    in    1906   that    I    had    to    make,    for    the 
Illinois    Central     Railroad,    a    comparison    df    the    relative    merits    of    dii 
t'Mii!     Kinds    of    CtroSS-ties,    Heated    and    untreated,    which     were    in    use 

in  the   United   States,   in  order  to  make  recommendations   for  ties  pro 
use  on  that  road.     I  In-  same  formulas  now  proposed  by  this 
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Committee  were  used  with  good  results.  In  1907  the  report  of  the 
Sub-Committee  <>n  Ballast-floor  Trestles  of  the  Committee  on  Wooden 
Bridges  and  Trestles,  based  its  conclusions  on  results  obtained  from 
similar  formulas  to  those  presented  now  to  the  Association,  and  the 
C( inclusions  were  adopted,  though  the  formulas  were  not  then  given. 
Later  similar  tables  to  the  one  published  by  this  Committee  on  page 
605  were  suggested  to  me  by  the  compound  interest  tables  found  in 
Wellington's  "Economic  Theory  of  Railway  Location."  In  1909  I 
worked  out  tables  based  on  these  formulas  for  rates  of  interest  of  4 
and  5  per  cent.,  covering  periods  from  5  to  25  years,  and  for  differ- 
ences of  time  varying  by  one  year,  and  published  them.  I  use  these 
tables  right  along  and  I  have  found  them  indispensable  in  my  practice. 
I  do  not  see  how  any  Engineer,  who  has  to  make  selection  frequently, 
almost  daily,  between  different  things  for  the  same  purpose  or  use,  can 
get  along  without  tables  of  this  kind.  They  are  time-savers  and  de- 
pendable. 

One  of  the  peculiar  things  about  the  use  of  these  tables  is,  that 
every  time  I  have  made  use  of  them  in  practice,  the  man  for  whom 
I  was  making  the  report  has  questioned  the  results,  and  invariably 
after  his  taking  a  day  off  or  sometimes  two  to  figure  it  out,  it  resulted 
in  the  confirmation  of  the  results  obtained  by  use  of  the  tables,  that 
is,  the  results  which  would  be  obtained  by  the  use  of  these  formulas 
which  this  Committee  presents  to  you. 

Again,  in  1914,  the  Tie  Committee  of  this  Association  proposed 
these  formulas  and  a  somewhat  similar  table,  and  they  were  adopted 
and  approved  by  the  Association,  so  that  if  the  Association  fails  now 
to  approve  what  this  Committee  has  done,  it  will  hardly  be  consistent. 
It  has   already  approved  the   formulas  twice. 

Now,  I  agree  thoroughly  with  the  Chairman  of  the  Committee  that 
these  formulas  have  nothing  to  do  with  the  methods  of  financing.  They 
are  simply  a  means  of  comparing  relative  merits.  It  does  not  make 
any  difference  how  much  experience  a  man  has,  how  much  data  he 
collects,  about  period  of  usefulness  and  about  replacement,  how  much 
cost  data  he  has ;  after  he  gets  it  all  together,  he  has  not  made  any 
economic  comparison.  He  has  to  resort  after  all  he  may  do  to  some 
method  for  making  comparison.  And  I  believe  that  the  method  this 
Committee  proposes  is  the  best.  After  you  have  made  your  compari- 
son, then  you  should  use  your  judgment  as  to  how  you  arc  to  spend 
the  money  which  has  been  obtained  by  whatever  financing  arrangement 
may  have  seethed  best.  I  cannof  see  why  there  is  any  bone  of  conten- 
tion about  the  use  of  the  Sinking  Fund  Method  or  the  Annual  Cost 
Method,  or  the  Capitalization  Method,  or  the  Equivalent  Cost  Method. 
They  are  all  based  on  exactly  the  same  principle.  The  Sinking  Fund 
Method  or  Annual  Cost  Method  are  nothing  in  the  world  but  simple 
interest  on  the  capitalization.  When  you  use  the  Sinking  Fund  Method 
you  are  using  the  Capitalization  Method  multiplied  by  the  prevailing 
rate  of  interest      The    principle   is   one   and    the   same,    and    it   does   not 
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make  any  difference  by  which  formula  you  arrive  at  your  results,  you 
will  get  the  same  order  of  relative  merit ;  and  I  believe  that  to  establish 
the  order  of  relative  merit  is  the  purpose  of  the  formulas  and  of  this 
Committee. 

Mr.  Sullivan : — I  am  very  thankful  to  Mr.  Roberts,  because  he  has 
clinched  my  argument,  and  he  has  put  it  in  a  great  deal  better  form  than 
I  could  put  it.  I  want  to  make  the  very  same  remark  as  to  Mr.  Frink's 
last  remarks  that  I  did  to  his  first,  that  his  argument  was  a  complete 
argument  for  the  Sinking  <Fund  Method,  and  I  think  that  I  have  got 
enough  command  of   the  English  language  to   make   that  plain. 

The  definition  he  has  given  of  the  Capitalization  Method  is  exactly 
as  Mr.  Roberts  puts  it.  You  put  out  large  sums  of  money,  presumably 
— and  necessarily,  I  think — at  smaller  rates  of  interest  than  you  will 
have  to  pay;  just  exactly  what  Mr.  iFrink  says  is  necessary  in  the 
Sinking  Fund  Method,  and  what  he  tries  to  avoid.  Then,  as  Mr.  Rob- 
erts states,  you  simply  use  the  simple  interest  as  a  sinking  fund  dona- 
tion and  the  interest  on  that  interest  in  the  Capitalization  Method, 
accumulates  a  sinking  fund  that  will  create  the  amount  required.  Now, 
in  the  Sinking  Fund  Method,  properly  speaking,  you  should  lay  aside  a 
certain  amount  each  year,  but  what  the  railroad  companies  do  is  to 
lay  an  amount  aside  which  is  left  over,  called  a  surplus,  and  you  use 
some  of  that  surplus  with  the  interest  thereon  to  pay  for  your  renewals 
or  betterments.  How  anyone  can  state  that  the  Capitalization  Method 
has  any  semblance  to  the  actual  method  of  financing  practiced  by  all 
railroads  and  other  business  firms  is  more  than  I  can  understand.  On 
the  other  hand,  this  whole  discussion  is  really  like  child's  play,  for  the 
reason  that  it  is  just  about  the  same  as  coming  before  this  convention 
and  discussing  the  question  of  whether  we  should  use  common  frac- 
tions or  decimals  in  working  out  a  problem,  but  at  the  same  time,  it 
appears  to  me  that  if  we  adopt  the  report  of  the  Committee  in  the  shape 
it  is  placed,  we  are  laying  ourselves  open  to  some  severe  criticism.  I 
have  no  objection  to  the  formulas  as  such  on  the  assumptions  on  which 
they  are  worked  out.  I  think  they  are  rather  complicated,  a  great  deal 
more  so  than  necessary,  but  they  will  give  you  correct  results  if  your 
assumptions  are  correct  and  I  would  say  that  there  is  no  objection  to 
printing  them ;  there  has  been  enough  said  now  that  each  Engineer  can 
ascertain  from  his  own  Comptroller  the  method  which  his  company  is 
using   in   financing  and  he  can  pick  out  the  proper   formula. 

(The  motion  for  the  adoption  in  the  Manual  of  the  Committee'* 
Conclusion   was   put   to  a  vote  and  carried.) 

Mr.    Frink: — The   next    think   that   the   Committee   has    to   present    is 

on  the  same  page,  593.     1  move  it  be  adopted  and  printed  in  the  Manual. 

Mr    Sullivan:      I    move  as  an   amendment  to  that  motion  that   if  the 

material   on   page   593   he   published,    that    the   material    on   pages   5°4   and 

''     also  lie   published,   and   1   think   you  can  leave  it  to  the   judgment   of 

the  Engineei  as  t<>  which  method  In-  wishes  to  use. 
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Mr.  Frink: — The  Committee  will  he  very  glad  to  accept  that,  and 
we   would   also   like   to   have   the   material   on   page   597   published. 

Mr.  Sullivan: — I  understand  it  will  be  published  without  any  of 
these    statements   accompanying  it. 

Mr.  Frink: — Yes. 

Mr.  Sullivan: — Would  you  mind  omitting  page  596?  That  is  a 
comparison,  and  if  it  is  correctly  read,  it  is  all  right,  but  if  it  is  in- 
correctly read  and  showing  really  a  difference  in  methods,  it  is  not  fair. 

Mr.  Frink: — We  are  willing  to  eliminate  that.  That  will  leave 
593,  594.  595,  597,  603,  604  and  605. 

(.It  was  voted  to  publish  the  pages  referred  to  by  Mr.  Frink  in  the 
Manual.) 

Mr.  Frink: — The  next  subject  assigned  to  the  Committee  was  the 
use  of  lag  screws  in  trestle  construction.  You  will  recall  the  Committee 
has  been  investigating  this  subject  for  several  years  and  has  made 
progress  reports  in  the  past,  but  this  year  we  believe  that  we  have 
gotten  sufficient  information  to  justify  a  final  report  and  conclusion. 
Our  final  report  is  shown  in  Appendix  C,  on  pp.  606-609,  and  the  con- 
clusions based  on  the  report  are   shown  on  page   584. 

Mr.  G.  H.  Gilbert  (Southern  Railway)  : — Mr.  Chairman,  the  old 
Queen  &  Crescent  Route,  for  a  period  of  at  least  six  to  eight  years, 
used  bolts  to  secure  each  tie  to  the  guard  timber.  I  regard  this  as 
much  safer  practice  than  the  use  of  lag  screws.  When  ties  are  new,  it 
makes  little  difference,  but  when  they  are  old,  the  use  of  bolts  is  safer. 
Consider  the  conditions  that  exist  just  before  deck  renewals  are  made. 
Ties  are  partially  decayed,  many  of  them  are  split.  They  will  not 
hold  lag  screws,  but  the  washer  on  the  bolt  under  the  tie  will  keep 
the  bolt  from  pulling  through.  I  have  seen  many  such  old  decks  after 
derailments,  with  bolts  bent  over  and  ties  split,  yet  with  only  a  few 
bolts  out.  Under  the  same  conditions  I  believe  that  you  will  find 
most  of  your  lag  screws  will  be  torn  out.  Therefore,  it  seems  to  me 
the  use  of  screws  is  not  so  safe  as  the  use  of  bolts. 

Mr.  J.  C.  Nelson  (Seaboard  Air  Line)  : — Mr.  Chairman,  I  happened 
to  be  connected  with  the  Queen  &  Crescent  Route  during  the  period 
mentioned  by  the  gentleman.  One  of  the  great  difficulties  at  that  time 
was  to  keep  the  nuts  on  the  bolts,  and  I  think  I  am  safe  in  saying 
that  within  a  year's  time,  during  which  the  bolts  had  been  in,  one  could 
go  to  any  trestle  and  find  80  to  90  per  cent,  of  the  nuts  from  the  guard 
rail  bolts  lying  on  the  ground.  The  plan  of  putting  in  the  bolts  with 
the  heads  down  was  then  tried;  using  a  slotted  washer  with  a  nail  in 
it,  to  prevent  the  nut  from  turning,  but  we  found  that  the  bolt  would 
turn  and  fall  out,  and  but  little  if  any  better  results  were  obtained  by 
using  slotted  washers  than  from  the  plain  washers.  I  had  never  seen 
or  heard  of  lag  screws  being  used  for  this  purpose  until  going  to  the 
Seaboard  Air  Line  Railway  in  1907.  I  found  them  in  use  there,  and  at  first 
was  decidedly  skeptical,  but  in  watching  them  for  two  years,  I  observed 
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that  there  were  fewer  bunched  ties  on  the  Seaboard  (which  had  at  that 
time  some  sixty-odd  miles  of  wooden  trestles,  the  guards  on  all  of  which 
were  fastened  with  lag  screws)  than  on  any  other  railroad  that  I  had 
been  connected  with  or  had  known  of.  I  have  now  been  watching  them 
for  a  little  over  eleven  years,  and  am  absolutely  convinced  that  lag 
screws  are  not  only  cheaper  than  bolts,  both  as  to  first  cost  and  mainte- 
nance, but  are  far  more  efficient. 

(Mr.  Frink  read  the  conclusions  of  the  Committee  on   page  585.) 

Mr.  Frink : — Mr.  Chairman,  I  want  to  delay  matters  a  minute.  1 
have  discovered  an  error  in  the  way  paragraph  (f)  is  printed  in  the 
Bulletin ;   it   should   read  as  follows : 

"From  proper  application  of  lag  screws,  holes  in  guard  timber- 
should  be  bored  with  augur-bits  tV"  less  in  diameter,  and  holes  in  ties 
Ya,"  less  in  diameter  than  the  nominal  size  of  lag  screws  used." 

I  move  that  the  conclusions  be  adopted  and  printed  in  the  Manual. 

(The  motion  carried.) 

Vice-President  Stimson : — The  Committee  is  dismissed,  with  the 
thanks  of  the  Association  for  their  very  valuable  report. 
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For  Report,  see  pp.  719-762.) 

Mr.  F.  L.  Thompson  (Illinois  Central)  : — Last  year  the  Committee 
on  Masonry  had  two  meetings  and  there  were  several  meetings  of  the 
sub-committees. 

The  changes  suggested  in  connection  with  revision  of  the  Manual 
are  only  changes  that  are  necessary  to  make  it  conform  to  specifica- 
tions heretofore  adopted  by  the  Association. 

The  President : — As  this  appears  to  be  a  matter  of  diction  and 
uniformity,  unless  there  is  some  objection  these  revisions  will  be  ap- 
proved and  printed  in  the  Manual. 

Mr.  Thompson : — Last  year  specifications  for  concrete  piles  were 
tentatively  adopted  by  the  convention,  and  later  the  question  came  up 
of  re-submitting  the  specifications  with  plans  and  the  Committee  was 
accordingly  instructed  to  re-submit  them  this  year,  with  a  set  of  plans. 
That   has   been   done. 

Prof.  H.  S.  Jacoby  (Cornell  University)  : — Last  year  the  report  of 
the  Committee  used  the  term  "cast-in-place"  for  Class  B,  and  I  do  not 
recall  that  a  single  voice  was  raised  against  its  appropriateness,  as  a 
brief  and  characteristic  descriptive  term. 

The  term  "molded-in-place'-  is  not  truly  descriptive  of  types  (b) 
and  (c),  whose  construction  and  equipment  used  is  given  on  page  729. 
The  use  of  the  term  "molded"  should  always  imply  that  a  form  is 
thereby  secured  which  is  predetermined,  and  which  is  not  a  mere  mat- 
ter of  chance  or  of  varying  conditions  that  cannot  be  controlled.  Subse- 
quent excavation  has  repeatedly  shown  that  in  some  kinds  of  soil  it  is 
impossible  to  predict  before  construction  what  the  form  of  the  piles 
will  be.  This  term  will  usually  fit  the  type  (a)  on  page  729,  but  not 
always  even  in  that  case.  Moreover,  the  term  "cast-in-place"  is  simple 
as  well  as  appropriate.  One  would  naturally  think  that  if  there  wore 
an  ardent  advocate  of  the  term  "molded-in-place,"  it  would  be  the 
company  which  constructs  the  type  (a)  on  page  729,  but  in  a  letter 
received  two  days  ago  from  one  of  its  chief  officers,  it  is  definitely  classed 
with    "cast-in-place"   piles. 

I,  therefore,  move  that  the  line  be  amended  to  read:  "(13)  'Cast-in- 
place'  Piles — Piles   which   are   constructed    in    holes    in    the    ground." 

The  President: — The  Committee  will  accept  that  suggestion.  This 
matter,  however,  is  not  to  be  published  in  the  Manual. 

Mr.  Thompson: — Before  starting  on  the  specifications  for  "prc- 
molded"  piles,  the  Committee  calls  attention  to  some  of  the  advantages 
of    concrete    piles    on    page    723.      This    is    submitted    as    information,    with 

the  recommendation  that   il   be  printed   in   the   Proceedings.      The   same 
thing  applies  to  the   information  given  on   page   7J-1 

The    President: — It    appears    to    the    ("hair,    as   the    matter    was    pretty 

well  discussed   last  year  and  referred  back  to  the  Committee  to  have 
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the  plans  prepared,  that  the  Association  ought  to  be  ready  to  adopt 
tlii>  report  in  its  entirety  thi-  year  without  going  into  the  details  of 
each  class,  as  the  matter  has  been  before  the  convention  for  a  year, 
and  the  Chair  will  entertain  a  motion  to  that  effect. 

Mr.  Thompson: — I  move  that  the  specifications  for  constructing  pre- 
molded  concrete  piles,  beginning  on  page  725.  be  accepted  by  the  con- 
vention and  printed  in  the  Manual.  This  takes  in  everything  to  the  ex- 
planatory note  on  page  728. 

Mr.  C.  E.  Lindsay  (New  York  <"entral)  : — Can  we  include  in  the 
motion    the    cast-in-place    pile   also? 

Mr.  Thompson  : — That  would  mean  the  matter  on  pp.  729  and  730. 
The  information  in  regard  to  molded-in-place  piles,  page  729,  is  sub- 
mitted as  information,  and  we  ask  that  it  be  printed  in  the  Proceedings. 
We  do  not  feel  that  we  have  sufficient  information  to  warrant  it  being 
included  in  the  Manual. 

The  President: — Unless  there  is  objection,  the  motion  made  by  Mr. 
Thompson    will    stand    approved. 

Mr.  Thompson: — The  next  thing  is  the  specifications  for  driving 
pre-molded  concrete  piles,  as  outlined  on  page  728.  These  specifications 
have  been  gone  over  and  revised  in  accordance  with  the  suggestions  made 
on  the  floor  last  year,  and  are  now  recommended  for  adoption  by  the 
convention,  and   insertion   in   the   Manual. 

I  move  that  they  be  adopted  and  printed   in   the   Manual. 

Mr.  A.  F.  Robinson  (Santa  Fe)  : — I  want  to  urge  that  the  Committee, 
in  submitting  these  specifications  either  remove  or  remodel  paragraph  8. 
I  do  not  believe  we  are  justified  in  stating  that  ''for  the  last  two  inches 
of  penetration  there  shall  be  a  single- action  steam  hammer  of  5000  lbs., 
drop  36  in.,  or  a  hammer  of  like  mechanical  effect."  I  do  not  think  as 
an  Association  we  want  to  go  on  record  as  saying  that  they  shall  be 
driven  in  a  certain  manner,  if  they  are  going  to  have  50  tons  load  or 
more,  and  prescribe  that  in  the  case  of  50  tons  there  shall  be  10  blows 
to  the  last  10  in.  It  seems  to  me  that  the  paragraph  could  be  re- 
modeled and  some  things  omitted.  I  object  to  A,  B,  C,  and  D  in  the 
paragraph.     I  do  not  think  that  should  be  put  in. 

Mr.  Thompson  : — Part  of  the  result  was  obtained  from  some  tests 
that  were  made. 

Mr.  Robinson: — It  is  misleading,  and  I  would  move  that  paragraph 
8  be  omitted  in  toto. 

Mr.  R.  H.  Ford  (Rock  Island  Lines): — I  think  the  Committee  is 
right  in  the  way  it  has  prepared  this  paragraph.  I  hope,  if  the  para- 
graph is  dropped,  that  the  Committee  will  ultimately  bring  in  some- 
thing as  a  guide  for  the  load  for  concrete  piles.  The  situation  is 
different  with  wooden  piles. 

The  President: — The  Committee  >ay  they  will  accept  the  sugges- 
tion, leaving  the  paragraph  out.  For  the  information  of  the  Association, 
I    would    state    I    have    had    a    little    experience    in    driving    piles    for    a 
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wharf,  that  possibly  might  lead  to  very  erroneous  conclusions  if  the 
results  were  given  as  an  experiment.  In  driving  the  piles  we  struck 
a  boulder,  and  if  we  had  put  50  tons  on  the  piles,  the  boulder  and  all 
might  have  gone. 

Mr.  Robinson: — I  do  not  want  to  be  understood  as  objecting  to  a 
similar  paragraph,  but  they  can  add  that  later  on  when  they  have  a 
chance  to  consider  it  more  fully. 

I,  therefore,  move  that  the  paragraph  be  omitted  and  passed  back 
to  the  Committee,  with  the  suggestion  that  they  investigate  that  phase 
of  the  matter  further  and  report  later  on. 

The  President : — The  Committee  will  accept  the  recommendation  and 
will  look  after  it.  It  is  very  hard  to  get  a  body  of  men  from  all  parts 
of  a  large  territory  and  have  them  agree  upon  definite  or  specific  rules. 
The  Committee  in  a  way  tried  to  make  their  specifications  general,  but 
there  are  some  things  that  must  be  given  in  definite  figures.  We  should 
make  a  study  of  these  things  and  write  to  the  chairmen  of  the  commit- 
tees and  give  them  our  experiences,  and  in  that  way,  I  believe  we  would 
do  a  great  deal  better  work  and  get  better  results.  The  chairmen  of 
committees  would  then  have  a  broader  view  of  the  situation  and  get 
opinions  from  the  different  sections  of  the  country.  We  are  all  of  us 
necessarily  governed  by  our  local  conditions  and   experiences. 

Prof.  Jacoby : — I  think  an  investigation  should  be  made  of  the  site 
by  some  method  to  determine  whether  boulders  are  present  and  whether 
the  condition  over  the  site  is  fairly  uniform  or  not.  One  of  the  diffi- 
culties in.  connection  with  pile-driving  is  due  to  failure  to  make  a  pre- 
liminary investigation  of  the  conditions  at   the  site. 

The  President : — The  Committee  will  accept  that. 

The  motion  is  that  paragraphs  1  to  9  be  approved,  with  the  excep- 
tion of  paragraph  eight,  and  included  in  the  Manual. 

(The  motion  carried.) 

Mr.  Thompson : — With  relation  to  the  matter  on  "molded-in-placo 
piles,"  this  is  submitted  as  information  to  be  printed  in  the  Proceedings. 

Prof.  Jacoby: — In  connection  with  the  matter  on  page  729,  if  it  is 
desirable  for  the  report  of  the  Committee  to  contain  a  statement  of  the 
main  advantages  of  cast-in-placc  piles  over  pre-molded  piles,  is  it  not 
equally  desirable  to  make  a  similar  statement  regarding  the  main  advan- 
tages of  pre-molded  piles  over  cast-in-piles,  each  class  being  used  where 
the  conditions  are  favorable? 

As  stated  in  the  report,  all  cast-in-place  piles  are  patented,  while 
only  some  of  the  pre-molded  piles  arc  patented.  Fair  treatment  of  all 
patented  types,  as  well  as  of  those  which  are  not  patented,  requires  such 
a  statement  to  be  added.  I  therefore  move  that  the  Committee  be 
requested  to  present  such  an  additional  statement  next  year. 

The  President : — The  Committer  will  accept  that. 

Mr.  Robinson: — I  would  like  to  state,  In  connection  with  cutting*  off 
piles,  when  we  built  the  east  approach  viaduct  at  our  Missouri  River 
bridge  a  few  years  ago,  we  drove  something  like  'x*1  concrete  piles,  and 
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we  had  a  good  deal  of  drift  and  some  riprap  to  drive  through  at  the 
bottom.  As  a  result  we  could  not  always  get  the  piles  clear  down.  We 
cut  off  about  100  piles,  at  an  average  cost  of  46  cents  per  pile.  I  give 
that   as   information. 

(Mr.  Thompson  then  referred  to  the  matter  in  Appendix  C,  read- 
ing a  part  of  the  beginning.) 

This  subject  has  been  before  the  convention  for  the  past  three  years, 
and  it  is  the  recommendation  of  the  Committee  that  the  matter  on  pp. 
731-733  be  accepted  as  information  and  printed  in  the  Proceedings. 

Prof.  Jacoby : — I  wish  to  call  special  attention  to  the  next  to  the 
last  paragraph  on  page  732.  I  can  hardly  believe  that  the  Committee 
really  intends  to  say  that  formulas  for  the  bearing  power  of  piles  are 
not  reliable  in  the  cases  mentioned,  for  the  simple  reason  that  the  form- 
ula is  not  responsible  for  being  used  in  a  case  to  which  it  does  not  apply. 
The  caution  uttered  in  that  paragraph  should  be  properly  directed  against 
the  Engineer  who  will  so  misuse  a  formula.  Such  a  formula  does  not 
apply  to  a  pile  when  it  acts  as  column.  I  move,  therefore,  that  the  para- 
graph marked  (3)  and  the  following  one,  be  amended  to  read  as  follows: 

"(3)  That  the  computed  bearing  value  of  a  pile  given  by  a  formula 
based  upon  the  fall  and  weight  of  the  hammer  is  not  always  a  true  index 
of  its  actual  bearing  power,  but  is  of  value  in  determining  the  extent 
to  which  driving  is  necessary  in  a  soil  of  known  resistance. 

"The  bearing  value  of  a  pile  computed  by  means  of  a  formula 
measures  the  resistance  of  the  pile  immediately  after  driving  ceases. 
Therefore,  in  the  case  of  soft  soils,  in  which  the  frictional  resistance  of 
a  pile  increases  materially  after  a  period  of  rest,  a  test  should  be  made 
with  the  hammer  after  such  a  period  of  rest,  in  order  that  the  com- 
puted bearing  value  may  be  a  fair  measure  of  the  actual  bearing  power 
of  the  pile  when  supporting  the  structure.  Formulas  for  the  bearing 
power  of  a  pile  are  not  applicable  to  piles  driven  through  very  soft 
soil  to  rock  or  other  hard  material,  since  they  act  like  columns  under 
those   conditions." 

The  President : — The  Committee  state  they  will  accept  the  phrase- 
ology proposed  by  Prof.  Jacoby. 

Prof.  Jacoby: — Tn  paragraph  marked  two,  third  line,  page  732,  should 
not    the   word    "continuous"  be   inserted    before    the    word    "settlement?'" 

The  President: — Where  would  the  continuous  settlement  stop? 

Prof.  Jacoby: — Whenever  you  add  an  increment  to  the  static  load 
on  the  pile,  you  will  almost  invariably  have  some  settlement,  but  after 
a  while  it  will  stop  settling.  The  idea  is  that  when  a  static  load  is  used 
for  testing  piles,  it  should  be  added  by  increments,  and  after  awhile  you 
get  to  a  point  where  the  settlement  will  be  continuous.  Then  you  have 
an  overload,  and  have  gone  beyond  the  proper  limits.  The  correct 
static  load  is  that  one  which  may  have  produced  a  very  slight  settlement 
when  first  put  on,  but  conies  to  rest  after  a  short  time,  perhaps,  one  or 
two  hours. 
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The  President: — Will  you  write  a  letter  to  the  Chairman  on  that? 

Prof.  Jacoby :— I   will   be  glad  to  do   so. 

There  is  one  more  point  that  I  would  like  to  make  and  that  is,  should 
not  the  word  "static"  be  inserted  in  the  third  line  from  the  bottom  of 
page  732  before  the  words  "load  tests?" 

Mr.  Thompson  : — Yes ;  that  is  correct. 

In  Appendix  D  is  given  a  report  on  "The  wisdom  of  the  use  of 
blast  furnace  slag  in  reinforced  concrete  work,  taking  into  especial  con- 
sideration its  probable  duration."  This  matter  is  submitted  as  informa- 
tion. 

The  President : — It  will  be  so  accepted. 

Mr.  Thompson: — This  is  the  first  time  the  subject  of  concrete  culvert 
pipe  has  been  assigned  to  the  Committee.  The  Committee  has  done 
considerable  work  and  endeavored  to  prepare  plans  and  specifications 
for  concrete  culvert  pipe,  but  it  has  not  gone  far  enough  into  the  subject 
to  recommend  this  for  adoption,  and,  therefore,  desires  to  have  another 
year  at  least  to  go  into  this  matter   further. 

The  President : — This  is  presented  as  information. 

If  there  is  no  further  discussion,  the  Committee  is  excused,  with 
the  thanks  of  the  Association. 
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(For   Report,    see   pp.    611-674.) 

Mr.  \\  .  F.  Strouse  (Baltimore  &  Ohio): — The  Committee  was  a-- 
signed  eight  subjects.  Reports  have  been  made  on  a  number  of  the 
subjects,  lint  not  all  of  them.  The  report  on  subject  (1)  appears 
in  Appendix  A,  and  the  recommendations  of  the  Committee  are  given 
at  the  end  of  that  section  for  approval  and  publication  in  the  Manual. 
In  connection  with  that  report  you  will  find  on  pages  616  to  622  a  series 
of  tables  giving  the  dimensions  of  flangeways  of  electric  and  steam  rail- 
ways, and  on  the  bottom  of  page  614  are  given  the  conclusions  that  are 
recommended  for  placing  in  the  Manual.  These  conclusions  were  arrived 
at  after  careful  consideration  of  the  dimensions  of  flangeways  covering 
the  principal  steam  railways  and  electric  railways  of  the  United   States. 

I  move  the  adoption  of  the  recommendations  at  the  bottom  of  page 
614  and  the  top  of  page  615. 

(The  motion  carried.) 

Mr.  C.  E.  Lindsay  (New  York  Central): — I  apprehend  that  there 
might  be  the  possibility  of  trouble  in  widening  the  flangeway  a  sixteenth 
of  an  inch  for  every  two  degrees  of  curvature:  it  might  in  some  cases 
violate  the  action  of  the  guard-rail ;  that  is,  it  might  decrease  the  dis- 
tance between  the  back  of  the  guard-rail  and  the  frog  point  so  that  it 
would  strike. 

Mr.  Strouse: — I  would  say  in  answer  to  that,  at  the  bottom  ol 
page  614,  the  following  statement   is  made: 

"On  some  roads  the  width  of  flangeway  is  increased  as  the  gage  is 
increased,  so  as  to  keep  the  distance  between  the  gage  line  and  wearing 
surface  of  the  oppositie  guard-rail  uniformly  4  ft.  6-Vj  in.,  which  is  good 
practice  and  recommended   for  excessive  curvature." 

I  think  that  will  take  care  of  it,  and  that  impression  is  borne  out 
by  the  information  that  was  furnished  the  Committee,  a  great  deal  of 
which    was  not   published   in   this   report. 

Mr.  Lindsay: — That  is  obligatory,  that  it  shall  not  violate  that  dis- 
tance. 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — I  should  like  to  ask  the  Com- 
mittee whether  or  not  they  have  taken  into  consideration  in  fixing  this 
width  of  flangeway,  the  proposal  which  has  been  acted  upon,  I  think,  by 
some  other  committee,  sanctioning  the  thickening  of  the  flanges  of  the 
wheels. 

Mr  Strouse: — So  far  as  I  know  that  matter  has  not  been  given  con- 
sideration by  this  Committee.  This  particular  portion  of  the  report  was 
prepared  by  Mr.  L.  A*.  Mitchell,  who  is  connected  with  an  electric  rail- 
way in  Indiana,  and  the  report  is  based  on  information  obtained  from 
electric  and  steam  railways  of  the  country,  and  that  to  the  best  of  my 
knowledge  lias  not  been  presented. 
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Mr.  Baldridge  : — If  I  remember  correctly,  one  of  the  other  commit- 
tees have  in  their  report  a  statement  sanctioning  the  proposal  of  the 
Master  Car  Builders'  Association  thickening  the  car  wheel  flange  an 
eighth  of  an  inch.  If  that  matter  has  not  been  considered  by  this  Com- 
mittee, it  seems  to  me  it  would  be  advisable  to  hold  this  another  year 
to  consider   that   proposal. 

The  President : — Is  it  not  a  fact — I  may  have  seen  this  in  the  public 
press — but  wasn't  there  a  rider  put  on  that  not  to  change  the  distance 
between  the  inside  of  the  flange  of  one  wheel  and  the  inside  of  the  adja- 
cent  wheel  ? 

Mr.  Strouse : — I  don't  understand  it  so,  Mr.  President. 

Mr.  John  R.  Leighty  (Missouri  Pacific)  : — There  is  no  reason  why 
we  should  defer  action  on  this  Committee's  work  on  account  of  the  sub- 
ject just  mentioned,  so  long  as  this  report  does  not  violate  any  of  the 
conditions  proposed.  The  design  of  frogs  and  switches  and  their  flange- 
ways  will  be  taken  care  of  in  the  same  way  as  the  other. 

Mr.  Baldridge :— If  I  remember  correctly,  our  flangeways  for  frogs  and 
switches  provide  for  V/%  in.  on  the  guard-rail  side  and  \%  in.  on  the  frog 
side.  That  gives  %  in.  more  than  we  are  providing  for  in  this  case. 
Unless  that  matter  has  been  considered,  I  think  the  Committee  should 
take  it  up.  As  I  remember,  the  other  report  sanctioning  the  thickening 
of  the  flange  of  the  wheels,  provided  that  the  face  to  face  of  the  flange 
of  the  wheel  be  extended  a  certain  amount.  Why  not  refer  this  back  and 
have  the  adjustment  made  accordingly? 

The  President : — My  idea  is  that  it  was  the  face  to  face  distance. 

Mr.  Baldridge: — I  understand  the  "face"  is  the  side  of  the  flange  next 
the  rail. 

The  President : — The  point  that  seems  to  be  important  is  that  if  you 
get  up  to  25  degrees,  you  have  gone  beyond  the  limit  of  that  equation. 
However,  it  is  immaterial. 

(Mr.  Strouse  then  read  paragraph  2  on  page  611.) 

Mr.  Strouse : — This  matter  was  taken  up  with  the  Committee  on 
Signals  and  Interlocking,  but  we  found  that  Committee  had  prepared  a 
rather  complete  report  on  the  subject  of  signs,  and  it  was  felt  by  this 
Committee  that  no  advantage  could  be  gained  by  presenting  another  set 
of  plans  bearing  on  the  same  subject.  Some  additional  information  has 
been  gotten  together  on  that  subject  which  is  presented  as  information 
in  Appendix  B. 

Subject  (4),  page  611: — Last  year  copies  of  the  laws  bearing  on  this 
subject  of  crossings  were  presented,  and  the  Committee  was  asked  to 
tabulate  the  principal  information  contained  in  those  laws.  This  has 
been  done,  and  it  will  be  found  on  pp.  626  and  627.  This  is  presented 
as  information. 

Subject    (5),    "Report   on    classification    of    fences    into    types."      Sev- 
eral years  a;;<>  the  Committee   revised   the   specification   fur    fences  .i-  given 
in  the   Manual,  and  submitted   considerable  other  information   in  COnnec 
tion    therewith        This    year    we    secured    photographs    of    a    number    of 
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different  types  of  fences  that  are  used  principally  around  railroad  yards 
and  industrial  plants.  Copies  of  these  photographs  are  given  in  Appendix 
D,  beginning  on  page  628  and  ending  on  page  632.  The  Committee  recom- 
mends the  inclusion  of  these  illustrations  in  the  Manual  as  supplement- 
ing the  sketches  that  are  already  in  that  volume  and  illustrating  other 
types  of  fence. 

Prof.  A.  N.  Talbot  (University  of  Illinois)  : — Would  it  be  practical 
for  the  Committee  to  give  a  title  to  each  of  these  types? 

Mr.  Strouse: — The  Committee  has  not  given  that  matter  considera- 
tion. I  presume  titles  could  be  provided.  The  thought  was  that  the 
sketches  would  illustrate  the  types  of  fences  that  are  in  very  general  use 
around  railroad  yards  and  industrial  plants.  I  might  say  that  on  page 
629  cuts  do  not  show  several  strands  of  barbed  wire  that  are  supposed  to 
be  attached  to  the  portion  of  the  posts,  extending  above  the  fence  proper. 

Mr.  J.  L.  Pickles  (Duluth,  Winnipeg  &  Pacific)  : — I  should  like  to 
see  our  Committee  recommend  a  standard  right-of-way  fence.  Most  of 
the  laws  are  requiring  a  fence  practically  horse-high,  bull-strong  and 
hog-tight.  If  we  become  engaged  in  litigation,  we  will  be  asked  why  we 
do  not  provide  a  fence  for  our  right-of-way,  such  as  shown  at  the  bottom 
of  page  632.  These  publications  are  quite  often  brought  before  us  in 
that  connection.  If  we  had  a  recommendation  for  a  fence  it  would 
probably  be   adopted   in  many   cases   where   laws   are  to   be   enacted. 

The  President : — We  have  now  in  the  Manual,  at  page  298,  fences 
defined  as  classes  A,  B,  C,  and  D.  Am  I  to  understand  from  the  Com- 
mittee that  these  drawings  are  to  illustrate  these  different  classes,  or 
any  one  particular  class? 

Mr.  Strouse : — None  of  these  classes  are  at  present  in  the  Manual. 
They  are  to  be  additional. 

In  reply  to  the  remark  of  Mr.  Pickles,  I  call  attention  to  the  note 
at  the  bottom  of  page  625.  In  going  over  the  laws  in  regard  to  fences 
and  stock-guards,  I  was  struck  by  the  fact  that  the  laws  of  comparatively 
few  states  specify  either  the  kind  of  fence  or  the  character  of  construc- 
tion, and  that  very  fact  has  given  rise  to  a  good  deal  of  uncertainty  as 
to  just  what  constitutes   a  legal    fence. 

(Mr.  Strouse  read  the  last  paragraph  on  page  625.) 

I  remember  several  years  ago  that  in  discussing  the  specifications  for 
fences,  the  Association  was  very  guarded  in  recommending  any  par- 
ticular type  of  fence ;  but  it  seems  to  me  that  that  point  could  be  covered 
very  nicely  by  the  passage  of  uniform  fence  laws.  As  it  is  now,  some  of 
the  fences  are  4  ft.  high,  some  are  4}4,  some  are  allowed  to  be  con- 
structed of  wood  in  various  combinations,  and  others  posts  of  various 
types  with  wire,  the  result  being  that  a  different  construction  might  be 
placed  on  what  constitutes  a  legal  fence  in  every  state. 

The  President : — It  appears  to  the  Chair  that  there  is  a  good  deal  in 
what  Mr.  Pickles  has  said.  At  the  same  time,  in  behalf  of  the  Com- 
mittee, if  you  will  read  the  paragraph  on  the  top  of  page  628,  it  will 
partially   answer   your   question. 
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Mr.  Lindsay : — Does  the  Committee  consider  that  with  these  illustra- 
tions and  the  material  already  in  the  Manual,  they  have  shown  all  types 
of  fences  that  are  used  on  railroads? 

Mr.   Strouse: — No;  I   would  not  say  all  types. 

Your  Chairman  was  somewhat  in  doubt  as  to  just  what  was  meant 
by  being  asked  to  report  on  classification  of  fences  into  types.  There 
did  not  seem  to  be  anything  very  definite  in  the  wording  of  the  sub- 
ject. I  wrote  our  Secretary,  and  he  replied  that  the  thought  of  the  Com- 
mittee on  Outline  was,  that  additional  types  of  fence  outside  of  right- 
of-way  fences  and  other  fences  that  had  already  been  taken  care  of  in 
previous  reports  was  intended,  and  the  Committee  then  took  up  the  mat- 
ter of  getting  photographs  of  different  styles  of  fences  that  were  in  use 
around  railroad  property  and  industrial  plants. 

Mr.  F.  Auryansen  (Long  Island  Railroad)  : — There  are  two  types  of 
fence — one  you  can  see  through,  and  the  other  you  cannot.  Figures  3  and 
4  on  pp.  629  and  630  are  the  latter  class,  tight  board  fences ;  in  that  con- 
nection I  think  the  Committee  ought  to  get  some  further  data  regard- 
ing slab  concrete  fences. 

Prof.  S.  N.  Williams  (Cornell  College)  : — As  providing  supplemental 
information  on  the  subject  of  signs,  more  than  2,000  motorists  who 
failed  to  "stop,  look  and  listen"  were  killed  at  crossings  in  1916  and  many 
more  were  injured.  The  number  killed  and  injured  in  these  accidents 
is  increasing  25  per  cent,  per  year.  I  take  a  personal  interest  in  this 
from  the  fact  that  I  had  some  relatives  killed  last  summer  by  attempt- 
ing to  make  a  crossing  before  a  fast  train:  they  did  not  succeed.  At  a 
highway  crossing  in  Massachusetts,  a  local  passenger  train  was  thrown 
off  the  track  by  an  automobile  freight  truck,  the  locomotive  being  over- 
turned. This  industrial  tank  appears  to  have  superior  bucking  power 
to  a  locomotive.  The  railway  and  the  automobile  owner  in  this  case 
brought  suit  against  each  other  for  damages.  The  railway  won,  and 
secured  a  verdict  against  the  truck  owner. 

Mr.  Pickles: — May  I  suggest  that  types  of  fence  should  be  entitled: 
for  country  right-of-way;  for  fencing  suitable  in  city  limits;  fencing 
suitable  in  and  about  terminals ;  shops,  etc.,  in  place  of  first,  second,  third 
and  fourth  class  fences. 

The  President: — That  is  going  back  to  a  subject  that  is  already  in 
the  Manual.  What  we  are  now  discussing  is  the  conclusion  in  this 
year's  report;  that  is,  additional  types  of  fences.  You  might  put  your 
suggestion  in  the  form  of  a  motion  to  have  the  Committee  study  it 
•  luring  the  Coming  year. 

Mr.  Pickles: — I  did  not  make  it  as  a  motion. 

Mr.  Baldridge: — As  there  seems  to  be  a  great  divergence  of  opin- 
ion, 1  move  that  this  bo  referred  back  to  the  Committee  for  another  year. 

The    President: — Of  course,   it   will   be   received  as   information. 

Mr.  Baldridge :— Certainly,  at  this  time,  and  referred  back. 

The  President:    The  Committee  say  they  will  accept  that  suggestion 
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(Mr.  Strouse  then  read  paragraph  6  (a)   and   (b)   on  page  611.) 

Mr.  Strouse: — Your  Committee  has  collected  information  from  the 
various  states  of  the  Union  covering  the  laws  of  the  states  or  require- 
ments of  the  Federal  Government  affecting  the  distribution  of  costs  be- 
tween the  carriers  and  the  public.  This  information  is  given  on  pp.  633 
to  653.  Since  that  information  has  been  printed,  your  Committee  has 
secured  similar  information  from  the  Dominion  of  Canada.  It  is  rather 
long  and  we  will  not  attempt  to  read  it,  but  it  occurs  to  me  that  this 
information  should  be  included  in  the  report  and  printed  in  the  Proceed- 
ings. 

The  President: — These  statements  being  information,  there  can  be 
no  objection  to  having  them  printed  in  the  Proceedings. 

Mr.  W.  M.  Ray  (Baltimore  &  Ohio)  : — I  notice  under  "Ohio,"  page 
646,  the  statement  is  made  that  "the  power  to  deal  with  matters  of  this 
nature  is  vested  in  muicipalities."  I  think  that  statement  should 
read  "in  counties  and  municipalities."  In  Ohio  we  have  about  as  many 
overtures  from  boards  of  county  commissioners  as  we  have  from  muni- 
cipalities. 

The  President : — The  Committee  will  accept  that. 

Mr.  E.  G.  Hewson  (Grand  Trunk)  : — Should  there  not  be  a  sub- 
heading to  show  that  the  information  refers  only  to  the  distribution  of 
cost? 

Mr.  Strouse: — Sub-heading  (6-b),  I  think,  makes  that  rather  clear. 
By  reading  the  text  it  seems  to  me  is  about  as  definite  as  we  can  get  it. 

The  Committee  submits,  beginning  on  page  654,  Appendix  F,  some 
information  on  the  subject  of  end  or  strain  posts,  and  on  pp.  656-661, 
sketches  illustrating  various  schemes  that  we  were  able  to  locate,  cover- 
ing that  particular  question. 

On  page  662,  Appendix  G,  is  a  further  study  on  the  subject  of  con- 
crete fence  posts;  in  other  words,  the  subject  has  been  brought  down  to 
date. 

On  page  672  are  tables  prepared  from  information  received  from 
various  railroad  companies  which  have  used  square,  round,  and  U-shaped 
posts. 

On  page  671  are  the  conclusions  arrived  at  by  the  Committee  under 
the  subject  of  concrete  posts.  These  are  very  similar  to  the  conclusions 
that  are  at  present  in  the  Manual,  except  that  they  are  somewhat  more 
elaborate.  It  is  intended  as  a  substitute  for  what  is  at  present  in  the 
Manual. 

Mr.  Lindsay: — Conclusion  (2)  is  somewhat  indefinite. 

Mr.  Strouse: — That  is  in  the  Manual  at  the  present  time. 
Mr.    Lindsay: — I   understand    so;   but    it   reopens    the   whole   subject. 
Prof.   Talbot: — On  page  672,  section  10,   I   find  no  reference  to  the 
data  on  which  that  conclusion  was  based.     Can  the  Committee  give   us 
any  further  information  in  their  report? 
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Mr.  Strouse : — We  cannot  give  you  any  further  information  on  that 
particular  point.  This  portion  of  the  report  was  prepared  by  Mr.  T.  E. 
Rust,  who  about  the  time  of  the  completion  of  the  report  by  him  was 
called  to  the  service  of  his  country.  I  at  that  time  was  sick  and  unable 
to  do  anything,  and  I  let  it  go  through  as  the  information  that  he  sub- 
mitted to  me.  I  assume,  however,  that  the  particular  paragraph  was 
put  in  on  the  strength  of  some  information  he  had.  I  cannot  state 
definitely  that  that  is  a  fact. 

Mr.  Lindsay: — No.  11  would  be,  I  think,  better  if  it  said  regard- 
ing posts  "they  should  be  protected  from  the  sun."  It  would  be  definite 
instead  of  indefinite. 

Mr.   Strouse : — The  Committee  will   accept  that  suggestion. 

Mr.  Auryansen : — I  might  say  in  answer  to  Prof.  Talbot,  that  twenty- 
five  miles  from  salt  water  includes  all  of  Long  Island.  The  Long  Island 
Railroad  has  built  quite  a  number  of  fences  having  3-in.  slabs  which  were 
reinforced  by  rods  properly  held  in  place  so  that  they  would  remain  in 
the  center  of  the  slab.  The  fences  are  over  ten  years  old,  and  there  is 
absolutely  no  sign  of  deterioration. 

Prof.  Talbot : — In  view  of  that  statement,  I  make  the  motion  that 
paragraph  No.  10  be  referred  back  to  the  Committee. 

Mr.  A.  O.  Wilson  (Seaboard  Air  Line)  : — The  Navy  Yard  at  Charles- 
ton is  enclosed  with  reinforced  concrete  posts,  and  they  show  no  deteriora- 
tion-whatever. This  fence  has  been  up  a  number  of  years,  and  I  don't 
think  that  paragraph  No.  10  will  hold. 

Mr.  Strouse : — In  regard  to  that  point,  I  only  know  in  a  general  way 
that  there  have  been  a  good  many  failures  in  concrete  exposed  to  salt 
water,  but  whether  it  is  necessary  to  place  such  a  distance  between  the 
salt  water  and  the  structure,  is  another  question.  I  rather  feel  myself 
that  that  is  a  little  too  great  a  distance. 

I  move  you,  therefore,  that  these  conclusions,  with  the  exception 
of  No.  10,  be  adopted  and  placed  in  the  Manual,  as  revised. 

Mr.  Auryansen : — As  to  paragraph  No.  14,  if  posts  have  to  be  packed 
in  straw  or  sawdust  to  ship,  would  it  not  be  better  to  change  the  design 
of  the  posts? 

Mr.  Strouse: — The  statement  is  that  they  should  be  carefully  handled 
and  packed,  but  we  find  from  the  reports  we  have  been  receiving  for 
several  years  past  it  is  not  done  to  any  extent.  Posts  are  usually  placed 
carefully  in  cars  and  handled  carefully  in  loading  and  unloading,  and 
comparative  little  damage  has  so  far  been  reported.  I  think  that  is  mak- 
ing it  a  little  strong. 

(The  motion  to  adopt  the  conclusions,  with  the  exception  of  No.  10, 
was  put  and  carried.) 

Mr.  Strouse: — There  is  one  other  subject.  No.  8,  on  page  612.  The 
Committee  undertook  to  revise  the  cost  data  and  bring  it  down   to  date. 
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but  found  the  present  time  rather  a  bad  one  to  attempt  anything  elab- 
orate in  that  direction,  on  account  of  the  excessive  cost  of  labor  and 
material,  and  the  cost  analysis  that  is  given  on  page  673  deals  with  the 
cost  of  various  kinds  of  posts  that  have  been  in  vogue  the  last  few  years. 
It  is  only  submitted  as  information. 

The  President :— It  will  be  so  accepted. 

The  Committee  is  relieved,  with  the  thanks  of  the  Association  for 
its    good    work. 


DISCUSSION  ON  STRESSES  IN  RAILROAD  TRACE. 

(For   Report,    see    pp.    871-1058.) 

Prof.  A.  N.  Talbot  (University  of  Illinois)  : — The  Committee  on 
Stresses  in  Track  presents  its  first  progress  report.  The  report  includes, 
first,  an  analysis  of  the  action  of  track  as  an  elastic  structure;  second. 
a  description  of  the  instruments  and  apparatus  used  and  the  methods  of 
conducting  tests;  and  third,  the  results  of  the  tests. 

It  is  felt  that  the  analysis  of  the  action  of  track  as  an  elastic  struc- 
ture is  of  value  in  giving  a  basis  on  which  to  compare  results,  and  in 
ensuring  a  better  comprehension  of  what  may  be  expected  in  track  action. 
The  analysis  assumes  a  uniform  elastic  support.  This  form  of  sup- 
port, of  course,  is  not  entirely  representative  of  the  condition  where 
ties  are  used,  and  further  it  is  not  the  condition  when  the  track  is  not 
well  tamped,  but  its  use  does  bring  out  some  of  the  effects  of  the  kind 
of  ballast  and  of  spacing  and  size  of  ties,  and  also  the  effect  of  the 
moment  of  inertia  of  the  rail  section. 

The  results  of  tests  given  here  are  mainly  those  relating  to  stresses 
in  the  rail.  The  work  on  stresses  in  ties  and  deflection  of  ties  and  that 
on  distribution  of  pressure  downward  and  laterally  through  ballast  will 
be  given  in  a  later  report. 

In  regard  to  the  stress  in  the  rail,  the  report  gives  something  on 
the  effect  of  a  single  load  in  producing  stress  in  the  rail  and  the  effect 
of  distribution  of  load  along  the  rail,  as  given  by  trucks  or  drivers  of 
different  spacing.  It  gives  something  on  the  effect  of  weight  of  rail  with 
reference  to  the  bending  moment  developed.  It  includes  work  on  the 
effect  of  speed  of  engine  without  reference  to  the  effect  of  counterweight, 
and  it  deals  somewhat  with  quality  of  track  and  effect  of  condition  of 
track  and   locomotive. 

One  of  the  fundamentals  taken  up  is  the  question  whether  the 
principle  of  superposition  may  be  used  in  analyzing  the  stresses  in 
track.  These  tests  include  what  is  termed  one-axle  load  and  two-axle 
load.  The  results  show  that  the  track  does  act  as  an  elastic  structure, 
that  the  principle  of  superposition  may  be  used,  and  that  we  may  use 
terms  which  are  similar  to  those  which  are  used  in  the  analysis  of  the 
action   of   ordinary   structures. 

Since  this  report  was  presented,  some  tests  have  been  made  on 
the  effect  of  counterweight.  It  seems  best  to  refer  to  these  tests  in  order 
that  the  impression  may  not  prevail  that  since  differences  were  not 
found  in  the  tests  given  in  the  progress  report,  the  finding  of  the  Com- 
mittee is  that  the  counterweight  has  little  effect.  In  the  tests  which 
have  just  been  worked  up,  rather  excessive  effects  were  found  with  a 
locomotive  which  was  undoubtedly  either  badly  balanced  or  poorly 
•ricd. 

It  is  enough  to  say  that  in  this  ease  the  stress  in  the  rail  under  the 
main  driver   with  the  counterweight    up   was  eighl    time-   as   grttl    as   with 
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the  counterweight  down  ;  while  under  the  other  drivers  the  stress  in  the 
rail  had  its  maximum  value  with  the  counterweight  at  its  low  point. 
These  results  were  found  at  a  rather  high  speed  for  the  type  of  loco- 
motive used.  Mean  stresses  in  the  base  of  rail  were  found  as  high 
as  52,000  lbs.  per  square  inch,  which,  for  the  rail  used,  means  57,000  lbs. 
per  square  inch  stress  in  the  head  of  the  rail.  In  some  of  these  runs 
kinks  were  formed  in  the  rail  at  places  away  from  the  instruments, 
both  vertical  and  lateral  kinks  being  made;  measurement  from  the  kinks 
to  the  instrument  indicated  that  the  counterweight  of  the  main  driver 
was  at  the  high  point  over  the  kinks.  These  and  other  tests  are  being 
worked  up,  and  we  hope  to  continue  them. 

The  President: — May  I  ask  if  you  are  going  to  conclude  with  that? 
In  other  words,  are  we  to  believe  from  that  that  the  engine  was  properly 
counterbalanced,  and  that  the  movable  weights  were  heavier  than  the 
counterweights? 

Prof.  Talbot: — It  was  reported  to  us  that  this  particular  driver  (the 
main  driver)  was  under-counterbalanced  by  more  than  900  lbs.,  the  other 
drivers  were  over-counterbalanced. 

The  Committee  had  hoped  that  the  progress  report  could  be  put  in 
the  hands  of  the  members  some  time  ago,  but  there  was  a  delay  in 
making  the  cuts.  Until  this  delay  came,  we  had  hoped  that  there  might 
be  considerable  discussion  from  the  members  of  the  Association  at  this 
time. 

I  may  add  that  the  work  is  being  continued ;  that  tests  are  in  prog- 
ress on  the  distribution  of  pressure  downward  and  laterally  in  ballast, 
and  on  stresses  and  bending  in  ties,  and  on  other  matters  of  the  kind. 

The  President: — In  the  judgment  of  the  Chair,  this  report  is  a 
classic.  We  might  devote  considerable  time  in  the  discussion  of  it  if  the 
lateness  of  the  hour  did  not  forbid.  It  is  understood  that  th«  Com- 
mittee  will   continue   this   work. 

The  Committee  will  be  relieved,  with  the  thanks  of  the  Association 
for  its  excellent  work. 


DISCUSSION  ON  RAIL. 

(For  Report,   see  pp.  409-544.) 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — The  subjects  as- 
signed to  this  Committee  this  year  are  the  same  as  for  the  year  previous, 
and  it  will  not  be  necessary  to  refer  to  them. 

On  page  410  of  Bulletin  203  is  the  first  matter  upon  which  the  Com- 
mittee desires  action,  upon  revision  of  the  Manual.  It  will  be  recalled 
that  the  Manual  shows  test  samples  from  three  positions.  Tests  from 
two  positions  are  sufficient.  The  matter  shown  on  page  410  is  what  the 
Committee  desires  to  have  put  in  the  Manual  in  place  of  what  now  ap- 
pears.    I,  therefore,  move  that  this  revision  of  the  Manual  be  adopted. 

(The  motion  carried.) 

Mr.  Churchill: — Attention  is  called  especially  to  "Rail  Failure  Statis- 
tics," on  page  411.  There  is  shown  a  successively  decreasing  number  of 
failures,  compared  on  the  basis  of  five  years'  service;  and  the  later  rollings, 
compared  on  a  shorter  period  of  service,  also  show  reductions.  The  im- 
provements may  be  ascribed  mainly  to  three  things :  A  gradual  replace- 
ment of  the  Bessemer  by  Open-Hearth  rails,  the  adoption  of  heavier  rails, 
with  stronger  bases,  and  the  improvement  of  the  metal  used  for  rails.  This 
report  is  presented  as  information. 

The  next  subject  is  "Special  Investigation  of  Rails."  A  number  of 
investigations  have  been  made,  and  Bulletins  have  been  issued  covering 
them.  Attention  is  particularly  called  to  Report  68,  "Inhibited  or  Delayed 
Transformation  in  Rail  Heads,"  by  Dr.  Dudley.  A  later  study  by  him 
bears  out  the  conclusion  Dr.  Dudley  has  heretofore  made  and  given  in 
this   report. 

Another  important  matter  is  "Intensity  of  Pressure  and  Rail  Resist- 
ance," the  report  on  which  is  given  on  page  413,  while  the  subject-mat- 
ter is  found  in  Appendix  H.  The  report  is  too  long  to  do  more  than 
simply  refer  to  it,  but  the  tentative  conclusions  of  the  laboratory  tests 
are  those  given  on  page  414. 

The  field  tests  conducted  by  Dr.  Dudley  are  also  given  in  the  same 
report,  and  while  no  conclusions  are  drawn  from  them,  the  areas  of  con- 
tact under  the  wheels  is  shown  in  photographic  plates  and  by  measure- 
ment, which  tend  to  confirm  the  laboratory  tests,  except  that  it  must 
Ik  borne  in  mind  that  the  laboratory  tests  are  conducted  with  a  perfect 
wheel  and  perfect  rail. 

Since  this  report  was  submitted,  some  of  the  same  rails  used  in  the 
laboratory  were  put  in  the  tracks  of  the  Pennsylvania  Railroad  and  field 
made  of  these   rails  under  general  traffic.     A  report  thereon   will 
Ik   submitted  later. 

Mr.  M.  H.  Wickhorst  (Rail  Committee): — The  laboratory  tests  Mr. 
Churchill  refers  to  were  tests  in  which  pieces  of  rail  were  rolled  on,  and 
in  order  to  measure  the  deformation  or  flow  of  the  metal,  holes  wen 
drilled    through    the    r;iils    from    side    to    side    at    different    depths,    some 
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close  to  the  top  surface,  others  lower,  and  some  still  further  down. 
These  holes  were  small  in  diameter  (about  3/32  in.)  fitted  with  tapered 
pins,  so  that  a  reduction  in  diameter  of  one-ten-thousandth  of  an  inch 
could  be  measured  by  the  difference  in  the  distance  the  pin  would  go  into 
the  holes. 

The  results  of  these  laboratory  tests  are  given  in  the  report,  and, 
as  Mr.  Churchill  stated,  the  rails  have  been  put  into  the  tracks  at  Altoona 
for  a  field  test.  The  rails  in  the  laboratory  tests  were  rolled  over  with 
a  load  finally  of  35,000  lbs.  on  one  wheel.  When  put  into  the  track  the 
maximum  load  was,  perhaps,  25,000  lbs.,  and  the  average  load  less  than 
that.  It  was  found  that  there  was  considerable  closure  of  the  holes 
after  the  rails  were  in  service  a  short  time.  It  is  expected  to  continue 
the  measurements. 

Mr.  Churchill: — While  we  have  not  much  progress  to  report  on  the 
subject,  "Mill  Practice,"  what  we  do  state  will  be  found  on  page  413. 
We  shall  keep  in  touch  with  this  matter,  and  make  further  report  from 
time  to  time. 

At  this  particular  time  the  matter  of  specifications  governing  the 
acceptance  of  rail  seems  to  be  quite  important,  in  view  of  the  probable 
change  that  may  be  made  by  the  Director-General  of  Railroads  in  the 
purchase  of  rails.  We  do  not  know  just  how  far  these  changes  will 
extend  :  but  it  has  been  thought  by  the  Committee  within  the  last  few 
days  that  we  should  at  least  call  attention  to  some  points  that  have 
heretofore  been  mentioned  in  our  reports;  also  including  one  which  relates 
to  the  work  of  the  Committee  on  Track  Stresses,  and  another  relating 
to  the  report  of  our  sub-committee  on  area  of  contact,  and  the  depres- 
sion in  the  surface  material  in  the  head  of  the  rail.  It  is  also  because 
we  have  these  two  progress  reports  before  us,  that  the  following  mat- 
ter is  read  to  you,  with  the  suggestion  that  each  Chief  Engineer  should 
study  these  progress  reports  carefully  along  with  our  rail  specifications 
and  method  of  tests  and  the  methods  of  doing  the  work  generally  on 
railroads. 

(Mr.  Churchill  then  read  the  following)  : 

IMPORTANT  PRECAUTIONS  IN  CONNECTION  WITH   MILL  PRACTICE  AND  IN 
HANDLING   RAILS. 

1.  See  that  every  reasonable  effort  is  employed  to  avoid  slag  in- 
clusion and   segregated   material   in   the  rails. 

2.  Encourage  increased  discard  and  in  some  cases  the  elimination 
of  all  "A"  rails. 

3.  Test  rails  more  frequently  with  head  down  so  that  they  may 
be  in  tension  during  test,  more  readily  to  discover  defects. 

4.  Secure  greater  elasticity  in  the  rails  than  indicated  by  the  mini- 
mum elongation  permitted.  The  general  minimum  elongation  should  be 
10  per  cent,  under  the  standard  test  prescribed,  with  normal  high  carbon 
content  in  the  steel. 
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5.  See  that  hot  beds  are  well  protected  from  the  weather,  especially 
sudden  changes  in  temperature. 

6.  See  that  rails  are  kept  spaced  as  uniformly  as  possible  on  the  hot 
beds. 

7.  See  that  the  best  and  most  approved  practice  is  followed  in 
straightening  and  handling  rails. 

IMPORTANT   PRECAUTIONS    IN    CONNECTION    WITH    THE   USE  OF   RAILS    IN    TRACK. 

1.  It  is  a  good  plan  to  use  "A"  rails  at  other  places  in  track  than 
on  curves  or  to  use  them   in   tracks   of   comparatively   light  traffic. 

2.  Maintain   a  well-drained  track. 

3.  See  that  ties  are  uniformly  spaced;  and  promptly  replace  decayed 
ties. 

4.  Secure  bearing  on  all   ties  and  take  special   care  of  joints. 

5.  Dense  and  heavy  traffic  or  high  speed  calls  for  increased  depth 
of  ballast  for  economy  in  maintenance. 

6.  Keep  freight  car  wheel  loads  generally  below  25,000  lbs.  for  eco- 
nomical maintenance. 

7.  Keep  locomotive  counterbalances  evenly  adjusted  and  avoid  ex- 
treme loads  on  any  wheels  thereof. 

Mr.  Churchill : — The  Committee  thinks  it  may  be  a  good  plan  for 
a  member  of  the  Track  Committee,  and  of  the  Committee' on  Track 
Stresses  to  confer  with  this  Committee  at  an  early  date,  to  see  if  there 
are  any  additional  points  which  should  be  issued  as  a  series  of  notes. 

The  President: — Is  that  to  be  transmitted  to  railroad  companies  or 
to  be  published  merely  in  the  Proceedings? 

Mr.  Churchill : — Published  in  the  Proceedings. 

The  next  subject  is  "Report  on  Track  Bolts  and  Nutlocks."  We  have 
prepared  a  specification  on  this  subject.  On  page  413  are  noted  a  few 
changes  that  were  considered  desirable  as  compared  with  the  specifica- 
tions printed  on  page  920  of  the  1916  Proceedings.  The  complete  speci- 
fications are  printed  as  Appendix  B. 

We  submit  in  Appendix  A,  Specifications  for  Quenched  Carbon  and 
Quenched  Alloy  Steel  Joint  Bars. 

I  make  a  motion  that  these  specifications  (Appendix  A)  be  adopted 
and  printed  in  the  Manual. 

(The  motion  carried.) 

Mr.  Churchill : — We  offer  in  Appendix  B,  "Specifications  for  Quenched 
Carbon  and  Quenched  Alloy  Steel  Track  Bolts  With  Nuts." 

I  move  that  these  specifications  be  adopted  for  printing  in  the  Manual. 

Mr.  C  W.  Baldridge  (Santa  Fe)  : — Is  it  the  intention  of  the  Com- 
mittee, in  section  4,  of  Appendix  B,  that  the  two  classes  of  material 
are  to  be  interchangeable? 

Mr.  Churchill :— The  specification  is  to  apply  to  both  kinds  of  metal 

The  President: — This  is  meant  to  confine  the  steel  to  the  Open- 
Hearth  process  alone.     I   think   that   is  the  question. 
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Mr.  Baldridge: — It  seemed  to  me  it  left  it  optional  with  the  manu- 
facturer whether  he  used  a  Bessemer  or  Open-Hearth  process. 

Mr.  Churchill : — It  was  the  openion  of  the  Committee  that  this 
should  be  Open-Hearth  steel.  Alloys  now  generally  used  are  made  by 
the  Open-Hearth  process.  The  main  point  is,  nevertheless,  that  the 
specifications  prescribe  physical  tests  to  which  the  metal  will  be  sub- 
jected, and  any  metal  that  meets  the  physical  tests  and  general  require- 
ments given  is  considered  as  suitable. 

(The  motion  carried.) 

Mr.  Churchill : — On  page  423  we  give  "Specifications  for  Medium 
Carbon  Steel  Track  Bolts  With  Nuts."  I  move  that  this  be  adopted 
for  printing  in  the  Manual. 

(The  motion  carried.) 

The  President : — The  Committee  is  relieved  with  the  thanks  of  the 
Association. 

Dr.  P.  H.  Dudley   (New  York  Central— by  letter)  : 

March  14th,   1918. 

GROUPS   AND   LAYERS   OF   CRYSTALS    IN    STEEL   RAIL   HEADS. 

I  mentioned  cores  and  gave  an  illustration  in  Report  59  to  the  Rail 
Committee,  November,  1916,  and  in  a  written  communication  to  them 
at  their  meeting,  Atlantic  City,  June  25,  1917,  I  stated  that  I  found  well- 
defined  crystals  which  formed  the  nuclei  of  two  interior  transverse 
fissures  of  the  Intergranular  type.  My  communication  was  issued  as 
Report  68  to  the  Rail  Committee,  December,  1917. 

My  reason  for  the  classification  of  one  variety  of  interior  transverse 
fissure  as  the  Intergranular  type  was  the  general  fact  that  the  nuclei  of 
the  fissures  checked  between  the  grains  of  more  or  less  co'mplete  crys- 
tals. One  or  more  well-developed  crystals  were  often  noted  in  the  first 
interior  transverse  fissures  which  occurred  in  the  track  after  two  or  three 
years'  service.  The  nuclei  of  many  of  the  fissures  in  the  rails  which  are 
not  fractured  in  the  track  for  four  or  five  years,  are  more  or  less 
effaced,  therefore  not  fully  of  the  form  of  the  original  check  of  the 
nucleus  by  the  gag  at  the  mills,  and  from  the  periphery  of  this  check, 
the  interior  transverse  fissure  develops  through  the  grains  by  the  ten- 
sile strains  of  the  wheel  loads  in  the  wheel  spacing.  These  strains  are 
only  from  one-fourth  to  one-third  of  the  tensile  strains  which  occur  in 
the  base  directly  under  the  same  wheel  loads. 

The  work  was  resumed  a  few  months  since  of  nicking  and  breaking 
into  small  fragments  the  pieces  of  rails  which  developed  interior  trans- 
verse fissures  in  the  track  and  broke  under  the  drop  test  due  to  their 
brittlcness  or  lack  of  ductility.  We  have  found  well  developed  crystals 
in  the  head  or  its  junction  with  the  web  in  sixteen  rails  to  date,  four- 
teen from  different  open-hearth  melts  and  two  from  different  Bessemer 
heats — which,  as  classified,  were  four  Intergranular,  and  twelve  of  the 
Coalescent  type. 
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The  nuclei  of  both  fissures  of  the  Intergranular  type  in  the  rail 
mentioned  in  Report  68,  were  composed  of  almost  perfect  crystals  which 
could  be  readily  identified  under  a  magnification  of  twenty  or  twenty- 
five  diameters.  The  fissure  which  caused  the  fracture  of  one  of  the 
rails  in  the  track  was  only  two  feet  and  three  inches  from  the  end,  and 
two  inches  back  of  it  another  fissure  was  disclosed  upon  cutting  and 
breaking  the  rail  head  into  fragments  in  search  of  cores  and  crystals. 
More  than  half  of  the  rail  has  been  broken  or  cut  into  fragments  and 
the  crystals  traced  in  the  head  for  seventeen  feet  and  six  and  one-fourth 
inches  in  zones  or  cores  nearly  continuous  with  some  deviation  from  one 
side  of  the  head  to  the  other.  The  entire  rail  broke  under  the  drop 
on  account  of  its  brittleness  in  the  interior  of  the  head,  but  crystals  were 
not  noticed  in  the  other  parts. 

These  crystals  are  not  of  sufficient  size  to  become  macroscopic  unless 
concentrated  in  the  nuclei  of  an  interior  transverse  fissure.  The  crystals 
are  generally  microscopic  and  require  magnification  to  identify  them. 
They  are  often  associated  in  gray  areas,  which  are  generally  enclosed  by 
steel  of  a  coarser  texture.  The  crystals  in  an  occasional  rail  may  be 
associated  also  between  the  layers  which  orientate  the  inverted  pear- 
shaped  mass  in  the  head  over  the  web.  This  mass  of  metal  may  form 
one-tenth  or  less  of  the  interior  of  the  upper  part  of  the  setting  ingot, 
and  is  a  condition  of  manufacture  rather  than  of  service. 

When  such  metal  occurs  in  an  occasional  "high"  rail  from  the  hot 
bed  and  then  gagged  upon  the  head,  the  blow  may  be  sufficient  to  leave 
the  imprint  of  the  gag  on  the  orientated  layers  of  the  pear-shaped  mass 
of  metal  under  the  bearing  surface.  Several  of  the  imprints  of  the  gag 
are  checkered  surfaces  in  the  Coalescent  type,  in  part  due  to  the  layers 
of  crystals  which  have  been  uncapped.  The  crystals  have  now  been 
found  quite  complete  in  this  orientated  junction  of  the  two  or  more 
grades  of  metal.  This  is  also  a  condition  of  manufacture  rather  than  of 
service. 

It  is  the  conclusion  of  several  independent  investigators,  and  also 
of  the  officials  of  many  railroad  systems,  that  the  steel  made  of,  or  similar 
to,  the  chemical  composition  designated  in  the  New  York  Central  Lines 
specification  has  been  rendered  non-ductile  or  nearly  so,  in  the  interior 
of  the  railhead  by  some  conditions  of  manufacture. 

This  marks  an  epoch  in  the  progress  of  the  subject  matter  under  con- 
sideration. 

Mr.  W.  C.  Dashing  (Pennsylvania  Lines— by  letter):-   Subject  No.  5 

reads : 

(a)    Report  on  details  of  manufacture  and   mill   practice  as   they 

■  ill'  '  I    rail  quality. 

ill)  Continue  the  research  on  the  possibility  of  various  improve- 
ment, in  methods  of   manufacture  of   $ttt\   rails. 

In  connection  with  this  subject  of  "Mill  Practice,"  die  writer  made 
some  remarks  on  "Improvement  in   Method  of  Casting  Ingots,"  in  Pro- 
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cecdings,  American  Railway  Engineering  Association,  Vol.  18,  1917,  Re- 
port of  Committee  IV,  on  Rail,  Appendix  "G,"  page  1075,  and  quoted 
A.  \V.  and  H.  Brearley  in  "The  Engineer,"  of  London,  for  October  6. 
1916,  on  "Some  Properties  of  Ingots." 

This  being  a  very  important  subject,  the  writer  takes  the  occasion 
of  this  report  to  call  attention  once  more  to  the  possible  advantage  of  the 
material  in  casting  ingots  with  the  large  end  up,  the  subject  having 
been  dealt  with  in  the  Journal  of  the  Iron  and  Steel  Institute,  Vol.  XCV, 
No.  1,  1917,  page  69,  by  J.  N.  Kilby  (Sheffield),  under  the  title  of 
"Steel  Ingot  Defects."  The  following  are  extracts  from  this  report  and 
its  discussion : 

Journal  of  the  Iron  and  Steel  Institute  (Great  Britain),  Vol.  XCV,  No.  1,  1917. 

"Steel  Ingot  Defects,"  by  J.  N.  Kilby  (Sheffield). 

Extracts. 

"Pipe. — A  given  volume  of  similar  liquid  steel  will,  under  like  condi- 
tions, solidify  with  a  definite  amount  of,  or  volume  of,  shrinkage. 

"The  receptacle  into  which  the  steel  is  cast  governs  the  position  in 
the  ingot  of  the  pipe  cavities,  and  therefore  the  amount  of  the  ingot 
which  it  is  necessary  to  discard  for  the  production  of  sound  steel  (Fig.  1, 
a  and  b). 

"Fluctuations  in  casting  temperature,  rate  and  method  of  teeming, 
percentages  of  silicon,  manganese  and  aluminum  influence  the  pipe 
more  or  less  according  to  the  type  of  moulds   used. 

"Messrs.  Brearley,  in  their  admirable  paper  of  September,  1916, 
more  than  emphasize  the  important  relationship  between  mould  type  and 
pipe,  and  leave  little  room  or  necessity  to  expand  on  this  particular 
point.  It  was  a  curious  coincidence  that  the  author  has  also  dealt  with 
the  same  subject,  and  whilst  not  upon  exactly  the  same  lines,  yet  having 
a  similar  object  in  view.  The  sketches  of  ingots  showing  pipe  in  his 
introductory  paper  were  based  upon  the  establishment  of  the  central  run 
mould  by  the  originators  of  this  type.  Steelmakers,  after  thorough  in- 
vestigation, must  accept  the  mould  with  the  wide  end  up  as  the  one 
conducive  to  minimum  pipe.  The  longer  the  ingot  in  proportion  to  its 
cross-sectional  area  the  worse  the  trouble  with  the  old  narrow-end-up 
type  (see  Fig.  3).  Mould  type,  and  method  of  casting,  should  be  made 
one  of  the  most  important  points  of  steel  specification. 

"After  the  question  of  mould  type,  one  has  to  consider  the  necessity 
of  using  a   feeder  head  and  type   of  the  same. 

"Except  with  special  steels,  the  use  of  a  refractory  feeder  head  has 
not  been  widely  adopted.  That  it  is  necessary  to  produce  the  maximum 
of  sound  steel  is  beyond  dispute.  The  type  of  feeder  head  does  not 
matter  a  great  deal,  inasmuch  as  reducing  pipe  is  concerned,  provided,  it 
i»  of  sufficient  capacity  adequately  to   feed   the  chill  portion. 

"Quoting  from  Messrs.  Brearley's  paper  of  September  last:  'In 
producing  steel  at  what  is  called  the  "market"  price,  these  "insignificant" 
defects  are  made  as  harmless  as  possible.'  Setting  aside  the  question 
as  to  whether  these  defects  are  in  any  way  detrimental  to  these  par- 
ticular classes  of  steel  or  not,  there  remains  the  factor  of  cost  of  pro- 
duction, which  appears  to  be  the  real  basis  for  not  using  heads  more 
generally,  or  in  other  words,  the  extra  cost  incurred  by  the  use  of  a 
feeder  head  would  not  be  more  than  covered  by  the  saving  of  steel. 
Let   us   see    whether   this    is   so   or   not. 
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a.  a 

Fig.   1— Both   Ingots,   Narrow   End  Up.      (a)    Closed  Top.        (b)    Open 
Top.     Showing  Difference  in  Thickness  of  the  Top  of  the  Ingot. 


A  (old  type).  -Botfom^es^cbsedtop.   B.- Bottom- cast open  top 
Marrow  end 'up.  ht/de  endup. 

Fig  i    Showing  Relativi  Thicknesi  of  Mold  at  Top  and  Bottom  &wd 
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Fig.  3 — Showing  Old  Type  Ingot  Forged  Down  to  Bars  and  Indicating 

the  "Solid"  Portion  at  the  Top  End  of  the  Bar,  Which 

Misleads  the  Forgeman  on  This  Class  of  Ingot. 


"The  cost  of  production  turns  upon  how  much  of  the  piped  portion  of 
the  'unfed'  ingot  is  utilized  as  salable  steel,  against  the  cost  of  the  feeder 
head  and  its  gain  in  yield.  The  cost  of  a  feeder  head  per  ton  of  steel 
varies  greatly  according  to  size  of  ingot  and  also  according  to  type  of 
head  used. 

"The  figures  and  details  below  are  from  actual  works  costs,  and 
based  upon  piping  steels  of  0.45  per  cent,  carbon. 


Ingot  with  Feeder  Head 

90  per  cent,  sound  steel 
10  per  cent,  scrap 


Ingot   without   Feeder   Head 

Yields  65  per  cent,  sound 
Yields  15  per  cent,  doubtful 
Yields  20  per  cent,  scrap 


"We  have,  therefore,  an  increased  yield  of  10  per  cent,  for  the  cost 
of  the  feeder  head,  not  considering  the  15  per  cent,  doubtful  material 
used  as  sound. 


ingot 


Would  yield 


At  a  Cost  of 


15  cwt. 

1.5  cwts. 

more  sound  steel  with  head 

Is. 

20  cwt. 

2.0  cwts. 

more  sound  steel  with  head 

Is. 

2d. 

30  cwt. 

3.0  cwts. 

more  sound  steel  with  head 

Is. 

4d. 

40  cwt. 

4.0  cwts. 

more  sound  steel  with  head 

Is. 

6d. 

50  cwt. 

5.0  cwts. 

more  sound  steel  with  head 

Is. 

8d. 

"Apart  from  the  increased  yield  and  more  reliable  steel,  there  is 
the  great  saving  in  the  ultimate  manipulation  of  the  ingot  in  the  rolling- 
mills,  etc. 

"It  would  appear,  therefore,  that  feeder  heads  are  economically  essen- 
tial, even  for  what  is  termed  the  'ordinary'  steels.     .     .     ." 
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DISCUSSION. 

Mr.  J.  E.  Fletcher  (Dudley)  said  his  own  experience  confirmed  the 
author's  views,  that  forgings  made  from  slowly  run  wide-topped  ingots 
with  hot  feeder  heads  and  top  cast  were  freer  from  surface  and  internal 
flaws  than  those  from  the  older  type  with  wide  base  and  bottom  cast. 
.  The  inclusions  of  slag  were  a  far  more  common  trouble  than 
steelmakers  generally  cared  to  admit,  and  Mr.  Kilby  deserved  high  praise 
for  indicating  means  both  inside  and  outside  the  melting  furnace  whereby 
the  difficulties  could  be  largely  overcome.     . 

The  "woody-fibered"  test  fracture,  braking  with  ominous  silence", 
always  bore  witness  to  the  presence  of  slag.  The  engineer  should,  how- 
ever, be  able  to  look  forward  with  greater  feelings  of  security  to  the 
days  of  top-cast,  feeder-headed  ingots,  slowly  run  through  the  tun-dish. 
The  use  of  the  latter  would  surely  eliminate  many  of  the  difficulties  which 
arose  from  the  violent  bottom  splash,  resulting  from  the  unbroken  fall 
of  a  stout  stream  of  steel  impelled  at  high  velocity  under  the  heavy  pres- 
sure head  in  the  large  ladles  of  modern  melting  shop  practice. 

Mr.  W.  J.  Foster  (Darlaston)  stated  that  the  .result  of  his  test  was 
that  by  cooling  the  metal  down  quickly,  he  found  that  he  obtained  very 
solid  castings,  and  it  appeared  to  him  that  in  the  question  of  casting 
steel  ingots,  if  the  ingot  moulds  were  made  heavier  in  proportion  to  the 
steel  dealt  with,  very  much  sounder  castings  would  be  obtained. 

Dr.  F.  Rogers  (Sheffield)  maintained  that  ingots  with  the  large 
end  up  were  the  ingots  of  the  future  for  the  great  majority  of  pur- 
poses, principally  because  that  form  had  the  advantage  in  regard  to  piping 
and  segregation.     . 

Dr.  McCance  (Glasgow)  wrote  that  there  could  be  no  two  opinions 
on  the  advantages  of  the  mould  cast  with  the  wide  end  up  over  the 
mould  cast  with  the  narrow  end  up,  and  those  who  still  adhered  to  the 
latter  type  could  only  do   so   from   prejudice  or  ignorance.     . 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines— by  letter)  : — The  writer 
does  not  agree  completely  with  the  report  of  the  Rail  Committee  pre- 
sented to  the  Convention  in  March,  1918,  the  exception  being  taken  to 
Appendix  "A"  containing  "Specifications  for  Quenched  Carbon  and 
Quenched  Alloy  Steel  Joint  Bars,"  and  Appendix  "B"  containing  "Speci- 
fications for  Quenched  Carbon  and  Quenched  Alloy  Steel  Track  Bolts 
with  Nuts"  and  "Specifications  for  Medium  Carbon  Steel  Track  Bolts 
with  Nuts." 

Having  established  a  definite  form  of  specifications  in  the  Carbon 
Steel  Rail  Specifications,  already  included  in  our  Manual,  the  writer 
would  like  to  see  the  same  form  maintained  for  subsequent  specifica- 
tions, and  accordingly  criticism  is  offered  on  those  printed  in  Appendices 
"A"  and  "B"  for  not  being  sufficiently  complete  and  in  accordance  with 
the   pattern    already    set. 

In    the    physical    requirements,    which    are    the    main    parts    "f    a 

specification,  the  differences  arc   not    material,   but   there   are  other   differ- 

.iik)    omissions    of    which    cognizance    should    be    taken,    and    in 
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order  to  bring  out  those  differences  the  accompanying  specifications  are 
submitted  in  complete  detail.  It  is  believed  that  they  are  much  more 
complete    than    those    adopted    by    the    Association. 

It  is  the  disposition  of  many  to  eliminate  everything  from  the 
specifications  except  the  "Bare  Bones,"  but  specifications  serve  other 
very  important  functions  besides  those  of  stating  the  mere  mechanical 
properties : 

(1)  They  should  be  also  specific  instructions  to  the  Inspector 
so  that  it  will  not  be  necessary  for  him  to  refer  any  more  questions 
than   possible   to   headquarters. 

(2)  Specifications  should  also  be  a  source  of  instruction  and  a 
guide  to  the  Engineers  who  are  required  to  make  use  of  them  in  their 
work,  and  they  should  be  so  comprehensive  that  they  do  not  have  to 
look  elsewhere  for  additional  information  to  any  greater  extent  than 
possible.  Where  this  additional  information  concerns  methods  of  test- 
ing, however,  which  are  attended  to  by  a  Testing  Laboratory,  reference 
can  be  made  to  the  Standards  governing  such  testing  which  have  already 
been  established  as  Standard  methods,  and  such  reference  has  been 
made  to  the  American  Society  for  Testing  Material  Standards  in  -these 
specifications.  For  that  reason,  there  may  seem  to  be  unnecessary  clauses 
sometimes,  but  it  is  very  important  to  leave  them  in.  The  commit- 
tees of  the  American  Society  for  Testing  Materials  are  running  to 
the  other  extreme  and  eliminating  many  important  clauses  from  their 
specifications,  and  they  also  stick  to  the  old  forms  of  specifications 
which  can  be  considerably  improved. 

The  specifications   submitted  are  as   follows : 

Quenched    Carbon    and    Alloy    Steel    Joint    Bars,  form  M.  W.  4.402-c, 

Quenched   Carbon   and   Alloy    Steel    Track   Bolts,  form  M.  W.  4.406-e, 

Medium    Carbon    Steel    Track   Bolts    and    Spikes,  form  M.  W.  4.405-e. 

PENNSYLVANIA   LINES. 

West  of  Pittsburgh. 

SPECIFICATIONS  FOR  QUENCHED   CARBON  AND   ALLOY 

STEEL  JOINT  BARS. 

Inspection. 

Acceptance. 

1.  In  order  to  be  accepted,  the  material  or  articles  ordered  must 
equal  and  fulfill  all  the  requirements  of  the  "Specifications."  If  they  do 
not  do  so,  they  will  be  rejected. 

Access  to  Works. 

2.  Inspectors  representing  the  purchaser  shall  have  free  entry  to  the 
works  of  the  manufacturers  at  all  times  while  the  contract  is  being 
executed,  and  shall  have  all  reasonable  facilities  afforded  them  by  the 
manufacturer  to  satisfy  them  that  the  joint  bars  are  furnished  in  accord- 
ance with  the  terms  of  these  specifications. 
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Place  for  Tests. 

3.  All  tests,  except  check  analyses,  and  inspection  shall  be  made  at 
the  place  of  manufacture  prior  to  shipment,  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  mill. 

Defect  found  after  Delivery. 

4.  Joint  bars  which  show  injurious  defects  subsequent  to  their  ac- 
ceptance at  the  place  of  manufacture  or  sale  will  be  rejected  and  returned 
to  the  manufacturer,  who  must  pay  the  freight  charges  both  ways. 

Material. 
Material. 

5.  The  material  for  the  joint  bars  shall  be  of  steel  manufactured 
by  the  Basic  Open-Hearth  process,  or  shall  be  an  acceptable  alloy  steel.  It 
shall  be  homogeneous,  and  when  broken  in  tension,  show  a  uniformly 
silky   fracture. 

Chemical  Requirements. 

Chemical  Composition. 

6.  The  chemical  composition  of  the  joint  bars  manufactured  from 
each  melt  of  steel,  determined  as  described  in  Section  7,  shall  be  within 
the  following  limits : 

Carbon — Minimum    percentage 0.40 

— Maximum    percentage 0.60 

Phosphorus — Maximum    percentage 0.04 

Note: — In  the  event  of  nickel  and  chromium  being  present  to  the 
extent  of  1.00  per  cent  and  0.35  per  cent,  respectively,  these  elements  will 
be  considered  as  the  equivalent  of  0.07  per  cent  of  carbon  in  the  above 
requirements. 

Analyses. 

7.  The  manufacturer  shall  furnish  the  inspectors  with  analyses 
and  information  in  accordance  with  the   following  requirements  : 

(a)  For  each  melt  of  Open-Hearth  steel,  chemical  analyses,  from 
a  test  ingot  made  during  the  pouring  of  the  melt,  of  the  elements  carbon, 
phosphorus,  manganese,  silicon,  sulphur  (an  unreasonable  percentage  of 
sulphur  shall  be  considered  sufficient  cause  for  rejection  of  the  melt),  and 
the  other  principal  elements,  such  as  nickel  and  chromium,  if  an  alloy 
steel,  used  to  attain  the  physical  properties  specified  in  Section   13. 

(b)  A  portion  of  the  test  ingot  for  check  analyses,  upon  the  request 
of  the  inspector. 

(c)  Drillings  for  analyses  shall  be  taken  not  less  than  Js  inch 
beneath  the  surface  of  the  test  ingot. 

(d)  The  purchaser  may  arrange  for  analyses  to  be  made  from 
finished  joint  bars  representing  each  melt,  which  shall  conform  to  the 
requirements  specified  in  Section  6.  Drillings  for  the  analyses  may  be 
taken  from  a  finished  liar  at  any  point  midway  between  the  center  and 
tlie  surface  of  the  solid  bar,  or  turnings  may  be  taken  from  the  tesl 
specimen. 

Physical  REQUIREMENTS 
Physical  Qualities. 

8.  Tests  shall  be  made   to  determine: 
fa)     Strength. 

(h)     Ductility  or  toughness  as  opposed  to  brittleness. 
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Method  of  Testing. 

9.  The  physical  qualities  shall  be  determined  by: 

(a)  The  Tension  Test  to  find  the  Tensile  Strength  or  Ultimate 
Breaking  Stress,  the  Elastic  Limit,  the  Elongation  Percentage,  and  the 
Percentage  of  Reduction  of  Area. 

(b)  The  Cold  Bend  Test. 
Method   of  Testing. 

10.  (a)  The  "Tension  Test"  shall  be  conducted  in  accordance  with 
the  rules  of  the  American  Society  for  Testing  Materials,  except  where 
differences  occur  herein. 

(b)  The  "Elastic  Limit"  is  the  greatest  load  per  unit  of  original 
cross-section  which  does  not  produce  a  permanent  set,  and  shall  be  deter- 
mined by  the  strain  gage,  which  shall  be  attached  to  the  test  piece  at  the 
gage  marks,  and  not  to  the  shoulders  of  the  test  piece  nor  to  any  part 
of  the  testing  machine. 

(c)  When  making  the  tension  test,  the  crosshead  speed  of  the  test- 
ing machine  shall  be  such  that  the  beam  of  the  machine  can  be  kept 
balanced,  but  in  no  case  shall  the  values  of  0.12  inch  per  minute  for  elas- 
tic limit,  and,  after  removal  of  strain  gage,  1.0  inch  per  minute  for 
tensile  strength  be  exceeded,  the  speed  being  increased  after  passing  the 
elastic  limit. 

Pieces  for  Testing.  » 

11.  (a)  The  tension  test  pieces  shall  be  taken  from  the  finished 
joint  bars,  after  final  treatment.  They  shall  be  cut  so  that  the  sides  of 
the  pieces  are  parallel  to  the  direction  in  which  the  bar  has  been  rolled. 

(b)  The  test  pieces  for  tension  tests  shall  be  in  the  form  of  round 
rod^,  about  4J4  inches  long,  with  the  central  2-inch  length  turned  to  a 
x/2-inch  diameter,  and  with  the  ends  threaded  or  unthreaded  to  fit  into 
the  holders  of  the  testing  machine,  in  accordance  with  the  standard  form 
and  dimensions  for  tension  test  pieces  of  the  American  Society  for  Test- 
ing Materials. 

(c)  Tension  test  specimens  may  be  rectangular  in  section,  in  which 
case  they  shall  not  be  less  than  J^-inch  in  width  between  the  planed  sides, 
and  shall  have  two  parallel  faces  as  rolled. 

(d)  The  test  pieces  for  the  cold  bend  test  shall  consist  of  bars 
5^2-inch  square  in  section  after  final  treatment. 

Temperature  of  Test  Pieces. 

12.  The  temperature  of  the  test  pieces  shall  be  between  15.6  and 
43.3  degrees  Centigrade    (60  and  110  degrees  Fahrenheit). 

Mechanical   Strength   and   Ductility. 

13.  The  steel  used  for  making  the  joint  bars  must  be  capable  of 
sustaining: 

Grade 
Carbon    Alloy 

(a)  A    minimum    tensile    strength    in    pounds    per 

square   inch   of 100,000     110.000 

(b)  A  minimum  clastic  limit,  in  pounds  per  square 

inch,  of    70,000      85,000 

(c)  A    minimum    elongation    percentage,    measured    in   2    inches    of 
1,600,000 

,   but   in   no   case   under    12. 

ultimate  tensile  strength 
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(d)     A  minimum  reduction  of  area  percentage  at  point  of  fracture  of 
3,500,000 

-,  but  in  no   case  under  25. 


ultimate  tensile  strength 

(e)  Cold  bending  of  the  quenched  bar  without  sign  of  fracture  on 
the  outside  of  the  bent  portion,  through  90  degrees  around  an  arc,  the 
diameter  of  which  is  three  times  the  thickness  of  the  test  piece. 

Proportion   of  Tests. 

14.  The  process  of  heat  treatment  may  be  either  by  quenching  suc- 
cessive charges,  or  by  the  continuous  method  of  quenching  which  is 
carried  on  mechanically  and  continuously : 

(a)  When  the  process  of  treatment  is  quenching  by  "successive 
charges,"  one  tension  and  one  bend  test  shall  be  made  from  each  quench- 
ing charge.  If  more  than  one  melt  is  represented  in  a  quenching  charge, 
one  tension  and  one  bend  test  shall  be  made  from  each  melt. 

(b)  When  the  process  of  treatment  is  "continuous,"  one  tension  and 
one  bend  test  shall  be  made  from  not  less  than  1,000  bars.  If  more  than 
one  melt  is  represented  in  1,000  bars,  one  tension  and  one  bend  test  shall 
be  made  from  each  melt. 

(c)  Bars  shall  be  piled  separately,  in  accordance  with  each  quench- 
ing charge  or  melt,  until  tested  and  accepted  by  the  Inspector,  and  shall 
have  marked  thereon  the  proper  designating  character  so  as  to  be 
readily  identified  for  inspection. 

(d)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 

(e)  If  the  percentage  of  elongation  of  any  tension  test  specimen 
is  less  than  that  specified  in  Section  13  (c)  and  any  part  of  the  fracture 
is  more  than  J4  inch  from  the  center  of  the  gage  length,  as  indicated 
by  scribe  scratches  marked  on  the  specimen  before  testing,  a  retest  shall 
be  allowed. 

Requenching. 

15.  If  the  results  of  the  physical  tests  of  any  test  lot  do  not  con- 
form to  the^  requirements  specified,  the  manufacturer  may  rcquench  such 
lot,  but  not  more  than  three  additional  times,  unless  authorized  by  the 
purchaser,  and  retests  shall  be  made  as  specified  in  Section  14. 

Details  of  Manufacture. 
Heating. 

16.  Neither  ingots  nor  blooms  shall  be  overheated,  so  as  to  cause 
the  cinder  to  run  when   drawn   from   the   furnace. 

Discard. 

17.  A  sufficient  discard  shall  be  made  from  each  ingot  to  secure 
freedom  from  injurious  piping  and   undue  segregation. 

Designs. 

18.  The  joint  bars  shall  lie  made  in  accordance  with  the  standard 
designs  of  the  Pennsylvania   Lines   West  of   Pittsburgh. 

Length. 

19.  The  joint  bars  shall  be  cut  to  the  standard  length  prescribed  by 
the  purchaser,  and  shall  not  vary  therefrom  by  more  or  less  than   '  s   inch. 

Section. 

20.  The  joint  bars  shall  be  smoothly  rolled  and  the  section  shall  con 
form  as  accurately  as  possible  to  tin-  template  furnished  l>>  the  purchaser 
I  'in-  edges  and  bearing  surfaces  shall  be  well  and  accurate!]   defined 
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Punching,   etc. 

21.  (a)  All  joint  bars  shall  be  punched,  slotted,  and  shaped  before 
treatment  at  a  temperature  of  not  less  than  800  degrees  Centigrade  (1470 
degrees   Fahrenheit). 

(b)  All  the  bolt  holes  shall  be  punched  before  treatment  in  one 
operation  from  the  outside  gf  the  bar,  without  bulging  or  distorting  the 
section,  and  the  bars  shall  be  slotted  for  spikes  in  accordance  with  the 
standard  drawing,  the  slotting  being  done  in  one  operation.  A  variation 
of  1/32  inch  in  the  size  and  1/16  inch  in  the  location  of  holes  will  be 
allowed. 

Heat  Treatment. 

22.  The  joint  bars  at  the  proper  temperature  (which  is  about  810 
degrees  Centigrade  or  1490  degrees  Fahrenheit)  shall  be  quenched  in 
oil  or  water,  and  be  kept  in  the  bath  until  cold  enough  to  be  handled. 

Finish. 

23.  When  finished,  the  bars  shall  be  straight,  without  camber  in  either 
plane,  and  with  the  outside  surface  of  the  web  parallel  to  the  axis  of 
the  rail.  They  shall  be  free  from  kinks  in  any  direction,  and  free  from 
burrs,  cracks,  and  injurious  mechanical  defects. 

Branding. 

24.  Brands  or  distinguishing  marks  shall  be  rolled  or  pressed  into  the 
outside  of  the  bar,  and  a  portion  of  this  marking  shall  appear  on  each 
finished  joint  bar,  in  accordance  with  the  following  requirements,  and  to 
indicate : 

(a)  The  name  or  initials  of  the  "Manufacturer." 

(b)  The  "Year"  of  manufacture. 

(c)  The  kind  of  "Material,"  the  letters  "O.  H."  being  used  to  desig- 
nate "Open-Hearth  Steel." 

(d)  The  "Heat  Treatment,"  by  the  letter  "Q"  for  "quenched,"  and 
"QT"  for  "quenched  and  tempered." 

(e)  The  number  or  characteristic  for  "Design." 
(  f)     The  number  of  the  "Melt." 

(g)  All  brands  or  markings  shall  be  done  so  effectively  that  the 
marks  may  be  read  as  long  as  the  joint  bars  are  in  service. 

Separate  Classes. 

25.  The  rolled  joint  bars  from  each  melt  shall  be  piled  separately 
until   tested   and   accepted  by   the   Inspector. 

PENNSYLVANIA    LINES. 

West  of  Pittsburgh. 

SPECIFICATIONS  FOR  MEDIUM  CARBON  STEEL  TRACK 

BOLTS  AND  SPIKES. 

Inspection. 
Acceptance. 

1.  In  order  to  be  accepted,  the  material  or  articles  ordered  must 
equal  and  fulfill  all  the  requirements  of  the  "Specifications."  If  they  do 
not  do  so,  they  will  be  rejected. 

Access  to  Works. 

2.  Inspectors  representing  the  purchaser  shall  have  free  entry  to  the 
works     of     the     manufacturers     at     all     times     while     the     contract     is 
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being  executed,  and  shall  have  all  reasonable  facilities  afforded  them 
by  the  manufacturer  to  satisfy  them  that  the  track  bolts  and  spikes  are 
furnished  in  accordance  with  the  terms  of  these  specifications. 

Place  for  Tests. 

3.  All  tests,  except  check  analyses,  and  inspection  shall  be  made  at 
the  place  of  manufacture  prior  to  shipment,  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  mill. 

Defect  found  after  Delivery. 

4.  Bolts,  spikes  and  nuts  which  show  injurious  defects  subsequent  to 
their  acceptance  at  the  place  of  manufacture  or  sale  will  be  rejected  and 
returned  to  the  manufacturer,  who  must  pay  the  freight  charges  both 
ways. 

Material. 
Material.  ► 

5.  (a)  The  material  for  medium  carbon  steel  track  bolts  and  spikes 
shall  be  of  steel  manufactured  by  the  Basic  Open-Hearth  process.  It  shall 
be  homogeneous,  and  when  broken  in  tension,  show  a  uniformly  silky 
fracture. 

(b)  Material  manufactured  by  the  Bessemer  process  will  only  be  ac- 
cepted under  special  arrangement  with  the  Purchasing  Agent.  The 
specifications  are  the  same,  except  where  otherwise  noted. 

(c)  The  material  for  the  nuts  shall  be  soft  steel. 

Chemical.  Requirements. 
Chemical  Composition. 

6.  (a)  The  chemical  composition  of  each  melt  of  steel  by  the  Open- 
Hearth  process  from  which  the  bolts  and  spikes  are  manufactured, 
determined  as  described  in  Section  7,  shall  be  within  the  following 
limits : 

Phosphorus — Maximum    percentage 0.05 

(b)  When  manufactured  by  the  Bessemer  process,  this  material  shall 
not  contain  over  0.10  phosphorus. 

Analyses. 

7.  The  manufacturer  shall  furnish  the  inspectors  with  analyses  and 
information   in   accordance   with   the    following   requirements : 

(a)  For  each  melt  of  Open-Hearth  steel,  chemical  analyses,  from  a 
test  ingot  made  during  the  pouring  of  the  melt,  of  the  elements  carbon, 
phosphorus,  manganese,  silicon,  sulphur,  and  the  other  principal  element-. 
such  as  nickel  and  chronium,  if  an  alloy  steel,  used  to  attain  the  physical 
properties  specified  in  Section  13. 

(b)  For  Bessemer  steel,  carbon  determinations  daily  for  each  heat 
and  two  chemical  analyses  every  24  hours,  one  each  for  day  and  night 
turn  respectively,  representing  the  average  of  the  dements  carbon,  phos- 
phorus, manganese,  silicon  and  sulphur. 

(c)  A  portion  of  the  test  ingot  for  check  analyses,  upon  the  request 
of  the  inspector. 

(d)  Drillings  for  analyses  shall  be  taken  not  less  than  %  inch 
beneath  the  surface  of  the  test  ingot 

(e)  When  the  manufacturer  of  the  bolts  and  spikes  does  not  manu- 
facture his  own  billets,  the  purchaser  will  accept  from  him  a  cop\  of 
the  ladle  analysis  as  furnished  by  the  manufacturer  of  the  billets,  but 
the  material  must  be  <>f  quality  equal  or  superior  to  that  required  by  these 
articles. 
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(f)  The  purchaser  may  arrange  for  analyses  to  be  made  from 
finished  track  bolts  representing  each  melt,  which  shall  conform  to  the 
requirements  specified  in  Section  6.  Drillings  for  the  analyses  may  be 
taken  from  a  finished  track  bolt,  or  turnings  may  be  taken  from  the 
test  specimen. 

Physical  Requirements. 
Physical  Qualities. 

8.  Tests  shall  be  made  to  determine : 

(a)  Mechanical  strength. 

(b)  Ductility  or  toughness  as  opposed  to  brittleness. 

Kinds  of  Tests  Used. 

9.  The  physical  qualities  shall  be  determined  by: 

(a)  The  Tension  Test  to  find  the  Tensile  Strength  or  Ultimate 
Breaking  Stress,  the  Yield  Point,  the  Elongation  Percentage,  and  the 
Percentage  of  Reduction  of  Area. 

(b)  The  Cold  Bend  Test. 

Method  of  Testing. 

10.  (a)  The  "Tension  Test"  shall  be  conducted  in  accordance  with 
the  rules  of  the  American  Society  for  Testing  Materials,  except  where 
differences  occur  herein. 

(b)  The  "Yield  Point"  is  the  load  per  unit  of  original  cross-section 
at  which  a  marked  increase  in  the  deformation  of  the  test  piece  occurs 
without  increase  of  load,  and  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine,  or  by  the  use  of  dividers. 

(c)  When  making  the  tension  test,  the  crosshead  speed  of  the  test- 
ing machine  shall  be  such  that  the  beam  of  the  machine  can  be  kept 
balanced,  but  in  no  case  shall  the  values  of  0.50  inch  per  minute  for  yield 
point,  and  2.0  inch  per  minute  for  tensile  strength  be  exceeded,  the  speed 
being  increased  after  passing  the  yield  point. 

Pieces  for  Testing. 

11.  (a)  The  tension  test  pieces  shall  be  taken  from  the  finished 
bolts,  or  from  the  rolled  bar.  They  shall  be  cut  so  that  the  sides  of  the 
pieces  are  parallel  to  the  direction  in  which  the  bar  has  been  rolled. 

(b)  The  test  pieces  for  tension  tests  shall  be  in  the  form  of  round 
rods,  about  4%.  inches  long,  with  the  central  2-inch  length  turned  to  a 
H-inch  diameter,  and  with  the  ends  threaded  or  unthreaded  to  fit  into 
the  holders  of  the  testing  machine,  in  accordance  with  the  standard  form 
and  dimensions  for  tension  test  pieces  of  the  American  Societv  for  Test- 
ing Materials. 

(c)  Tension  test  specimens  may  be  rectangular  in  section,  in  which 
case  they  shall  not  be  less  than  V2  inch  in  width  between  the  planed  sides, 
and  shall  have  two  parallel  faces  as  rolled. 

(d)  The  test  pieces  for  the  cold  bend  test  shall  consist  of  finished 
track  bolts  and  spikes. 

Temperature  of  Test   Pieces. 

12.  The  temperature  of  the  test  pieces  shall  be  between  15.6  and  43  3 
degrees  Centigrade   (60  and  110  degrees  Fahrenheit). 

Mechanical   Strength   and   Ductility. 

13.  The  steel  used  for  making  bolts  and  spikes  must  be  capable  of 
sustaining: 

(a)  A  minimum  tensile  strength,  in  pounds  per  square  inch,  of  55,000. 

(b)  A  minimum  yield  point,  in  pounds  per  square  inch,  of  50  per 
cent  of  the  ultimate  breaking  stress. 
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(c)     A    minimum    elongation   percentage,    measured    in   2    inches,    of 
1,500,000 

-,  but  in  no  case  less  than  20. 


ultimate  tensile  strength 

(d)  A  minimum  reduction  of  area  percentage  at  point  of  fracture  of 
2,200,000 

,  but  in  no  case  under  30. 

ultimate  tensile  strength 

(e)  Cold  bending  of  the  unthreaded  part  of  the  finished  bolt,  and  of 
the  spike,  without  sign  of  fracture  on  the  outside  of  the  bent  portion, 
through  180  degrees  flat  on  itself. 

(f)  Twisting  cold  of  the  body  or  shank  of  the  spike  one  and  one- 
half  turns  without  showing  signs  of  fracture. 

Proportion   of  Tests. 

14.  Tension  and  bend  tests  shall  be  made  of.  the  test  pieces  selected 
by  the  Inspector  from  each  lot  of  50  kegs.  One  piece  shall  be  selected 
for  each  test,  and,  if  they  meet  the  requirements  of  the  specifications,  the 
lot  will  be  accepted.  If  one  of  the  test  pieces  fails,  two  additional  pieces 
shall  be  tested  in  the  same  manner  as  the  one  which  failed,  and,  if  they 
meet  the  requirements  of  the  specifications,  the  lot  will  be  accepted,  if. 
however,  either  one  of  the  pieces  fails,  the  lot  will  be  rejected.  Both 
tension  and  bend  tests  must  pass  the  requirements  for  acceptance. 

Details  of  Manufacture. 
Heating. 

15.  Neither  ingots  nor  blooms  shall  be  overheated,  so  as  to  cause 
the  cinder  to  run  when  drawn  from  the  furnace. 

Discard. 

16.  A  sufficient  discard  shall  be  made  from  each  ingot  to  secure 
freedom  from  injurious  piping  and  undue  segregation. 

Designs. 

17.  Track  bolts  and  spikes  shall  be  made  in  accordance  with  the 
standard  designs  of  the  Pennsylvania  Lines  West  nf  Pittsburgh. 

Variations   in   Dimensions. 

18.  The  allowable  variation  in  dimensions  of  bolts  and  spikes  from 
the  standard  shall  be  as  follows,  but  at  least  70  per  cent  of  each  lot  must 
be  close  to  the  dimensions  shown  on  the  standard  designs.  Otherwise, 
the  lot  will  be  rejected: 

Bolts:  Length  J^-inch  over  or  under;  Diameter  of  shank  1/64-inch 
over  or  under.  Diameter  of  rolled  thread  not  more  than  1/16-inch  over 
the  diameter  of  the  body  of  %-inch  bolts. 

Diameter  of  rolled  thread  not  more  than  3/32-inch  over  the  diameter 
of  the  body  of  1-inch  bolts. 

Variation  in  dimensions  of  elliptical  shoulders  under  head  of  bolt 
of  1/32-inch. 

Spikes:  Width  of  head,  1/16-inch  over  or  under;  Length  of  hook, 
1/16-inch  over  or  under;  S^-inch  distance  from  face  to  extreme  end  of 
lieel,  1/32-ineli  over  or  under;  Thickness  of  head,  1/32-inch  under:  \uule 
of  hook,  1  decree  over  or  under;  Shank  (measured  between  ;>  place  1 '  '_• 
inches  below  the  top  of  head,  and  the  top  of  the  spike  point"),  1  32-inch 
over  or  1/64-inch  under. 

Threads  of  Bolts. 

10.  The  threads  of  holts  must  be  clean  cut  or  rolled  full,  sharp  and 
true    to  gage,   and   be   made   in    section    and    pitch    according  to   the   V.    S. 
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Standard.  The  fit  between  the  nut  and  the  bolt  shall  be  so  accurate  that 
the  nut  can  be  run  all  the  way  up  the  thread  of  the  bolt  with  an  18-inch 
wrench,  and  will  not  rattle  or  be  a  loose  fit  when  screwed  on  the  bolt  its 
full  thickness. 

Nuts. 

20.  The  nuts  shall  be  made  of  soft  steel,  and  shall  be  of  sufficient 
strength  to  equal  the  tensile  strength  of  the  bolts. 

Finish. 

21.  All  finished  pieces  must  be  smooth,  straight,  of  uniform  size, 
with  well  shaped  symmetrical  bends  and  well  filled  heads,  free  from  checks 
or  burrs  and  injurious  mechanical  defects,  and  be  finished  in  a  first-class 
workmanlike  manner.  The  head  shall  be  concentric  with,  and  firmly 
joined  to,  the  bottom  of  the  bolt,  with  the  under  side  of  the  head  at 
right  angles  to  the  body  of  the  bolt. 

Branding. 

22.  Brands  or  marks  shall  be  pressed  on  the  head  of  the  bolt  when 
it  is  formed  to  indicate: 

(a)     The  manufacturer. 

Packing. 

23.  The  finished  pieces  must  be  carefully  selected  and  packed  in 
securely  hooped  kegs  of  two  hundred  pounds  (200  lbs.)  each.  The  nuts 
shall  be  applied  to  the  bolts  for  at  least  two  threads,  or  shall  be  screwed 
on  a  sufficient  number  of  turns  to  hold  them  on  to  destination.  All  kegs 
must  be  left  open  until  the  finished  pieces  are  accepted  or  rejected,  and 
each  keg  stamped  by  the  Inspector. 

PENNSYLVANIA   LINES. 

West  of  Pittsburgh. 

SPECIFICATIONS   FOR  QUENCHED   CARBON   AND   ALLOY 

STEEL  TRACK  BOLTS. 

Inspection. 
Acceptance. 

1.  In  order  to  be  accepted,  the  material  or  articles  ordered  must 
equal  and  fulfill  all  the  requirements  of  the  "Specifications."  If  they  do 
not  do  so,  they  will  be  rejected. 

Access  to  Works. 

2.  Inspectors  representing  the  purchaser  shall  have  free  entry  to  the 
works  of  the  manufacturers  at  all  times  while  the  contract  is  being 
executed,  and  shall  have  all  reasonable  facilities  afforded  them  by  the 
manufacturer  to  satisfy  them  that  the  track  bolts  and  nuts  are  furnished 
in  accordance  with  the  terms  of  these  specifications. 

Place  for  Tests. 

3.  All  tests,  except  check  analyses,  and  inspection  shall  be  made  at 
the  place  of  manufacture  prior  to  shipment  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  mill. 

Defect    Found    after    Delivery. 

4.  Bolts  and  nuts  which  show  injurious  defects  subsequent  to  their 
acceptance  at  the  place  of  manufacture  or  sale  will  be  rejected  and 
returned  to  the  manufacturer,  who  must  pay  the  freight  charges  both 
wavs. 
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Material. 
Material. 

5.  (a)  The  material  for  the  bolts  shall  be  of  steel  manufactured 
by  the  Basic  Open-Hearth  process,  or  shall  be  an  acceptable  alloy  steel. 
It  shall  be  homogeneous,  and  when  broken  in  tension,  show  a  uniformly 
silky  fracture. 

(b)     The  material  for  the  nuts  shall  be  soft  steel. 

Chemical  Requirements. 
Chemical  Composition. 

6.  The  chemical  composition  of  each  melt  of  steel  from  which  the 
bolts  are  manufactured,  determined  as  described  in  Section  7,  shall  be 
within  the  following  limits: 

Carbon — Minimum  percentage   0.30 

Phosphorus — Maximum  percentage    0.04 

Analyses. 

7.  The  manufacturer  shall  furnish  the  inspectors  with  analyses  and 
information  in  accordance  with   the   following  requirements: 

(a)  For  each  melt  of  Open-Hearth  steel,  chemical  analyses,  from 
a  test  ingot  made  during  the  pouring  of  the  melt,  of  the  elements  carbon, 
phosphorus,  manganese,  silicon,  sulphur  (an  unreasonable  percentage  of 
sulphur  shall  be  considered  sufficient  cause  for  rejection  of  the  melt),  and 
the  other  principal  elements,  such  as  nickel  and  chromium,  if  an  alloy 
steel,  used  to  attain  the  physical  properties  specified  in  Section  13. 

(b)  A  portion  of  the  test  ingot  for  check  analyses,  upon  the  request 
of  the  inspector. 

(c)  Drillings  for  analyses  shall  be  taken  not  less  than  %  inch  beneath 
the  surface  of  the  test  ingot. 

(d)  The  purchaser  may  arrange  for  analyses  to  be  made  from 
finished  track  bolts  representing  each  melt,  which  shall  conform  to  the  re- 
quirements specified  in  Section  6.  Drillings  for  the  analyses  may  be  taken 
from  a  finished  track  bolt,  or  turnings  may  be  taken  from  the  test  speci- 
men. 

Physical  Requirements. 
Physical  Qualities. 

8.  Tests  shall  be  made  to  determine : 

(a)  Strength. 

(b)  Ductility  or  toughness  as  opposed  to  brittleness. 
Kinds  of  Tests  Used. 

9.  The  physical  qualities  shall  be  determined  by: 

(a)  The  Tension  Test  to  find  the  Tensile  Strength  or  Ultimate 
Rreaking  Stress,  the  Elastic  Limit,  the  Elongation  Percentage,  and  the 
Percentage  of  Reduction  of  Area. 

(b)  The  Cold  Bend  Test. 
Method  of  Testing. 

10.  (a)  The  "Tension  Test"  shall  be  conducted  in  accordance  with 
the  rules  of  the  American  Society  for  Testing  Materials,  except  where 
differences   occur   herein. 

(b)  Tbe  "Elastic  Limit"  is  the  greatesi  load  per  unit  of  original 
croti  section  which  does  not  produce  ;»  permanent  set,  and  shall  be  deter- 
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mined  by  the  strain  gage,  which  shall  be  attached  to  the  test  piece  at  the 
gage  marks,  and  not  to  the  shoulders  of  the  test  piece  nor  to  any  part 
of  the  testing  machine. 

(c)  When  making  the  tension  test,  the  crosshead  speed  of  the 
testing  machine  shall  be  such  that  the  beam  of  the  machine  can  be  kept 
balanced,  but  in  no  case  shall  the  values  of  0.12  inch  per  minute  for 
elastic  limit,  and,  after  removal  of  strain  gage,  1.0  inch  per  minute  for 
tensile  strength  be  exceeded,  the  speed  being  increased  after  passing  the 
elastic  limit. 
Pieces  for  Testing. 

11.  (a)  The  tension  test  pieces  shall  be  taken  from  the  finished 
bolts,  after  final  treatment.  They  shall  be  cut  so  that  the  sides  of  the 
pieces  are  parallel  to  the  direction  in  which  the  bar  has  been  rolled. 

(b)  The  test  pieces  for  tension  tests  shall  be  in  the  form  of  round 
rods,  about  4J4  inches  long,  with  the  central  2-inch  length  turned  to  a 
^2-inch  diameter,  and  with  the  ends  threaded  or  unthreaded  to  fit  into 
the  holders  of  the  testing  machine,  in  accordance  with  the  standard 
form  and  dimensions  for  tension  test  pieces  of  the  American  Society  for 
Testing  Materials. 

(c)  Tension  test  specimens  may  be  rectangular  in  section,  in  which 
case  they  shall  not  be  less  than  V2  inch  in  width  between  the  planed  sides, 
and  shall  have  two  parallel  faces  as  rolled. 

(d).  The  test  pieces  for  the  cold  bend  test  shall  consist  of  finished 
track  bolts  after  final  treatment. 

Temperature  of  Test  Pieces. 

12.  The  temperature  of  the  test  pieces  shall  be  between  15.6  and  43.3 
degrees  Centigrade   (60  and  110  degrees  Fahrenheit). 

Mechanical   Strength   and   Ductility. 

13.  The  steel  used  for  making  bolts  must  be  capable  of  sustaining: 

Grade 
Carbon  -Alloy 

(a)  A    minimum    tensile    strength,    in    pounds    per 

square  inch,  of 100,000     110,000 

(b)  A  minimum  elastic  limit,  in  pounds  per  square 

inch,  of   70,000      85,000 

(c)  A    minimum    elongation   percentage,    measured   in    2    inches    of 

1,600,000 

,  but  in  no  case  under  12. 

Ultimate  tensile  strength 

(d)  A  minimum  reduction  of  area  percentage  at  point  of  fracture  of 

3,500,000 

,  but  in  no  case  under  25. 

Ultimate  tensile  strength 

(e)  Cold  bending  of  the  unthreaded  part  of  the  finished  bolt  with- 
out sign  of  fracture  on  the  outside  of  the  bent  portion,  through  90 
degrees  around  an  arc,  tlie  .diameter  of  which  is  three  times  the  thick- 
ness of  the  test  piece. 

Hardness   of   Nuts. 

14.  The  steel  of  the  finished  nuts,  on  both  locking  face  and  sides, 

shall  have:  An  approximate  Brinell  hardness  number  of 180. 

Proportion   of  Tests. 

15.  The  process  of  heat  treatment  may  be  either  by  quenching  suc- 
cessive charges,  or  by  the  continuous  method  of  quenching,  which  is  car- 
ried on  mechanically  and  continuously : 
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(a)  When  the  process  of  treatment  is  quenching  by  "successive 
charges,"  one  tension  and  one  bend  test  shall  be  made  from  each  quench- 
ing charge.  If  more  than  one  melt  is  represented  in  a  quenching  charge, 
one  tension  and  one  bend  test  shall  be  made  from  each  melt. 

(b)  When  the  process  of  treatment  is  "continuous,"  one  tension 
and  one  bend  test  shall  be  made  from  not  less  than  25  kegs  or  fractions 
thereof.  If  more  than  one  melt  is  represented  in  25  kegs  or  fractions 
thereof,  one  tension  and  one  bend  test  shall  be  made  from  each  melt. 

(c)  Bolts  shall  be  kegged  separately  in  accordance  with  each  quench- 
ing charge  or  melt  until  tested  and  accepted  by  the  Inspector. 

(d)  One  nut  out  of  every  50  kegs  shall  be  tested  for  hardness. 

(e)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,   it  may  be  discarded  and  another  specimen   substituted. 

(f)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is 
less  than  that  specified  in  Section  13  (c)  and  any  part  of  the  fracture  is 
more  than  54  inch  from  the  center  of  the  gage  length,  as  indicated  by 
scribe  scratches  marked  on  the  specimen  before  testing,  a  retest  shall  be 
allowed. 

Requenching. 

16.  If  the  results  of  the  physical  tests  of  any  test  lot  do  not  con- 
form to  the  requirements  specified,  the  manufacturer  may  requench  each 
lot,  but  not  more  than  three  additional  times,  unless  authorized  by  the 
purchaser,  and  retests  shall  be  made  as  specified  in  Section  15. 

, ,     ..  Details  of  Manufacture. 

Heating. 

17.  Neither  ingots  nor  blooms  shall  be  overheated,  so  as  to  cause 
the  cinder  to  run  when  drawn  from  the  furnace. 

Discard. 

18.  A  sufficient  discard  shall  be  made  from  each  ingot  to  secure  free- 
dom from  injurious  piping  and  undue  segregation. 

Designs. 

19.  Track  bolts  shall  be  made  in  accordance  with  the  standard  designs 
of  the  Pennsylvania  Lines  West  of  Pittsburgh. 

Variation   in   Dimensions. 

20.  The  allowable  variation  in  dimensions  of  bolts  from  the  standard 
shall  be  as  follows,  but  at  least  70  per  cent  of  each  lot  must  be  close  to 
the  dimensions  shown  on  the  standard  designs.  Otherwise,  the  lot  will 
be  rejected: 

Length  J^-inch  over  or  under;  Diameter  of  shank  1/64-inch  over  or 
under;  Diameter  of  rolled  thread  not  more  than  1/16-inch  over  the  dia- 
meter of  the  body  of  %-inch  bolts;  Diameter  of  rolled  thread  not  more 
than  3/32-inch  over  the  diameter  of  the  body  of  1-inch  bolts.  Variation 
in  dimensions  of   elliptical    shoulders   under   head   of   bolt    of    1/32-inch. 

Threads  of  Bolts. 

21.  The  threads  of  bolts  must  be  clean  cut  or  rolled  full,  sharp  and 
true  to  gage,  and  be  made  in  section  and  pitch  according  to  the  U.  S. 
Standard.  The  fit  between  the  nut  and  the  bolt  shall  be  so  accurate  thai 
the  nut  can  bo  run  all  the  way  up  the  thread  of  tin  holt  with  an  18-inch 
wrench,  and  will  not  rattle  or  he  a  loose  fit  when  screwed  on  the  holt 
its  full  thickness. 

Nuts. 

22.  (a)  The  nuts  made  of  soft  steel  shall  be  54-inch  thicker  than 
the  standard  nuts  used  for  untreated  bolts.  They  shall  he  of  sufficient 
strength  to  he  equal  to  the  elastic  limit  of  the  Imltv 
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(b)     Nuts  of   standard  thickness  will  be  accepted  at  the  option   of 
the  purchaser  if  proved   to  be  of   sufficient   strength   to   equal   the   elastic 
limit   of   the    bolts.      The    length    of   the    bolts    shall    be    correspondingly 
reduced. 
Heat  Treatment. 

23.  The  bolts,  at  the  proper  temperature  (which  is  about  810  degrees 
Centigrade,  or  1490  degrees  Fahrenheit),  shall  be  quenched  in  oil  or  water, 
and  be  kept  in  the  bath  until  cold  enough  to  be  handled. 

Finish. 

24.  All  finished  pieces  must  be  smooth,  straight,  of  uniform  size, 
with  well  shaped  symmetrical  bends  and  well  filled  heads,  free  from  checks 
or  burrs  and  injurious  mechanical  defects,  and  be  finished  in  a  first-class 
workmanlike  manner.  The  head  shall  be  concentric  with,  and  firmly 
joined  to,  the  bottom  of  the  bolt,  with  the  under  side  of  the  head  at  right 
angles  to  the  body  of  the  bolt. 

Branding. 

25.  Brands  or  distinguishing  marks  shall  be  pressed  on  the  head  of 
the  bolt  when  it  is  formed  to  indicate : 

(a)  The  manufacturer. 

(b)  The>heat  treatment,  by  the  letter  "Q"  for  "quenched,"  and  "QT" 
for  "quenched  and  tempered." 

Packing. 

26.  The  finished  pieces,  oiled  to  prevent  rust,  must  be  carefully 
selected  and  packed  in  securely  hooped  kegs  of  two  hundred  pounds  (200 
lbs.)  each.  The  nuts  shall  be  applied  to  the  bolts  for  at  least  two  threads, 
or  shall  be  screwed  on  a  sufficient  number  of  turns  to  hold  them  on  to 
destination.  All  kegs  must  be  left  open  until  the  finished  pieces  are 
accepted  or  rejected,  and  each  keg  stamped  by  the  Inspector. 
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(For  Report,   see  pp.   93-113.) 

Mr,  J.  R.  Leighty  (Missouri  Pacific)  : — The  subjects  assigned  to  the 
Committee  for  investigation  are  given  in  the  report  on  page  93. 

The  first  recommendation  on  page  94  is  in  error.  We  are  shown 
as  changing  the  annealing  of  rolled  steel  plates  to  the  annealing  of  rolled 
iron  plates.     We  do  not  want  to  anneal  either  one. 

We  want  to  get  at  the  last  line  at  the  bottom  of  page  119  in  the 
Manual  under  the  specification  for  steel  tie  plates,  which  should  be  cut 
out,  and  not  go  in  again,  as  the  matter  is  taken  care  of  in  connection 
with  malleable  plates.  We  have  explained  that,  and  ask  that  the  revision 
as  printed  be  accepted. 

The   President :— There   being   no   objection,   that   will  be   agreed   to. 

Mr.  Leighty: — In  connection  with  subject  (2),  the  work  of  the  Com- 
mittee on  this  subject  is  shown  on  page  97.  In  preliminary  explanation 
of  the  plan  for  type  A  switch,  I  would  say  that  there  seemed  to  be  a 
demand  for  a  switch  which  was  of  somewhat  stronger  construction 
than  those  ordinarily  used,  and  type  A  switch  has  been  designed  for 
that  purpose.  I  am  going  to  ask  criticism  of  this  design  here  on  the 
floor,  and  by  letter.  I  am  going  to  ask  further  that  in  making  criticisms 
of  this  type  A  switch,  they  be  made  from  the  standpoint  of  the  prospec- 
tive user  or  manufacturer  of  that  type  of  switch,  and  not  from  the 
standpoint  of  one  whose  demand  for  switch  material  would  be  for  type 
B.  We  have  had  some  criticisms  sent  in,  but  most  of  these  were  made 
from  the  standpoint  of  those  who  would  have  use  for  the  type  B  instead 
of  the  type  A. 

This  report  is  not  offered  for  the  purpose  of  going  into  the  Manual 
this  year,  but  simply  as  suggestions  on  design,  and  on  account  of  the 
lack  of  time,  I  do  not  believe  we  would  be  warranted  in  reading  it,  as 
its  discussion  will  be  easy,  because  it  has  been  in  your  hands  long  enough 
for  you  to  know  about  it,  and  we  will  ask  for  discussion  without  the  pre- 
liminary reading. 

The  President :— We  have  a  written  discussion  from  Mr.  Isaacs,  of 
New  York,  hut  as  the  time  is  short,  it  will  be  published  in  the  Proceed- 
ings.    Tf  there  is  no  discussion,  wc  will  proceed  to  the  next  subject. 

Mr.  Leighty: — The  statement  in  regard  to  subject  (3)  is  submitted 
as  information  only,  and  we  ask  you  to  receive  it  as  such  and  have  it 
printed   in   the   Proceedings 

The  President: — This  is  an  important  matter,  and  the  Committee  will 
be  glad  to  have  written  discussion  on  this  subject. 

Mr.  Leighty: — As  to  the  fourth  subject,  this  is  a  matter  which  has 
been  before  the  Association  for  some  /ears,  and  we  have  had  pr< 

rts  "ii  it  during  the  last  few  years,  but  nothing  specially  important 
developed  in  the  past  year  to  warrant  talcing  up  time  and  space  to 
make  :i  report  of  it. 

L26  I 
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With  reference  to  the  fifth  subject,  specifications  for  relayer  rail, 
the  Committee  considered  it  had  worked  out  a  specification  which  would 
be  satisfactory,  but  we  had  a  family  quarrel  yesterday  and  we  are  asking 
that  this  subject  be  referred  back  to  the  Committee  to  be  straightened 
out. 

The  President : — The  Committee's   suggestion   will  be  accepted. 

Mr.  Leighty : — We  have  nothing  to  report  on  the  sixth  subject,  because 
we  could  not  get  any  information.  Several  inquiries  were  sent  out  for 
information  which  would  be  useful  to  us  in  making  a  progress  report, 
but  absolutely  nothing  was  turned  in,  and  there  is  some  question  in  the 
minds  of  this  Committee  as  to  whether  or  not  this  is  a  proper  subject 
for  us  to  handle.  There  is  no  question  as  to  its  practical  importance,  but 
unless  we  have  better  support  in  our  attempt  to  get  the  necessary  informa- 
tion  from  the   members   we   cannot   get   anywhere   with   this    subject. 

With  reference  to  subject  (7),  the  design  of  cut  track  spikes,  we  ask 
that  the  matter  we  present  be  adopted  for  printing  in  the  Manual.  I 
would  so  move,  Mr.   President. 

(The  motion  carried.) 

Mr.  Leighty: — Writh  regard  to  the  eighth  subject,  the  effect  of  fast 
speed  upon  the  cost  of  maintenance  of  way  and  equipment,  what  we 
present  is  the  beginning  of  an  investigation  of  this  subject  and  is  sub- 
mitted  as   information   only. 

The  President : — This  seems  to  be  the  beginning  of  an  interesting 
subject. 

Prof.  A.  N.  Talbot  (University  of  Illinois)  : — The  data  given  in  the 
chart  on  page  112  are  very  interesting,  and  it  seems  to  me  it  is 
worth  while  to  call  attention  to  the  results  shown  by  this  diagram.  The 
diagram  gives  the  cost  of  maintenance  of  way  and  structures  per  mile 
of  road  for  different  densities  of  traffic,  for  roads  on  which  the  passen- 
ger traffic  amounted  to  7.5,  12.5,  and  20.3  per  cent,  of  the  total  traffic,  all 
measured  in  car  miles.  By  taking  any  given  density  of  traffic  and  divid- 
ing the  cost  shown  for  the  20.3  per  cent,  line  by  that  shown  for  the  7.5 
per  cent,  line,  the  average  ratio  for  several  densities  of  traffic  is  found 
to  be  about  1.4.  By  writing  an  algebraic  equation  for  the  relation  be- 
tween the  total  cost  of  freight  traffic  and  the  total  cost  of  the  passenger 
traffic  per  car  mile  or  per  mile  of  road  for  the  7.5  per  cent,  roads  and 
another  equation  for  the  20.3  per  cent,  roads;  then  dividing  one  equa- 
tion by  the  other,  and  calling  the  quotient  equal  to  1.4;  then  solving 
the  equations,  there  is  found  a  ratio  of  about  5 ;  that  is,  the  cost  per 
car  mile  for  the  passenger  traffic  is  five  times  that  for  the  freight  traffic. 
Similarly,  by  comparing  costs  on  the  7.5  per  cent,  roads  with  those  on 
the  12.5  per  cent,  roads,  an  average  ratio  of  about  1.10  is  secured. 
Going  through  a  similar  algebraic  operation  results  in  a  cost  for  the 
passenger  car  mile  three  and  one-third  times  that  for  the  freight  car  mile. 
If  the  ratio  between  the  number  of  tons  hauled  per  freight  car  and  the 
number  of  tons  per  passenger  car  were  known,  the  relative  cost  of 
freight  and   passenger  tonnage  indicated  by  these  data  could  be  told,   or 
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at  least  the  relative  influence  of  the  freight  and  passenger  traffic.  Assum- 
ing for  illustration  that  the  freight  car  loaded  and  empty  averages  .6  of 
the  corresponding  weight  of  the  passenger  car,  the  resulting  cost  of 
passenger  traffic  per  ton  mile  would  be  two  to  three  times  that  of  freight 
traffic;  if  the  freight  cars  are  relatively  heavier  than  that  given  by  the 
ratio  .6,  the  discrepancy  would  be  still  greater.  It  seems  then  that  the 
influence  of  passenger  traffic  upon  cost  of  maintenance  of  way  and  struc- 
tures, as  given  by  the  data  of  this  chart,  is  such  that  it  is  evident  that 
the  maintenance  cost  for  the  passenger  ton  mile  was  considerably  greater 
than  the  cost  for  the  freight  ton  mile. 

The  President : — I  am  sure  the  Association  is  indebted  to  Prof.  Tal- 
bot for  working  out  this  problem.  It  is  interesting.  It  gives  us  a  basis 
we  can  comprehend. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — Will  the  Chairman  make  a 
statement  regarding  the  weather  stress? 

Mr.  Leighty : — One  of  the  costs  of  the  maintenance  of  way  and  struc- 
tures is  called  weather  stress,  which  is  the  cost  that  would  have  to  be 
incurred  to  keep  the  tracks  and  other  facilities  in  the  same  operating 
condition  as  when  used,  even  though  they  were  not  used  for  traffic. 
This  cost  per  mile  of  road  is  reduced  down  to  the  line  of  zero  traffic 
on  the  diagram;  that  is,  a  projection  is  made  carrying  the  averages  found 
for  the  roads  where  there  is  traffic,  and  when  they  are  projected  down 
to  zero  traffic  we  have  an  indication  of  what  could  be  expected  to  be 
the  weather  stress  cost  on  the  different  character  of  lines.  It  is  per- 
fectly logical  in  its  conclusion,  because  on  the  average  the  railroad  with 
a  small  percentage  of  passenger  traffic  is  not  so  expensively  constructed, 
and  has  less  material  for  the  weather  to  act  upon,  as  roads  with  larger 
proportion,  and  the  weather  stress  would  be  less ;  the  first  investment  is 
not  so  great  and  the  cost  of  maintenance  is  not  so  high.  It  shows 
the  weather  stress  cost  would  increase  as  the  plant  was  kept  in  better 
condition. 

Mr.  Lindsay: — Why  does  the  Committee  use  "miles  of  road"  instead 
of  "miles  of  track?" 

Mr.  Leighty : — Because  we  automatically  include  all  the  facilities 
required  for  increasing  the  traffic.  If  we  used-  "miles  of  track"  we  would 
at  once  have  to  begin  to  adjust  matters,  and  what  we  were  after  was 
to  find  the  entire  average  cost,  including  everything  required  by  the 
traffic  as  handled. 

The  matter  which  we  submit  on  page  113,  covering  the  ninth  sub- 
ject, is  submitted  as  information.  It  does  not  properly  belong  in  the 
Manual,  and  the  only  action  we  can  take,  under  the  instruction  we  had, 
was  thai  it  be  submitted  as  information  to  the  American  Railwaj  As- 
sociation. 

(Mr.  Leighty  displayed  some  templates  used  in  measurement  of  wheel 
flanges,    as   made   at    present,    and    as    proposed    by    the    Association    of 

•  hilled    Car    Wheel     Manufacturers.) 

The   President:    The   Committee   is   dismissed,    with    the   thanks   of 

the  Association   for  its  good  work. 
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Mr.  John  D.  Isaacs   (Southern  Pacific — by  letter)  : — Referring  to  the 
16  ft.  6  in.  Split  Switch— Style  "A," 
Slide  Plates. 

Committee  proposes  that  slide  plates,  numbers  1  and  2,  made  of  a 
special  solid  rolled  plate  1  in.  thick,  planed  down  for  the  base  of  rail 
to  a  thickness  of  ii  in.  There  is  a  serious  objection  to  a  special  plate 
in  that  it  is  not  readily  obtained.  It  is,  therefore,  recommended  that  there 
be  used  54  in.  thick  plates  with  stamped  risers,  with  the  braces  riveted 
on  or  with  the  plate  turned  up  at  the  ends  to  act  as  stops  for  the  rail 
braces.  Such  an  arrangement  not  only  saves  the  more  expensive  thicker 
plate,  but  also  saves  a  waste  of  labor  and  material  due  to  planing  out 
the  slot  for  the  main  rail  and  planing  the  1  in.  plate  down  to  a  thick- 
ness of  ii  in.  Besides  this  the  54  in.  thick  slide  plate  gives  greater 
strength. 

Heel   Plates. 

Committee  proposes  heel  plates  \l/4  in.  thick,  planed  out  to  main- 
tain the  switch  rail  for  its  entire  length  iV  in.  above  the  stock  rail.  To 
accomplish  this  1*4  in.  plates  are  planed  down  to  a  thickness  of  }h  in. 
It  is  doubtful  that  this  elevation  of  the  point  rail  throughout  its  length 
is  worth  the  difference  in  cost  and  material  necessary  to  accomplish  it 
and  it  is,  therefore,  recommended  that  flat  plates  54  in.  thick  by  8  in. 
wide  be  used,  bringing  the  switch  point  down  to  the  level  of  the  stock 
rail  before  reaching  the  heel  of  the  switch  and  making  %  in.  vertical 
bend  in  the  point,  as  per  present  common  practice.  By  doing  this  the 
necessity  of  right  and  left  hand  heel  plates  is  obviated.  It  is  objection- 
able to  attempt  punching  a  54  in.  spike  hole  through  a  1*4  in-  plate,  and, 
furthermore,  the  holding  power  of  a  spike  is  less  on  a  1J4  in.  plate  than 
on  a  ^4  in.  plate. 

Committee's  plans  require  the  1%  in.  heel  plates  to  be  slotted  to 
hold  the  track  to  gage,  which  could  be  accomplished  much  better  by 
means  of  heel  blocks,  in  general  use  at  the  present  time,  and  which 
maintain  the  switch  points  at  the  proper  spacing  at  the  heel  of  the 
switch. 

Braces. 

Committee's  plans  call  for  braces  which  are  not  in  proportion  to  the 
width  of  the  plate.     It   is   recommended   that   wider  braces  be  used. 
Gage   Plates. 

Committee's  plans  show  no  gage  plates.  It  is  strongly  recommended 
that  at  least  one  gage  plate  be  used  with  a  16  ft.  6  in.  switch.  Many 
roads  use  two  gage  plates  on  this  length  of  switch,  the  second  plate 
being  used  on  the  fourth  tie  from  the  point.  The  slide  plates  shown 
are  not  adaptable  for  gage  plates. 

If  slide  plates  as  recommended  above  (under  heading  "Slide  Plates"' 
should  be  adopted,  it  will  be  feasible  to  use  the  same  type  of  gage  plate, 
which  is  of  considerable  importance,  as  many   roads  insist   on   using  .yam' 
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plates  on  their  switches.     Where  gage  plates  are   insulated,   it   is   recom- 
mended that  insulation  be  as  per  blueprint  CS-65-A,   attached. 
Throw  at  Points. 

Committee  recommends  a  throw  of  4rA  in.  at  the  first  rod  and  not 
greater  than  5  in.  nor  less  than  4  in.  at  the  point.  It  is  recommended 
that  this  be  changed  to  a  straight  5  in.  throw  at  the  point  without  a 
minimum  or  maximum  variation,  so  that  all  switch  stands  may  be  made 
for  one  throw.  .Five  in.  throw  at  the  point  is  standard  on  most  western 
lines. 
Length  of  Switch. 

Committee  has  presented  drawings  for  Nos.  6,  8  and  10  frogs  and 
show  two  switches,  Style  A  and  Style  B,  both  16  ft.  6  in.  long.  It  is 
questionable  whether  a  16  ft.  6  in.  switch  should  be  used  for  a  No.  6 
turnout  and  it  is  recommended  that  a  11  ft.  or  15  ft.  switch  lie  substi- 
tuted. 
Spread  at  Heel. 

Committee's  drawings  show  a  6^4  in.  spread  at  heel.  This  is  made 
necessary  because  a  heel  block  is  not  used  and  more  room  is  needed 
at  the  heel  of  the  switch  to  apply  the  inside  angle  bars.  It  is  standard  on 
western  lines  to  use  a  $l/>  in.  spread  at  the  heel  and  to  adopt  a  spread 
of  6lA  in.  would  compel  the  western  lines-  to  change  all  of  their  turnout 
rails  on  account  of  the  changed   leads. 

Location  of  Rods. 

Committee's  plans  show  the  tie  rods  spaced  20  in.  from  the  head 
rod  It  is  recommended  that  this  rod  be  placed  between  the  third  or 
fourth  ties  or  about  3  ft.  2  in.  from  the  head  rod,  thus  facilitating  the 
work  of  the  track  man,  making  it  possible  for  him  to  properly  tamp  all 
the  ties  and  hold  the  switch  points  to  the  stock  rail  more  rigidly. 

Insulation   of   Rods. 

Committee's  plans  show  the  ends  of  the  rod   open  in  the   insulated 

joint,    which   is    liable   to  cause   a    short    circuit.      It    is    recommended    that 
tbis^  be  overcome  by  arranging  the  fiber  as  shown  on  bhieprinl  CS  65-  V 

attached. 

Reinforcing   of   Points. 

i  ommittee's  drawings  show  the  switch  points  reinforced  on  both 
tides.  It  is  suggested  thai  one  side  reinforcemenl  is  sufficient  and  more 
economical  and  is,  therefore,  recommended. 

Planing  of  Points. 

Committee's  plans  show  a  planing  of  points  winch  is  widehj  different 
from  the  method  used  by  the  western  lines,  and,  if  adopted,  would 
cause  an  unnecessary  change  in  the  standards  of  those  lines.  It  is  sug 
I  thai  this  be  taken  into  consideration  and  thai  .it  leasl  an  alternative 
plan  be  adopted,  using  the  planing  as  it  is  now  used  on  the  western 
railways,     Bhieprinl  CE  770  shows  the  planing  as  proposed  by  the  Com 
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mittee  and  blueprint  771   shows  the  planing  generally  used  by  the  western 
lines.     The  advantages  of   the  planing  shown   on  blueprint   CE-771    are: 

1.  A  stronger  point. 

2.  More-  of  the  point  fits  under  the  head  of  the  >tock  rail  to  act 
as  a  hold-down. 

Angle   Bars. 

It  is  recommended  that  one  pair  of  bent  and  planed  angle  bars  with 
pipe  thimbles  for  each  switch  be  adopted  to  provide  an  easier  movement 
of   the   switch    points. 

Heel   Drilling. 

•nmittee    proposes    lor    the    16    ft.    6   in.    Style    A    switch,    six-hole 
angle  bars.      It   is  recommended   that   four-hole  angle  bars  be   substituted 
on  account  of  the  movement  of  the  switch  point- 
Styles  of  Switches. 

Committee  has  recommended  two  styles  of  switches,  Style  A  and 
Style  B.  It  is  recommended  that  this  be  modified  to  make  Style  A 
applicable  to  raiK  heavier  than  100  pounds  per  yard  and  that  in  place 
of  the  Style  B  switch,  Common  Standard  split  switches,  as  per  plan- 
CS-244  and  256,  blueprints  attached,  be  substituted. 

Rigid   Frogs. 

Committee's  drawings  for  Style  A  rigid  frogs  show  two  cast  iron 
filler-.  Cast  iron  fillers  have  been  discarded  for  years  on  many  roads 
and  it  is,  therefore,  recommended  that  this  frog  be  eliminated  entirely. 
Style  I'  frog  does  not  appear  to  be  as  good  as  Common  Standard  Rigid 
as  per  plan  (~"S-30034,  blueprint  attached,  and  it  is,  therefore,  recom- 
mended  that   latter   be   adopted. 

Switch    Layout. 

Committee's  typical  plan  of  a  No.  10  turnout  shows  the  head  block 
and  switch  stand  located  on  the  main  line  side  of  the  turnout.  As  this 
i-  a  location  to  be  avoided,  it  is  recommended  that  the  switch  stand  and 
head  blocks  be  shown  on  the  turnout  side  and  that  a  note  be  added  to 
the  drawing  to  the  effect  that  "When  necessary  for  safety  or  other  good 
reason,  switch  stand  for  crossovers  may  be  placed  cm  main  line  side  of 
track." 

Note  -The  Track  Committee  calls  attention  to  the  fact  that  it  has 
been  decided  to  accept  the  recommendation  of  change  in  head  block-  on 
the  layout  plan,  and  that  it  has  provided  two  styles  of  switches  and 
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*SCREW-SPIKE  AND  TIE-PLATE  TEST 

Pennsylvania  Railroad  System. 

LABORATORY   AND    TRACK    SERVICE    TESTS    OF   SCREW- 
SPIKES    AND    TIE-PLATES. 

Report  of  Committee. 

April  27,  1917. 
Mr.  Elisha  Lee, 

General  Manager,  P.  R.  R.   Co. 
Mr.  D.  F.  Crawford, 

General  Manager,  Pennsylvania  Lines  West. 
Dear  Sirs : — 

Your  Committee  appointed  in  June,  1908,  for  the  purpose  of  investi- 
gating the  screw-spike  as  a  rail  fastening,  begs  to  submit  its  report  of  the 
work  done  and  conclusions  reached. 

Reports  have  been  submitted  to  you  from  time  to  time  reciting  the 
progress  of  the  tests  of  screw-spikes  and  tie-plates,  at  Birmingham,  Pa., 
and  Wooster,  Ohio.  The  last  report  (No.  13)  was  sent  you  February  24, 
1916. 

The  present  seems  an  opportune  time  to  recount  the  knowledge 
gleaned  from  the  experiments  and  from  laboratory  tests. 

The  behavior  of  the  several  types  of  rail  fastenings  in  the  Wooster 
experiment  was  the  same  as  in  the  Birmingham  experiment,  but  owing 
to  the  lighter  curves  and  lighter  traffic  at  Wooster  the  developments  were 
much  slower,  the  track  at  Wooster  after  six  years'  service  being  in  almost 
precisely  the  same  condition  as  that  at  Birmingham  after  three  years' 
service. 

The  history  of  the  Birmingham  and  Wooster  experiments  is  recited 
in  the  records  which  accompany  this  report,  and  for  track  on  ties  in 
stone  ballast  the  conclusions  reached  are  as  ^follows : 

1.  Screw-spikes  have  no  advantage  over  nail-spikes.  When  used 
with  clips  without  tie-plates,  the  cutting  of  the  rail  into  the  tie  permits 
the  rail  to  slip  under  the  clip,  thus  widening  the  gage. 

2.  No  satisfactory  device  is  known  for  resetting  screw-spikes  after 
the  thread  in  the  wood  has  been  destroyed.  When  some  of  the  screw- 
spikes  in  the  Birmingham  experiment  became  so  loose  that  they  could  bo 
extracted  with  the  ringers,  the  committee,  after  considering  the  several 
devices  for  securing  screw-spikes,  selected  the  Lakhovsky  split  lining 
(photo,  p.  64  of  record)  and  666  of  these  devices  were  applied  to  loose 
screw-spikes,  at  a  cost  of  6.82c  each  for  material  and  9c  for  labor  in  oak- 
ties  or  7c  in  pine  tics.  This  device  did  not  prove  effective,  as  the  spike- 
soon  became  loose  again  by  turning  back.  It  seems  evident  that  there 
is  not  sufficient  friction  between  the  metal  surfaces  of  the  screw  and  the 
lining  to  prevent  the  spike  from  turning.  The  hardwood  plug  method, 
which  is  extensively  used  abroad,  was  next  tried,  using  locust  plugs  of 
the  same  shape  and  size  with  relation  to  spike  as  the  wooden  plugs  used 
in  France.    This  method  was  also  unsuccessful,  the  spikes  soon  becoming 

again.  A  laboratory  test  of  32  screw-spikes  in  plugged  holes,  and 
12  standard  nail-Spikes  driven  in  oak  ties  in  the  ordinary  way,  showed 
that  the  average  resistance  to  extraction  was  the  same  for  the  screw- 
spikes  as  for  the  nail-spikes,  viz.,  5,000  lbs.  At  least  a  part  of  the  plug 
was  always  extracted  with  the  spike.  The  Collet  Trenail,  which  consists 
of  a  large  hardwood  plug  threaded  on  the  outside  and  screwed  into  the 
tie,  was  not  considered  advisable  on  account  of  the  injury  to  the  tie  by 
boring  holes  of  such  large  diameter  as  is  necessary.  The  Tenax  lining 
was  discarded  as  it  is  similar  to  the  I.akhovskv  and  has  the  same  ob- 
jections. The  Thiollier  Helical  Lining  was  considered  but  m 
for  the  reason  that  it  cannot  be  applied  to  track  in  service.    It  was  also 

i  (.,  iii.-    \m.  1 1.  m  Rallwaj  Engineering    Association  through  cour 
of  \v.  O.  Coughlin,   Engineer  Maintenance  ol   V7aj     Pennsylvania 
Chairman  of  the  Committee 

8 


4  SCREW-SPIKE  AND  TIE-PLATE  TEST 

thought  to  have  the  same  objection  as  the  Lakhovsky,  viz.,  that  the  metal 
surfaces  would  not  possess  sufficient  friction  to  prevent  the  screw  from 
turning  back.  [Proceedings  American  Railway  Engineering  Association, 
Vol.  15,  1914,  Part  2,  p.  265.] 

3.  The  first  cost  and  maintenance  cost  of  track  equipped  with  screw- 
spikes  are  both  considerably  in  excess  of  those  of  track  equipped  with 
nail-spikes,  as  shown  in  detail  in  statement  of  annual  cost  of  maintenance 
of  Birmingham  and  Wooster  experiments  (p.  19  of  record).  The  aver- 
age first  cost,  at  Birmingham  and  Wooster,  of  ties  and  rail  fastenings 
for  1,000  feet  of  track  with  tie-plates  and  nail-spikes  was  $1,044,  while 
that  of  similar  track  with  screw-spikes  was  $1,782,  or  an  increase  of  71 
per  cent.  The  universally  admitted  higher  first  cost  of  screw-spike  track 
can  only  be  justified  by  a  corresponding  decrease  in  the  cost  of  mainte- 
nance. Such  a  decrease  was  not  effected  in  this  experiment;  on  the  con- 
trary, the  average  annual  maintenance  cost  of  the  nail-spike  track  was 
$338,  and  that  of  the  screw-spike  track  $593,  or  an  increase  of  75  per  cent. 
Where  tie-plates  were  not  used  (which  in  heavy  service  tracks  is  of 
course  practicable  only  on  straight  track  on  account  of  the  rapid  cutting 
of  the  rail  into  the  ties  on  curves)  the  same  relation  obtained,  though  in 
lesser  ratio,  the  first  cost  of  the  nail-spike  track  being  $812  and  that  of 
the  screw-spike  track  $1,087,  an  increase  of  33  per  cent.;  the  maintenance 
of  the  former  $309  and  that  of  the  latter  $396,  an  increase  of  30  per  cent. 
While  derailed  equipment  has  not  at  any  time  during  the  experiment 
damaged  the  track  sufficiently  to  throw  it  out  of  service,  thereby  neces- 
sitating quick  repairs,  our  record  of  installation  of  the  screw-spike  track- 
indicates  that  in  such  a  case  the  time  required  to  repair  screw-spike  track 
would  be  more  than  60  per  cent,  greater  than  would  be  required  for  nail- 
spike  track,  with  the  same  number  of  spikes,  and  tie-plates  of  similar 
pattern,  even  if  ties  already »bored  for  the  screw-spikes  were  at  hand. 
In  the  event  of  an  accident  destroying  any  considerable  stretch  of  track, 
the  avoidance  of  the  delay  to  traffic  which  would  be  occasioned  by  the 
excess  time  required  to  make  repairs  with  screw-spikes  would  justify 
the  use  of  nail-spikes  for  temporary  repairs,  and  the  subsequent  applica- 
tion of  screw  fastenings,  with  the  waste  of  material  involved,  would 
greattly  increase  the  cost  of  repairing  track  after  wrecks. 

4.  Cow-hair  pads  as  applied  in  this  test  have  no  value  as  a  protec- 
tion for  the  tie,  as  they  were  quickly  squeezed  out  from  under  the  tic- 
plates  where  the  traffic  was  heavy. 

5.  The  7  inch  by  9  inch  by  -re  inch  plate  is  inadequate  for  pine  ties, 
or  even  for  oak  ties,  under  the  heaviest  traffic  on  the  P.  R.  R.,  and  lob- 
lolly or  sap  pine  ties  are  not  suitable  for  such  traffic  even  with  very  large 
tie-plates.  The  maximum  load  sustained  by  a  tie-plate  under  100-lb.  rail 
is  about  45  per  cent,  of  the  load  imposed  by  the  wheel  and,  under  our 
heaviest  equipment  (including  dynamic  augment  and  impact),  is  about 
26,000  lbs.  on  tangents  and  the  outer  rail  of  curves,  and  36,000  lbs.  on  the 
inner  rail  of  sharp  curves. 

6.  While  the  7  inch  by  9  inch  by  t^i  inch  tic-plates  were  found  too 
small  under  heavy  traffic,  it  is  not  determined  whether  the  7  inch  by 
13r/2  inch  by  H  inch  tie-plates  or  the  specially  designed  wrought-  and 
cast-iron  tie-plates  of  greater  area  and  thickness,  for  the  more  uniform 
distribution  of  the  load,  will  prove  economical  and  save  enough  in  the 
less  cutting  of  the  tie  to  pay  for  the  additional  cost.  The  cost  of  mainte- 
nance with  screw-spike  fastenings  and  7  inch  by  13^  inch  by  H  inch  tie- 
plates  is  greater  than  with  nail  fastenings  and  7  inch  by  9  inch  by  it  inch 
tie-plates. 

7.  Tie-plates  when  flat  and  symmetrical  cut  more  rapidly  into  the 
tie  at  the  outer  edge,  thus  canting  the  rail.  Thev  therefore  should  be  so 
designed  as  to  bring  the  line  of  thrust  as  near  the  center  of  the  plate  as 
practicable. 
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8.  When  necessary  to  slot  joint  bars  to  permit  the  use  of  clips  the 
slots  should  be  semi-circular  in  shape,  as  large  rectangular  slots  weaken 
the  joint  bars,  causing  breakage. 

When  your  Committee  inspected  the  screw-spike  track  on  the  Dela- 
ware, Lackawanna  &  Western  Railroad  and  the  New  York,  New  Haven  & 
Hartford  Railroad,  as  noted  in  our  13th  report,  the  maintenance  of  way 
officers  of  these  roads  stated  that  screw-spikes  were  giving  entire  satis- 
faction and  had  been  adopted  as  standard. 

It  should  be  borne  in  mind,  however,  that  new  screw-spike  track- 
was  compared  with  ordinary  nail-spike  track,  and  it  is  probable  that,  if  a 
section  of  the  latter  had  been  laid  new  at  the  time  of  the  installation  of 
the  screw-spike  track,  its  performance  would  have  been  as  satisfactory 
as,  and  its  maintenance  cost  less  than,  that  of  the  screw-spike  track,  as 
was  the  case  at  Birmingham  and  Wooster. 

We  are  advised  that  the  daily  traffic  over  the  screw-spike  track  on 
the  Delaware,  Lackawanna  &  Western  Railroad  is  about  71,000  tons 
and  on  the  New  York,  New  Haven  &  Hartford  Railroad  about  83.000  tons. 
The  traffic  on  the  experimental  track  at  Birmingham  averaged  140,000 
tons  per  day,  and  at  Wooster  53,000  tons  per  day.  As  the  tonnage  at 
Birmingham  is  about  twice  that  on  the  Lackawanna  and  New  Haven 
roads,  it  is  probable  that  when  the  tonnage  on  the  latter  roads  reaches 
the  total  carried  by  the  Birmingham  experimental  track  their  results  will 
not  be  any  more  favorable  than  ours  to  the  screw-spike. 

The  screw-spike  track  at  Greenwich.  Conn..  New  York,  New  Haven 
&  Hartford  Railroad,  is  now  in  about  the  same  condition  as  when  in- 
spected by  the  Committee  in  November.  1913,  except  that  the  cutting  of 
the  tie-plates  into  the  ties  has  increased  slightly;  the  penetration  does  not 
exceed  J/£  inch.  Some  of  the  ties  show  evidence  of  slight  decay,  but  they 
all  seem  good  for  at  least  three  years'  additional  service.  Most  of  the 
screw-spikes  are  standing  up  from  *4  to  y2  inch  clear  of  the  rail  and  a 
few  are  up  an  inch  or  more  (which  docs  not  indicate  any  superiority  oi 
the  screw-  over  the  nail-spike).  No  cases  were  found  where  the  screw- 
thread  in  the  tie  has  been  destroyed. 

The  Delaware,  Lackawanna  &  Western  Railroad  is  now  experiment- 
ing with  a  new  fastening  in  which  the  tie-plate  is  secured  by  bolts  ex- 
tending through  the  tie  and  a  metal  plate  underneath  the  tic  [Engineering 
News,  10/19/16,  p.  7271.  This  would  seem  to  indicate  that  screw-spikes 
have  not  proved  altogether  satisfactory. 

Mr.  Louis  Yager,  Acting  Engineer  Middle  West,  Northern  Pacific  Kail- 
way,  writes  [Engineering  News,  3/15/17,  p.  4191  that  his  company  in 
1915  began  experiments  with  rail-chairs  having  bolt  Fastenings,  "the 
screw-spikes  used  in  the  test  tracks  not  having  proved  very  satisfactory." 
In  conclusion,  it  may  be  said  that  throughout  this  experiment  as  else- 
where, it  has  been  evident  that  there  is  no  danger  to  traffic  from  failure 
of  ordinary  nail-spikes  either  by  shearing  or  extraction,  and  the  question 
of  securing  greater  holding  power  by  the  use  of  screw  spikes  is  solely 
a  matter  of  economy,  so  that  in  order  to  justify  its  use  the  screw-spike 
must  accomplish  a  reduction  in  cost  of  track  maintenance  sufficient  to 
offset  its  higher  first  cost.  This  result  has  not  been  accomplished — in 
fact,  the  screw-spike  has  not  only  been  more  costly  to  maintain,  but  also 
less  reliable  than  the  nail-spike,  and  while  it  hol<js  better  .it  first,  owing 
to  its  greater  initial  resistance  to  extraction,  it  becomes  entirely  1""-' 
under  continued  raising  by  the  undulating  action  of  the  rail.  The  nail 
spike  under  similar  circumstances  '-til!  retains  a  very  considerable  por- 
tion of  its  holding  power. 

peel  fully  submitted, 

(Signed)    W,   G     CoUGHLIN,   Chairman ; 

G    w   i  ri  h.n  W    C,  Co  m  A.  C.  Siiaxp. 

R.  Tkimp.i  i  F.  T.  Hatch,  C.  H    Niemi 

Committee    Oil    Screw  Spike   Test 
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♦SCREW-SPIKES  AND  TIE-PLATES. 

Experiments    Conducted    by    Joint    Committee    of    Pennsylvania    System, 
Lines  East  and  West,  1910  to  1915. 

PERSONNEL    OF    COMMITTEE. 

In  June,  1908,  the  General  Managers  of  the  Lines  East  and  West 
(W.  W.  Atterbury  and  G.  L.  Peck)  by  direction  of  President  James 
McCrea,  appointed  a  "Joint  Committee  on  Screw-Spike  Test"  consisting 
of  the  following  officers: 

J.  T  Richards,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania 
Railroad  (Chairman)  ;  L.  R.  Zollinger,  Engineer  Maintenance  of  Way, 
Pennsylvania  Railroad;  G.  W.  Creighton,  General  Superintendent,  Eastern 
Pennsylvania  Division;  R.  Trimble,  Chief  Engineer  Maintenance  of  Way. 
Northwest  System,  Pennsylvania  Lines  West;  W.  C.  Cushing,  Chief 
Kngineer  Maintenance  of  Way,  Southwest  System,  Pennsylvania  Lines 
West ;  T.  H.  Johnson,  Consulting  Engineer,  Pennsylvania  Lines  West. 

In  July,  1913,  Mr.  Zollinger  was  appointed  Chairman  to  succeed  Mr. 
Richards  and  A.  B.  Clark,  Assistant  Engineer  Maintenance  of  Way,  was 
added  to  the  membership  of  the  committee.  Mr.  Zollinger  died  in 
October,  1913,  and,  in  February,  1914,  W.  G.  Coughlin,  Engineer  Mainte- 
nance of  Way,  was  appointed  Chairman.  The  vacancy  caused  by  the 
death  of  T.  H.  Johnson,  April  15,  1914,  was  filled  by  the  appointment  in 
May,  1914,  of  F.  T.  Hatch,  Chief  Engineer,  Vandalia  Lines,  and  in 
August  of  the  same  year  A.  C.  Shand,  Chief  Engineer,  Pennsylvania 
Railroad,  was  added  to  the  membership.  The  present  membership  of 
the  committee  is  as  follows: 

W.  G.  Coughlin  (Chairman)  ;  G.  W.  Creighton  (died  June  2,  1917)  ; 
R.  Trimble,  W.  C.  Cushing,  A.  B.  Clark  (superseded  bv  C.  H.  Niemever 
September  28,  1916)  ;  F.  T.  Hatch,  A.  C.  Shand. 

INSTRUCTIONS. 

The  Committee  was  instructed  to : 
fl.     Decide  upon  the  type  of  screw  to  be  tested. 

2.  Prepare  explicit  instructions  in  regard  to  its  application. 

3.  Map  out  a  common  method  of  recording  results  obtained  as  to 

cost  of  application  (wear,  etc.). 

4.  Select  the  points   for  such   tests,   having  in  view   alignment   ar,d 

grade  at  which  they  shall  be  made.  Also  any  other  points  and 
specifications  not  covered  by  the  above  suggestions. 
The  Committee,  at  its  first  meeting,  June  16,  1908,  decided  that,  in 
view  of  the  fact  that  the  screw-spike  experiments  must  be  made  on 
curves  where  tie-plates  are  used  and  also  on  softwood  ties  requiring 
tie-plates,  it  would  be  desirable  to  experiment  with  the  various  forms  of 
tie-plates  in  conducting  the  screw-spike  test. 

LOCATION. 

The    locations    selected    for   the  -experimental    track    were    in    No.    1 
ard    passenger    and    freight    track    east    and    west    of    Birmingham, 
Middle  Division,  Pennsylvania  Railroad,  and  in  No.  1   westward  passen- 
ger   and    freight    track    east    of    Wooster,    Eastern    Division,    Northwest 
System,  Pennsylvania  Lines  West.     (See  insert  pp.  32  and  33.) 

•Record  compiled  by  J.  Craig  Crawford,  Assistant  Engineer,  Pennsyl- 
vania Railroad. 
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TYPES   OF   TIE-PLATES   AND    FASTENINGS. 

*After  a  very  thorough  investigation  of  the  experience  of  foreign 
railroads  with  screw-spikes,  plans  were  prepared  for  seven  types  of  rail 
fastenings,  Nos.  1,  4,  6  and  7  to  be  used  on  oak  and  pine  ties,  Nos.  2 
and  3  (without  tie-plates)  to  be  used  on  oak  ties  only.  No.  5  was 
eliminated.  All  ties  to  be  creosoted  and  one-half  of  each  section  to  be 
laid  with  cow-hair  pads.  (See  insert  page  32  for  sketches  of  various  types, 
pp.  31  to  36  inc.  for  detail  plans  of  the  tie-plates,  spikes,  etc.,  and  pp.  37 
to  43  for  photos  of  the  several  types  of  track.)  Detailed  instructions 
for  the  installation  and  inspection  of  the  experimental  track,  and  blanks 
for  reports  were  prepared  (See  pp.  43  to  51). 

INSTALLATION. 

During  November  and  December,  1909,  and  January,  1910,  the  track 
at  the  adopted  location  east  and  west  of  Birmingham,  Pa.,  was  prepared 
by  putting  in  fresh  ballast,  preparing  for  thorough  drainage,  etc.,  and 
ten  sections  of  experimental  track,  each  1,000  feet  long,  were  installed 
as  shown  and  described  on  location  plan  on  insert  page  32,  and  signboards 
bearing  a  description  of  material  and  appliances  were  erected  at  each  end 
of  each  section.  During  the  last  eight  months  of  1910  the  same  was  done 
east  of  Wooster,  Ohio.  Some  bad  ties  were  used  in  the  Birmingham 
track,  as  follows : 

Type  la    lb      2       3     4a    4b    6a     6b    7a     7b  Ttl. 

Split    4     .  .      . .     17       1       1       1       1       1     . .     26 

Soft    1     ..      ..       2 1     ..      ..       4 

Wind  Shaken    1       2       2     4       1     . .     10 

Decayed   Heart 1     ..     ..       3     ..       1     ..       5 

Bad  Knot 1 1 

Transverse  Crack 1     . .       1 


Total  5       1       3     22       1       1       4       6       4..     47 

The  bad  ties  in  types  2,  3,  4a  and  4b,  6a  and  6b,  remained  until  these 
types  were  eliminated  from  the  experiment — types  4a  and  4b  in  October, 
1911,  types  2  and  3  in  April,  1913,  and  types  6a  and  6b  in  May,  1914. 
Those  in  type  lb  were  renewed  in  January,  1913,  type  la  in  August. 
1913,  and  type  7a  in  November,  1913. 

In  less  than  a  month  after  installation  the  cow-hair  pads  began  to  be 
squeezed  out  from  under  the  tie-plates  in  the  Birmingham  track  and  in 
six  months  they  were  nearly  all  out.     (See  photos,  pp.  52,  53,  54  and  55.) 

PERFORMANCE    OF    EACH    TYPE. 

Birmingham  Service  Test. 

Type  1a — Birmingham — Standard  track  with  standard  7  inch  by  9  inch 
by  7/16  inch  tie-plates  and  standard  nail  spikes.  Oak  tie.  In- 
stalled November,  1909. 

No  deterioration  of  any  kind  for  one  year  eight  months,  when  ties 
began  to  show  cutting  under  outer  edge  of  tie-plates  on  inner  side  of 
cure.  This  cutting  continued,  and  one  year  later  it  was  found  necessary 
in  some  places  to  adze  the  ties  under  the  low  rail.  On  52  of  the  ties 
the  plates  were  at  that  time  embedded  Y&  inch  or  more,  and  after  3 
years  and  7  months  69  ties  were  cut  to  this  extent  or  more.  After  four 
years'  three  months'  service,  87  of  the  tics  were  cut  f^  inch  or  more, 
nearly  all  of  the  ties  on  the  curve  had  been  adzed,  and  10  tics  were 
removed  on  account  of  wear.  Otherwise  track  was  in  good  condition 
until  its  elimination  from  the  experiment  in  November,  1**1-4-  (five  years' 
service)  on  account  of  the  rail  being  changed  from  100  lbs.  to  125  lbs. 
section,  which  involved  changing  the  tie-plates. 

•Proceedings,  American  Railway  Engineering  Association,  Vol.  10.  Part 
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Type  1b Birmingham — Standard  track  with  standard  7  inch  by  9  inch 

by  7/16  inch  tie-plates  and  standard  nail  spikes.     Pine  ties.     In- 
stalled November,  1909. 
After    six    months'    service,    tie-plates   began    cutting   perceptibly   into 
the   tics,   indicating   that  the   7   inch   by  9   inch   tie-plates   were  too   small 
oftwood    ties    and,    as    cutting    was    much    more    pronounced    under 
outer   edge   of   tie-plate,  it   was   evident   that  tic-plates   should  have  outer 
ends  longi  r  than  the  inner.     Accordingly  the  standard   plan  of  tie-plates 
on  the   Lines   East  was,  in  January,   1911,  changed,  increasing  the  length 
of  th    plal  inch   at   the  outer  end.     A   similar  change  had   previously 

been  made  on  the  Lines  West,  the  increase  being  J/>  inch.  It  was 
apparent  that  a  7  inch  by  9  inch  tie-plate  was  utterly  inadequate  for  pine- 
ties  or  even  for  oak  ties  under  the  heavy  traffic  at  this  point  and  that 
pine  ties  would  not  be  suitable  for  such  locations,  even  with  very  large 
tie-plates.  After  a  service  of  2  years  and  11  months  232  of  the  ties 
(about  40  per  cent.)  were  cut  yi  inch  or  more,  and  in  3  years  and  7 
months  267  ties  were  cut  this  amount.  After  four  years'  and  three 
months'  service  nearly  all  the  ties  on  the  curve  had  been  adzed  under 
the  low  rail,  175  had  been  removed  on  account  of  wear  and  196  others 
were  cut  H  inch  or  more.  After  5  years  and  5  months  359  ties  were  cut 
that  amount.  In  May,  1915,  92  ties  were  renewed  on  account  of  being  cut 
by  plates,  making  a  "total  of  267  renewed  for  this  cause;  48  other  ties 
were  renewed  in  June,  1912,  account  damage  from  derailed  equipment, 
at  which  time  257  other  tics  were  cut.  Otherwise  track  continued  in 
good  condition  until  the  conclusion  of  the  experiment,  July  31,  1915. 

Type  2 — Birmingham — Standard  track,  standard  nail  spikes,  no  tie- 
plates.  Oak  ties,  installed  December,  1909. 
After  five  months  the  cutting  of  the  ties  by  the  rail  was  noticeable, 
but  the  penetration  was  only  about  3/16  inch  after  1  year  7  months' 
service,  and  ]4  inch  to  Y&  inch  after  2  years  and  4  months.  After  2  years 
and  10  months,  72  ties  were  cut  l/2  inch  or  more,  and  161  ties  were  cut 
•3  s  inch  to  lA  inch  after  a  service  of  3  years  and  4  months,  when  (April, 
1913)  this  section  was  eliminated  from  the  experiment  owing  to  the 
failure  of  Type  3  with  which  it  was  being  compared.  The  canting  of 
the  rail  was  slight,  the  gage  widening  only  3/16  inch. 

Type   3 — Birmingham — Screw-spikes   with    rolled    clips.      No   tie-plates. 

Oak  ties.     Installed  December,  1909. 

The  rail  cut  into  the  ties  in  the  same  manner,  but  not  quite  as  fast 

as   in  the  case  of  Type  2.     After  one  year  about  a  dozen  of  the  clips 

loose.     In  two  years  four  months  29  ties  were  cut  l/$  inch  to  5/16 

inch,  293  clips  and  41  spikes  were  loose,  and  after  3  years  and  4  months 

451   clips  and  114  spikes  were  loose.     At  this  time   (April,  1913)   the  rail 

had  penetrated  the  ties  a  distance  equal  to  the  thickness  of  the  base  of 

the    rail    at    its    edge,    which   permitted    the    rail   to    slip    under   the   clips. 

thus   widening  the  gage.     This  type  was  therefore   eliminated   from   the 

experiment. 

Type  4a — Birmingham — Screw-spikes,   rolled   clips,  standard   7   inch   by 

9   inch   by  7/16   inch   tie   plates.     Oak  ties.     Installed    December, 

1909. 

During   the    first   three    months   of   service   132   of   the   clips   became 

loose,  and  in   spite  of  frequent  tightening  of  the  spikes,  the  loosening  of 

tin    clips  increased,  and  their  rattling  was  quite  perceptible  in  riding  over 

this  section  of  track.     After  1  year  the  cutting  of  the  tie-plates  at  outer 

edge    into  the  ties  was  noted.     After  1  year  and  7  months  500  clips  and 
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30  of  the  screw-spikes  were  loose  and  could  not  be  tightened.  In  October, 
1911,  this  type  was  eliminated,  there  being  993  loose  clips  and  60  loose 
spikes  at  that  time.  The  tie-plates  cut  into  the  ties  at  the  outer  edge  on 
the  inner  side  of  curve  to  a  slight  extent,  there  being  no  noticeable 
difference  in  this  respect  between  this  type  and  Type  la. 

Type  4b — Birmingham — Screw-spikes,  rolled  clips,  standard  7  inch  by 
9  inch  by  7/16  inch  tie-plates.  Pine  ties.  Installed  December, 
1909. 

The  behavior  of  this  type  was  precisely  similar  to  that  of  Type  4a 
except  that  the  plates  cut  more  rapidly  into  the  ties  and  the  screw- 
spikes  loosened  more  quickly.  This  type  was  eliminated  at  the  same 
time  as  Type  4a  (October,  1911),  there  being  986  loose  clips  and  181 
loose  spikes  at  that  time  and  185  of  the  ties  being  cut  by  plates  Y%  inch 
or  more. 

In  July,  1911,  photos  were  taken  of  ties  taken  from  Birmingham 
Experiment  Track  Types  4a  and  4b,  and  split  at  spike  holes.  The  photos 
showed  that  while  the  holes  had  been  bored  one  inch  below  the  bottom 
of  the  spike  as  per  instructions,  the  screw  threads  in  the  wood  were 
entirely  destroyed,  there  being  no  appreciable  difference  between  the  oak 
and  pine  ties.     (Sec  pp.  56-58.) 

Type  6a — Birmingham — Screw-spikes,  malleable  iron  tie-plate  chairs 
7  inches  by  13  inches  by  2  inches;  bolts  and  clips;  oak  ties.  In- 
stalled December,  1909. 

After  three  months'  service  35  of  the  screw  spikes  were  found  to  be 
slightly  loose,  and  after  18  months  the  cutting  of  the  plates  into  the  ties 
became  perceptible  at  the  outer  edge  of  plates  under  inner  rail  on  curve, 
This  type  of  track  shows  a  higher  cost  for  lining  than  the  others  because 
the  bolts  must  be  loosened  and  retightened  after  the  track  is  thrown  to 
line.  It  was  noted  that  the  feet  of  the  rail  anchors  bore  against  these 
tie-plates  and  it  was  thought  that  special  rail  anchors  should  be  designed 
for  types  6a  and  6b  that  will  bear   against  the  tie.     After  a  service  of 

2  years  and  3  months  20  tics  were  cut  about  l/\  inch  on  the  outer  edge 
of  tie-plates  under  low  rail,  and  32  of  the  screw-spikes  wore  loose.     In 

3  years  and  5  months  166  ties  were  cut  V%  inch  or  more  and  41d  spikes 
and  24  clips  were  loose.  In  February,  1914  (4  years  and  1  month  serv- 
ice), the  cutting  of  the  ties  at  the  outer  edge  of  the  plates  and  the 
resultant   canting   of    the   rail    was    found   to   have    widened    the   gage    I" 

4  feet  9J4  inches  at  some  points  with  full  section  rad.  The  question  of 
remedying  this  condition  was  fully  discussed  by  the  c  mmittee,  and  as 
there  did  not  seem  to  he  any  convenient  way  of  repairing  this  form  ><\ 
track   and    it    was   evident    that    this   particular   design    was    nol    prOperl} 

balanced   to   resist   tl verturning   forces   which   caused   the   canting   of 

the  rail  and  cutting  of  the  outer  edge  of  the  tie-plates  into  the  ties, 
it  was  thought  that  nothing  could  be  gained  by  further  experiment  with 
it  on  sharp  curves  and  thai  a  new  tie-plate  of  similar  style  or  type,  with 
more  bearing  area   outside  of  the  rail  than  inside,  designed. 

It  was  accordingly  decided  that  where  the  rail  is  canted  sufficiently  to 
make  the  gage  4  feet  9%  inches  with  full  Section  rail  th(  se  tie-plates 
should  be  replaced  with  standard  tie  plates,  which  was  done  oi 

%5  of  the  spikes  and  6-1  of  the  clips  were  loose  at  this  time  (February, 
1914).     The  whole  section   was  eliminated   in   May,   1914,     Only  one  tie 

renewed  on  this  section      Page  75  shows  cutting  of  outer  ed 
plate  into  tie;  p.  60  shows  wide  gage  due  to  canting  <>f  rail,  and  p.  61 
hows    the    re  nits   of    1    years'    service   on    ties,    tic  platt   .     pikes,   clips 
and  bolts. 


V)  SCREW-SPIKE  AND  TIE-PLATE  TEST. 

Type  6b — Birmingham — Screw-spikes,  malleable  iron  tie-plate  chairs 
7  inches  by  13  inches  by  2  inches;  bolts  and  clips.  Pine  ties.  In- 
stalled January,  1910. 
The  same  conditions  of  cutting  of  tics  and  canting  of  rail  as  noted 
under  Type  6a  prevailed  on  this  section  except  that  the  cutting  was  more 
rapid  into  the  pine  ties  of  this  type  of  track.  After  a  service  of  2  years 
and  3  months  135  of  the  ties  were  cut  l/\  inch  or  more,  and  a  few  as 
much  as  V2  inch,  and  11  spikes  were  slightly  loose.  In  3  years  and  5 
months  301  ties  were  cut  Y%  inch  or  more  and  89  spikes  and  28  clips  were 
loose,  and  in  4  years  and  1  month  374  ties  were  cut  }i  inch  or  more  and 
423  spikes  and  96  clips  were  loose.  Same  comment  as  under  Type  6a 
as  to  higher  cost  of  lining  and  rail  anchors  bearing  against  tie-plates. 
This  section  was  eliminated  from  the  experiment  at  the  same  time  as 
the  other  (May,  1914).  Photos  showing  cutting  of  plates  into  ties  and 
destruction  of  screw  threads  in  wood,  pp.  62  and  63,  and  56  and  58. 
Another  effect  of  the  widening  of  the  gage  was  that  the  rail  wore  out 
ahout  twice  as  fast  on  the  6  degree  curves  Types  6a  and  6b.  as  on  the 
6  degree  curves  on  Types  la  and  lb  (standard  tie-plates).  When  this 
excessive  rapidity  of  wear  was  observed,  samples  of  the  rail  were  ana- 
lyzed and  found  to  be  of  normal  composition,  hence  the  excessive  wear 
was  evidently  due  to  wide  gage.  423  spikes  and  96  clips  were  loose  on 
Type  6b  in  February,  1914. 

Type  7a — Birmingham — Screw-spikes,  rolled  steel  tie-plates  7  inches  by 
13'/2  inches  by  %  inch.     Oak  ties.     Installed   December,  1909. 

After  eight  months'  service  a  few  of  the  screw-spikes  (both  plate 
spikes  and  rail  spikes)  were  found  to  be  loose,  and  after  2  years  and 
4  months  the  tie-plates  were  observed  to  be  cutting  into  the  ties,  eight 
ties  being  cut  about  %  inch.  Nineteen  of  the  spikes  were  loose  at  that 
time.  Six  months  later  (October,  1912)  36  of  the  spikes  were  slightly 
loose  and  19  ties  were  cut  %  inch  to  rA  inch  but,  as  on  Type  7b  (pine 
ties)  some  of  the  spikes  were  so  loose  that  they  could  be  extracted  with 
the  fingers,  the  Committee  considered  the  question  of  the  best  remedy 
and  decided  to  try  the  Lakhovsky  split  lining  (see  photo  page  64,  also 
pp.  65  and  74).  The  application  of  these  linings  cost  9  cents  each  in 
oak  ties  and  7  cents  each  in  pine  tics.  459  of  these  devices  were  applied 
on  Section  7a  and  207  on  Section  7b  during  1913;  they  did  not  prove 
effective,  however,  and  the  spikes  equipped  with  them  soon  became 
loose  again.  See  photo  p.  75.  After  a  service  of  4  years  and  2  months 
139  of  these  ties  were  cut  yi  inch  or  more  and  430  spikes  were  loose 
(including  12  of  the  459  that  had  been  equipped  with  Lakhovsky  linings.) 
It  was  noted  that  the  cutting  of  the  outer  edges  of  the  plates  into  the 
ties  was  canting  the  rail  and  widening  the  gage  in  the  same  manner, 
though  not  tn  the  same  extent,  as  on  Type  6a  owing  to  the  lesser 
thickness  of  the  tie-plate  (^  inch  as  against  1-15/16  inches),  but  as  this 
form  of  track  can  be  repaired  without  difficulty  it  was  decided  to  continue 
it,  adzing  the  ties  when  necessary.  All  the  ties  on  the  curve  were  adzed 
under  the  low  rail  in  September,  1914.  Tt  was  not  found  necessary  to 
do  any  adzing  under  the  high  rail.  At  this  time  22  of  the  459  spikes 
which  had  been  equipped  with  Lakhovsky  linings  were  again  found  loose 
?.nd  there  were  275  other  loose  spikes.  Seven  months  later,  after  5 
years  and  4  months'  service  (April,  1915)  281  ties  were  cut  V%  inch  or 
more  and  482  spikes  were  loose,  including  a  number  with  Lakhovsky 
linings,  and  in  June,  1915,  283  ties  were  cut  and  492  spikes  were  loose. 

In   June,   1015,  the   *wooden   plug  method   of   re-setting  spikes   which 
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is  extensively  used  abroad  was  tried.  Locust  plugs  1  inch  by  1-3/16 
inches  at  the  top,  %  inch  by  1  inch  at  the  bottom,  and  5  inches  long 
were  used  for  the  rail  spike  holes  and  smaller  plugs  24  inch  by  7/&  inch 
at  the  top,  H  mch  by  11/16  inch  at  the  bottom  and  2>%  inches  long,  for 
the  plate  spike  holes,  these  dimensions  bearing  the  same  relation  to  those 
of  the  spikes  as  the  measurements  of  the  wooden  plugs  used  in  France 
bear  to  the  spikes  in  connection  with  which  they  are  used.  These  plugs 
were  driven  into  the  spike  holes  in  ten  ties  where  the  spikes  had  come 
loose,  the  holes  were  re-bored  and  the  spikes  re-set.  The  spikes  soon 
became  loose  again  and  a  laboratory  test  was  made  which  showed  that 
the  resistance  to  extraction  offered  by  the  screw-spike  in  the  plugged 
hole  was  no  greater  than  that  of  an  ordinary  nail  spike.  (For  report 
of  test  see  pages  76-79.)  This  type  of  track  was  accordingly  elimi- 
nated in  August,  1915,  at  which  time  there  were  358  loose  spikes  and 
264  ties  cut  by  plates.  The  ties  on  the  curve  were  adzed  under  the  low 
rail  in  September,  1914,  to  restore  the  canted  rail  to  its  normal  per- 
pendicular position.  Seven  ties  were  renewed  on  this  section,  four 
of  them  on  account  of  original  defect  and  three  on  account  of  wear. 

Type  7b — Birmingham — Screw-spikes,  rolled  steel  tie-plates  7  inches  by 
13^2  inches  by  %  inch.     Pine  ties.     Installed  December,  1909. 

The  service  afforded  by  this  type  was  similar  to  that  of  Type  7a 
except  that  the  softer  ties  naturally  offered  less  resistance  to  cutting 
by  plates  and  loosening  of  spikes.  After  a  service  of  2  years  and  4 
months  17  of  the  ties  were  cut  %  inch  or  more  and  16  of  the  spikes 
were  loose.  After  2  years  and  10  months  63  ties  were  cut  from  54  incn 
to  %  inch  and  49  spikes  were  loose,  several  of  the  latter,  particularly 
at  joints,  being  so  loose  that  they  could  be  extracted  with  the  fingers. 
(P.  86.) 

At  this  time  the  Committee  considered  several  methods  of  re- 
setting the  loose  spikes,  as  follows: 

1.  The  Square  Plug. — This  was  discarded  at  this  time  for  the 
reason  that  it  could  afford  only  temporary  relief,  as  the  same 
forces  which  loosened  the  spike  in  the  tic  would  loosen  it 
in  the  plug. 

2.  The  Thiollier  Helical  Lining. — Not  adopted  because  it  cannot 
be  applied  to  track  in  service. 

3.  The  Collet  Trenail. — Same  objection  as  the  square  plug, 
though  it  might  hold  the  spike  somewhat  longer,  but  it  has 
the  additional  objection  that  it  has  a  very  large  diameter  and 
would  therefore  inflict  too  much  injury  on  the  tie. 

4.  The  Lakhovsky  Split  Lining. — This  was  adopted  and  207 
spikes  were  equipped,  but  in  February,  1914,  15  of  them  were 
again  found  loose.  At  that  time  198  ties  were  cut  's  inch  or 
more.  Tn  April,  1915,  there  were  450  cut  ties  and  582  loose 
spikes,  and  in  June  541  cut  ties  and  675  loose  spikes.  In 
August,  1915,  this  type  was  eliminated.  At  that  time  there 
were  685  loose  spikes  and  451  ties  cut  by  plates  Five  ties 
were  renewed  on  this  section  account   of   wear. 

In  the  Spring  of  1911  the  rail  on  the  6  degree  curves  on  Types  la, 
lb,  4a,  4b,  6a  and  6b  was  renewed,  when  the  gage  returned  precisely 
to  that  first  reported  after  the  track  was  installed,  thus  proving  that 
there  had  been  absolutely  no  lateral  movement  of  the  tie  plates  since 
installation, 

During  the  first  10  months  then  were  114  joint  bar  failures  on  the 
Birmingham    track,    of    which    one    was    Keystone    Insulated     five    were 
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standard  No.  8a  bars,  seven  had  semi-circular  slots  for  screw-spikes 
plan  59582 — p.  35)  and  101  had  rectangular  slots  for  clips  (see 
plan  59702 — p.  32).  As  this  showed  conclusively  that  the  deep  rectangu- 
lar slotting  for  the  clips  was  conducive  to  the  fracture  of  the  bar,  the 
design  of  clips  for  Types  3,  4  and  6  was  revised  to  permit  the  slot  to 
be  semi-circular  (see  plan  60109— p.  80). 

About  11  months  after  the  experiments  were  installed,  a  car  loaded 
with  pig  metal  was  derailed  by  a  broken  flange  west  of  Section  4a  and 
ran  the  entire  lengths  of  4a  and  lb,  defacing  all  the  ties  on  both  these 
sections  (see  photos  pp.  81  and  82). 

On  October  4,  1911,  considerable  damage  was  done  the  Birmingham 
Experimental  Track  by  a  loose  wheel  on  a  car  in  a  loaded  coal  train, 
as  follows : 

Type  4b — 445  pine  ties  damaged. 
970  screw-spikes  and  clips. 
425  tie-plates. 
Type  Ca— 108  clips  and  bolts. 
16  joint  bolts. 
78  malleable  tie-plates. 
Type  6b — 432  clips  and  bolts. 
57  joint  bolts. 
286  malleable  tie-plate-. 
Type  7a — 32  screw-spikes. 
16  tie-plates. 

All  the  above  material  required  renewal  except  the  ties  in  Type 
4b  and  the  tie-plales  in  Type  7a.  (Photos  showing  damaged  material 
pp.  83,  84  and  85.) 

On  May  5,  1914,  a  truck  under  a  loaded  car  broke  down  and  was 
derailed  east  of  Birmingham,  damaging  the  Experimental  Track  as 
follows : 

Type  la — 182  tic-plates,  469  spikes,  212  oak  ties.     Not  damaged 

enough  to  necessitate  immediate  renewal. 
Type  6a — 156  tie-plates   damaged,   replaced ;   204  other   tie-plates 

damaged. 
Type  6b — 90  tie-plates  damaged  and  replaced ;  296  other  tie-plates 

damaged. 
Type  7a — 286  rail  spikes  damaged  and  replaced. 
538  plate  spikes  damaged  and  replaced. 
66  tie-plates  damaged. 
137  oak  ties  damaged. 
Type  7b — 620  rail  spikes  damaged  and  replaced. 
599  plate  spikes  damaged. 
104  tie-plates  damaged. 

In  view  of  the  fact  that  the  removal  of  the  malleable  iron  tie-plates 
(Type  6)  necessitated  the  raising  of  78  ties  on  Section  6a  and  45  on 
6b  about  \lA  inches  higher  than  the  other  ties,  and  these  ties  being 
scattered  throughout  the  portions  of  these  sections  remaining  in  track, 
giving  the  track  a  very  ragged  appearance,  and  also  that  all  the  curved 
portions  of  these  sections  were  eliminated  from  the  experiment  in 
February,  l'»14,  on  account  of  widening  of  gage,  the  remainder  of  the 
two  sections  (Types  6a  and  6b)  were  eliminated  from  the  experiment 
in  May,   1914,   as  stated  above. 

In  May,  1912,  the  Chairman  informed  the  President  that  the  Screw- 
Spike  Experiment  had  demonstrated  that  loblolly  pine,  shortleaf  or  sap 
pine  ties  arc  only  suitable  for  branches  of  very  light  traffic,  and  that 
7  inch  by  9  inch  tie-plates  are  too  small  for  main  line  traffic.  The  letter 
fi  illows  : 
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Mr.  James  McCrea,  May  9,  1912. 

President. 
Dear  Sir: 

The  experimental  stretches  of  track  with  various  fastenings  at  Bir- 
mingham, Pa.,  and  Wooster,  Ohio,  were  visited  by  the  Joint  Committee 
on  Screw-Spike  Test  on  April  3rd  and  4th  and  were  found  very  little 
changed  in  condition  since  the  inspection  of  last  summer.  The  most 
noticeable  thing  is  the  embedding  of  the  tie-plates  into  the  ties,  and  this 
is  especially  apparent  at  Birmingham,  where  the  tonnage  for  the  past 
year  has  averaged  141,323  tons  per  day,  as  compared  with  the  average 
of  52,012  tons  at  Wooster. 

The  standard  tie-plates,  7  inch  by  9  inch,  are  too  small  for  the  cheap 
loblolly  or  shortleaf  pine  ties,  which  were  treated  with  creosote.  It  is 
manifest  that  this  variety  of  wood  can  only  be  used  under  our  branches 
of  lightest  traffic  and  in  sidings.  At  Birmingham  the  oak  ties  are 
beginning  to  show  the  abrasion  of  the  tie-plates,  although  this  is  not 
serious,  while  at  Wooster  there  is  scarcely  any  cutting  of  oak  ties 
noticeable,  but  it  seems  probable  that  the  present  7  inch  by  9  inch  tie- 
plate  will  have  to  be  enlarged  to  give  more  bearing. 

Even  the  large  tie-plates,  7  inch  by  13^  inches,  like  those  used  in 
the  New  York  Tunnels  (Type  No.  7  of  test)  and  the  malleable  iron 
chairs  7  inch  by  13  inch  (Type  No.  6  of  test)  are  showing  considerable 
cutting  into  pine  ties  and  some  cutting  in  the  oak  ties,  although  the 
latter  is  not  serious.  It  would  seem  that  soft  pine  ties,  even  though 
they  are  protected  with  a  plate  7  inch  by  13  inch,  are  not  going  to 
stand  up  under  our  main  line  traffic,  and  that  for  oak  ties  a  plate  this 
size  is  likely  to  prove  necessary. 

The  malleable  chairs  (Type  6)  hold  the  rail  so  high  above  the  tie 
that  the  slight  cutting  of  plate  into  tie  on  the  outside  permits  the 
widening  of  gage,  and  this  is  very  difficult  to  adjust,  so  that  it  is  likely 
this  type  of  plate  and  fastening — at  least  of  the  present  size  and  design 
—will  be  unsatisfactory,  especially  as  it  was  the  most  expensive.  It  is 
possible  that  a  shallower  plate  with  a  larger  area  of  base  might  be  more 
satisfactory. 

The  wide  gage  has  in  turn  been  responsible  for  excessive  wear  on 
the  low  rail,  resulting  in  the  rail  giving  less  life.  The  fastening  was 
designed  to  avoid  removing  screw-spikes  from  tics  when  rail  was  re- 
newed, consequently  to  remove  plate,  re-adze  tie  and  replace  pla'te,  beside? 
being  expensive,  would  defeat  the  object  of  the  design. 

The  experiment  with  standard  tie-plates,  screw-spikes  and  clips 
(Type  4)  has  been  abandoned,  as  it  was  impossible  to  keep  the  screw- 
spikes  tight  and  they  arc  being  replaced  with  driven  spikes. 

The  experiment  of  screw-spikes  and  clips  without  plates  (Type  3) 
seems  to  slightly  retard  the  cutting  of  rail  into  tie,  but  it  is  manifest  that 
this  type  is  onlv  suitable  for  tangents  on  lines  of  comparatively  light 
traffic. 

In  general — with  the  exception  of  Type  4 — all  types  of  fastenings, 
after  a  service  of  more  than  two  years,  arc  still  in  fair  condition,  no 
"in  type  showing  much  marked  superiority  over  all  the  others  as  to  make 
a  solution  possible  at   this  time. 

In  conclusion,  it  is  demonstrated,  we  think,  that  the  loblolly  pine. 
shortleaf  or  sap  pine  ties  are  only  suitable  for  branches  of  very  light 
traffic,  and  that  our  7  inch  by  9  inch  tie-plate  is  tOO  small  for  such  traffic 
as  we  have  to  day  on  the  Alain  Line. 

Yours  truly. 

(Signed)   J.  T    Kn  m akus, 
Chief    Engineer    Maintenance   of    Way,   Chairman,   Joint    Committee 

Screw-Spike  Test. 
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Wooster  Service  Test. 

Type  1a — Wooster — Standard  track  with  standard  7  inch  by  9  inch  by 
%  inch  Goldie  tie-plates  and  standard  nail  spikes.  Oak  ties.  In- 
stalled May,  1910. 

After  service  of  2  years  11  months,  the  cutting  of  the  tie-plates  at 
outer  edge  was  quite  marked,  10  of  the  ties  heing  cut  JHs  inch.  One  year 
and  3  months  later  46  tics  were  cut  }i  inch  or  more  and  in  November, 
1914,  when  this  type  was  eliminated  on  account  of  the  elimination  of  the 
corresponding  type  at  Birmingham  52  tics  had  been  cut  Y%  inch  or  more. 

Type  1b — Wooster — Standard  track  with  standard  7  inch  by  9  inch  by 
%   inch   Goldie  tie-plates   and   standard   nail   spikes.     Pine  ties. 
Installed  July,  1910. 
After  service  of  2  years  3  months,  the  cutting  of  tie-plates,  at  outer 
edge,  into  the  ties  was  quite  marked,   15  of  the  ties  being  cut  from  l/> 
inch  to  %i  inch.     Six  months  later  210  of  the  ties  were  cut  yi  inch  or 
more,  and  after  4  years'  service  355  of  the  ties  were  cut  H  inch  or  more 
and  two  spikes  were  found  broken.     In  August,  1915,  when  the  experi- 
ment was  concluded,  440  of  the  ties  were  cut  %&  inch  or  more  and  4  spikes 
were  loose.     (Page  88.) 

Type  2 — Wooster — Standard  track;  standard  nail  spikes.  No  tie-plates. 
Oak  ties.     Installed  July,  1910. 

After  1  year  9  months'  service  the  cutting  of  the  rail  into  the  ties 
became  perceptible,  but  none  of  them  were  cut  as  much  as  %  inch. 
At  two  points  it  was  noticed,  at  this  time,  that  the  rail  had  pushed  the 
spikes  back  a  little,  apparently  due  to  irregularity  of  surface.  The 
cutting  of  rail  into  the  ties  continued,  but  gage  was  not  seriously 
affected,  the  maximum  being  4  feet  8-11/16  inches  after  service  of  2 
years  3  months.  In  April,  1913,  when  this  type  was  eliminated  after  a 
service  of  2  years  and  9  months  on  account  of  the  failure  of  Type  3 
in  Experimental  Track  at  Birmingham,  track  was  in  good  condition, 
none  of  the  ties  being  cut  as  much  as  3^  inch  and  only  one  spike  found 
standing  above  the  base  of  rail. 

Type  3 — Wooster — Screw-spikes,  rolled  clips.  No  tie-plates.  Oak  ties. 
Installed  July,  1910. 

After  one  year's  service  4  of  the  clips  were  found  loose,  and  9 
months  later  there  were  259  clips  and  37  loose  spikes.  After  service  of 
2  years  and  3  months  there  were  328  loose  clips  and  69  loose  spikes,  and  in 
April,  1913  (6  months  later),  when  this  type  was  eliminated  on  account 
of  the  failure  of  the  corresponding  type  at  Birmingham,  there  were  421 
loose  clips  and  89  loose  spikes.  None  of  the  ties  were  cut  as  much  as 
Y%  inch  at  this  time.     (Page  87.) 

Type  4a — Wooster — Standard  7  inch  by  9  inch  by  %  inch  Goldie  tie- 
plates.  Screw-spikes  and  slips.  Oak  ties.  Installed  December, 
1910. 

This  track  was  installed  a  year  later  than  the  corresponding  type 
at  Birmingham,  during  which  time  the  tendency  of  the  clips  to  become 
loose  was  noticed  and  a  clip  of  different  design  having  a  shoulder  to 
fit  against  the  base  of  the  rail  (see  plan  14391,  insert  page  32)  was  used. 
After  7  months'  service  50  clips  were  found  loose,  and  3  months  later  there 
were  365  loose  clips  and  28  loose  spikes;  no  cut  ties.  At  this  time 
(October,  1911)  this  type  was  eliminated  on  account  of  the  failure  of 
Type  4a  at  Birmingham. 
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Type  4b — Wooster — Standard  7  inch  by  9  inch  by  %  inch  Goldie  tie- 
plates,  screw-spikes  and  clips.  Pine  ties.  Installed  December, 
1910. 

After  7  months'  service  175  clips  and  7  spikes  were  found  loose. 
The  improved  clip  was  used  on  this  type  as  well  as  on  Type  4a.  After 
10  months'  service  there  were  405  loose  clips  and  35  loose  spikes  but  nn 
cut  ties.  This  type  was  then  (October,  1911)  eliminated  on  account  of 
elimination  of  corresponding  type  at  Birmingham. 

Types  5a  and  5b  Wooster — These  were  special  designs  of  the  Lines 
West,  but  the  results  of  the  test  were  not  recorded  herein.  (Photos 
page  89.) 

Type    6a — Wooster — Screw-spikes;    malleable    iron    tie-plate    chairs    7 
inches  by  13  inches  by  2  inches;  bolts  .and  clips.     Oak  ties.     In- 
stalled May,  1910. 
After  service  of   1   year  11    months  the  tie-plates  were  observed  to 
be   cutting  slightly   into   the  ties  and  4   screw-spikes   were   found  loose. 
Six   months  later  there   were   16  loose   spikes  and  8  loose  clips.     After 
service  of  3  years  and  1  month  14  of  the  ties  were  cut  •}<$  inch  or  more 
and   195  spikes  and  40  clips  were  loose.     In  May,  1914,  when  this  type. 
after   4  years'   service   was   eliminated   on   account   of   failure   of   corre- 
sponding type  at  Birmingham  there  were  161  loose  spikes  and  31  cut  tics. 

Type    6b — Wooster — Screw-spikes,    malleable    iron    tie-plate    chairs    7 
inches  by  13  inches  by  2  inches;  bolts  and  clips.     Pine  ties.     In- 
stalled November,  1910. 
After  service  of   1  year  5  months  the  cutting  of  the  tie-plates  into 
the    ties   was   noted,   but   although   considerably   more   than   on   Type   6a 
(which  had  been  in  service  7  months  longer)    it  was  not  over  }/$  inch. 
Six   months   later   7  spikes   and  one   clip   were  loose.     After   service   of 
2  years  and  7  months  89  ties  were  cut  Y%  inch  or  more  and  168  spikes 
and  20  clips  were  loose.     In  May,  1914,  when,  after  4  years'  service,  this 
type   was   eliminated,    on   account   of   failure    of   the   corresponding   type 
at  Birmingham,  there  were  32  loose  spikes  and  240  cut  tic?. 

Type  7a — Wooster — Screw-spikes;  rolled  steel  tie-plates  7  inches  by 
13!/2  inches  by  %  inch.  Oak  ties.  Installed  June,  1910. 
After  service  of  1  year  10  months  the  cutting  of  tie-plates  at  outer 
edge  into  the  ties  was  noted  and  5  spikes  were  loose;  six  months  later  19 
spikes  were  found  loose.  After  service  of  3  years  only  one  tic  was 
cut  as  much  as  Y%  inch.  At  this  time  182  spikes  were  loose.  After  4 
years'  service  there  were  16  tics  cut  H  inch  or  more  and  75  spikes  were 
loose.  In  August,  1915,  when  the  experiment  was  concluded,  21  of  the 
tics  were  rut  H  inch  or  more  and  203  spikes  were  loose. 

Type  7b — Wooster — Screw-spikes;  rolled  steel  tie-plates  7  inches  by 
13^2  inches  by  %  inch.    Oak  ties.    Installed  June,  1910. 

After  service  of  1  year  5  months  the  cutting  of  tie  plates,  at  outer 
into  ties  was  noted  and  8  spikes  were  loose.  Six  months  later  7  <>i 
the  ties  were  cut  over  \{x  inch  and  8  spikes  were  found  loose  Vftei 
service  of  2  years  and  7  months  52  of  the  ties  were  cut  -1*  inch  or  more 
and  50  spikes  were  loose,  and  1  year  and  1  month  later  149  of  the  tie- 
were  cut  y%  inch  or  more  and  37  spikes  wire  loose,  In  August,  1915, 
when  the  experiment  was  concluded,  208  of  the  ties  were  cut  H  inch 
or  more  and  124  of  the  spikes  were  loose.     (Thoto.  p.  00.1 

Inly  8,  1911,  the  Experimental  Track  al   Wooster  was  damaged  by 

I    pair    of    derailed    wheels    under    a    loaded    COal    cai        Only    SIX    screw- 
spikes  were  damaged,  bul  considerable  damage  was  done  to  the  ties. 


16  SCREW-SPIKE  AND  TIE-PLATE  TEST. 

COST    OF    INSTALLATION    AND    MAINTENANCE. 

The  tabic  below  shows  that  both  the  annual  cost  and  the  cost  per 
million  tons  traffic  are  less  for  the  nail  spike  than  for  the  screw-spike. 
Reference  to  the  tables  following,  which  state  the  costs  and  tonnage  of 
traffic  in  detail,  will  show  that  both  first  costs  and  maintenance  costs 
arc  in   favor  of  the  nail  spike  in  all  cases.     In  comparing  costs  of  Types 

2  and  3  with  the  others  it  must  be  remembered  that  these  two  types  arc 
on  straight  track  and  oak  tics  and  would  not  be  suitable  for  curves  or 
softwood  ties. 

SCREW-SriKE  EXPERIMENT. 

Birmingham,   Pa.,  and  Wooster,  O.,  March,   1910,  to  July,  1915,  inclusive. 

tCost  per  million 
First  Cost  *Annual  Cost  tons  traffic 

Type  Brghm.  Wstr.  Avge.  Brghm.  Wstr.  Avge.  Brghm.  Wstr.    Avge. 

la         $      896  $  1,151  $  1.023  $    316  $    333  $    324  $     5.48  $  15.64  $  10.56 

lb     912       1,218       1,065        355        350        352         6.31       16.38       11.39 

765  860  812        344        274        309         6.00       12.56         9.28 

3     1,018       1,156       1,087        443        350        396         8.05       16.60       12.32 

la     1,286       1,627       1,456        910        452        696       17.96       21.67       19.81 

4b     1,181       1,676       1,428        876        466        671       16.90       22.26 

fia  2.384  2.457  2,420  757  607  682  14.74  31.74  23.24 

6b  2.361  2.450  2,40.",  759  592  675  14.80  30.98  22.89 

7.-,  1,556  1,477  1,516  460  388  424  8.25  19.23  13.74 

7b  1,473  1,462  1,467  435  390  412  7.84  19.35  13.59 

Total     $13,832  $15,536  $14,681  $5,685  $4,202  $1,913  $106.33  $206.41  $156.37 

Average    ..$  1,383  $  1,554  $  1,463  $    569  $    420  $    494  $  10.63  $  20.64  $  15.64 

•Interest  at  6  per  cent,  and  taxes  at  1  per  cent,  (both  on  first  cost  in 
track),  plus  cost  of  maintenance,  plus  annuity,  which,  at  6  per  cent,  com- 
pound  interest   will  amount  at  end  of  life  to  first  cost  in   track  less  salvage. 

tlneluding  installation  and  maintenance. 
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Pennsylvania  Railroad  System 

Record  of  Cost  of  Maintenance  of  Experimental  Track  at    Birmingham,  pa., 

Month  o(    July,    1915. 
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1911. 

4-b 

., 

6-a 

n 

F« 

bruary , 

1914. 

6-b 

•i 

ii 

7-a 

7-b 

-  4  yrs 

-  3      " 

-  1      " 

-  4      " 

•    6  moa 
2      " 
8      " 
0     " 

otal  to  Date 

5  yrs. 

( 

( 
5  noa>    1 

( 

la 

2  i  3 
4a  £  4b 
6a  &   6b 

1  a 

363. Ou 

40.47 

33.25 

6.84 

1    0.36 

13.26 

1.71 

458.89 

23.40 

482.29 

1-b 

497. 09 

SA'-ftO 

57.5n 

2fi.  52 

42.16 

658    18 

227.07 

885   25 

2 

209.00 

18.80 

5.70 

14.21 

0.38 

248.09 

1.39 

249.43 

3 

2S0.1fl 

IB.  80 

35.14 

7.75 

1.90 

343.77 

343.77 

4-a 

191.33 

12.20 

46.16 

1.33 

3.99 

256.11 

6.67 

262.78 

4b 

201.74 

13.66 

47.49 

i    2.26 

4171 

1.90 

271.96 

4.30 

276.23 

6-a 

548.64 

45.40 

94.76 

|J12   73 

35.49 

2.65 

740.07 

37.67 

777.74 

6-b 

593.66 

r/.io 

97.04 

'14. ,-: 

33.4,1 

6.06 

761 . 74 

51.57 

613.31 

7-a 

378.53 

i  e.  i  o 

47.36 

112.87 

:?.6.FiR 

ia.m 

6,11 .45 

191. _n 

792    65 

7b 

473.65 

Di.3q 

27. C4 

110.69 

1    7.02 

17.82 

1.90 

669.42 

B9.04 

75:. 46 

NoTL       Thi»  record  tab*  compiled  monthly,  in  duplicate,  in  office  ol  Chief  Engineer  Meintenince  of  Way 
and  copies  furnished  lo  Chief  Engineer.  Maintenance  of  Way,  Lines  East  and  West. 
The  cost  ol  labor  and  material  used  in  connection  with  crosstie  or  rail  and  splice  renewals  not  to 
be  included,  encept  In  case  ol  splice  bar'  failing  by  reason  of  special  slotting 
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SCREW-SPIKE  AND  TIE-PLATE  TEST. 


M.  W.  Ex 

Pennsylvania   Railroad  System 

Record  of  Cost  of   Maintenance  of   Experimental  Track  at    booster,   Ohio. 

Month  of  July.    1915. 


5_A 

5-B 


14.60 
14.60 


TYPE  OF   TRACK 

SURFACING 

LINING 

GAUGING 

Tightening 
Rlil 

Fastening! 

Joint 

8olts 

Re**.!";; 
BoHi 

TOTAL 
LABOR 

COST  OF 
MATERIAL 
USEOIN 
RENEWAL 

5RA 
TOT 

FOR  MONTH 

7.30 

7.3 

1 

1a 

1-b 

7.30 

7.30 

2 

Noth 

3 

Notr  r 

16.40 

16.4D 

1(0 

4-a 

4  h 

16.40 

.t  16.40 

1(0 

6- a 

10.75 

lO.TJi 

1(5 

6b 

10.75 

10.75 

1(5 

7-a 

Not>| 

7-b 

Koti  ( 

14.60 
14.60 


14  0 

H 


Total  io  Date 


*#*' 


7+t>tfo. 


219.70       1.25 


.95 


47     8.35 


70  231.4::        3.90 


23!  ! 


199.05 


12.80 


1.05 


1.72 


9.05 


223.6'       9.60 


23?* 


23C.49 


22.10 


252.51 


2519 


304.10 


11.11 


315.2!. 


3151 


234.40 


3.60 


36.75 


.37 


3.90 


279.0::     13.73 


292  5 


223.95 


3.60 


43.40 


37 


3.90 


275.21:      21.71 


296  J 


3C8.35 


3.40 


23.85 


.72 


11.15 


347.4"       4.76 


352  5 
"2925 


240.45 


7.00 


22.60 


.15 


13.10 


291.3d 


.86 


197.70 


7.0C 


18.17 


3.35 


226.2; 


22'i 


21.15        .18     3.70       _       236.111 
273.4!  ■ 


16.22 


200.45     10.70 

~F3  ' 213. 301 — 87TXT .IT'49.35'     - — '    2.60 

5-B  238.05        5.00  -       57.00        -  2.45       -       303.40 

NOTE    —This  record  lobe  compiled  monthly,  in  duplicate,  in  olfice  of  Chief  Engineer  Maintenance  of  Way 


252  3 
"273  r 
S0J) 


and  copies  furnished  to  Chief  Engineers  Maintenance  of  Way,  Lines  East  and  Wast 


PENNSYLVANIA  SYSTEM. 
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M.   W.  Exp  -D 


Pennsylvania  Railroad  System 


Record  of  Cost  of  M 

and  at  Wooster,  0. 

aintenance  of  Experimental 

Track 

at   Birmingham,   f*. « 

ANNUALLY. 

JU 

Ly  31,1915. 

rrPE  OF   Track 

SURFACING 

LINING 

GAUGING 

Tightening 

Rill 
Fiflenhgi 

Renewing 

Rail 
Fanning! 

Tightening 
lo.nl 

Bom 

Rene.,ng 

lainl 

Bolls 

TOTAL 
LABOR 

COST  OF 

MATERIAL 
USED  IN 
RENEWAL 

GRAND 
TOTAL 

Yrs.     Moe- 

BIBMING 

HAM- 

4    ,.    B    .1   1-a 

77.73 

8.66 

7.12 

1.46 

0.0( 

2.84 

0-37  . 

. -98.26 

R.01 

1  03 ■ ?7 

5  ••   5"     ,b 

91.72 

6.44 

1Q.61 

4.89 

7.7£_ 

121.44 

4UA9 

.162.33 

3    „    2    ..  2 

65.93 

5.93 

1.80 

4.48 

-12 

.. .28.26 

-44 

7S..70 

3  „   2  "  3 

88.39 

5.93 

11.06 

2.44 

.60 

1.0R.44 

108.44 

1   "    8   "  4a 

114.57 

7.96 

27.64 

.80 

2.39 

.153.36 

2.92 

157.35 

1  "   8   "  4b 

120.80 

8.30 

2R.44 

1.36 

?..  ft?. 

1.14 

IfiP.Rfi 

?..5fi 

165.44 

4   "   0  "  6a 

137.21 

11-3H 

23.69 

3.1R 

.  fl.flfi 

-71 

185.02 

9.42 

194.44 

4  "   0  "  6b 

148.42 

4.28 

24.26 

3.61 

.  8.35 

1.52 

190.44 

12.89 

Of )?.: M 

5  •'    5   "  7a 

69.84 

3.34 

fl.74 

20.83 

4.90 

3.32 

.110.97 

35..  28 

14fi.?fi 

5    ■   5"     M> 

87.39 

5.78 

4.99 

20.42 

1.29 

3.29 

.35 

-U3.51 

16.42 

139.94 

WOOSTiiR. 


Yrs.     Mos. 


4  " 

1    11   la 

47.97 

0.27 

0.21 

0.10 

1.83 

0.15 

50.53 

0.85 

51 .  3fi 

■•         ..         lb 

43.46 

2.79 

.23 

.3fl 

1-9A 

4R.R4. 

?.  DQ 

Rn.QS 

2 

50.32 

4.83 

55.15 

55.15 

n        ■.       3 

fifi.40 

2.4?. 

fifi.fl? 

68.82 

"         ••        4a 

51-18 

-79 

8.02 

.08 

.85 

60.92 

3.00 

63.92 

4-b 

40.90 

.79 

9.47 

.08 

.RR 

fin.  09 

•i.74 

h-l.AS 

•.        ..       6-a 

67.33 

.74 

5.21 

.16 

2.43 

75.87 

1   04 

76.91 

m 

.       6  b 

54.25 

1.53 

4.93 

.03 

2.86 

63.60 

.19 

63.79 

ii          ,.        7a 

43.16 

1 .  53 

3.97 

.73 

AQ.sq 

49.39 

- 

7  b 

43.76 

2.34 

4-62 

■0* 

•  ei 

51.57 

3.54 

55.11 

NOTE  -.—  This  record  lobe  compiled  monthly,  in  duplicate.  In  oHice  ol  Chiel  Engineer  Maintenance  ol  Way 
.ind  copies  lurnished  to  Chiet  Engineors  Maintenance  ol  Way    Lm.s  East  and  Waal. 
The  cost  ol  labor  and  m.itrrial  used  in  connection  with  crosatie  or  rail  and  splice  rancwalf  nol  to 
,  be  included,  except  in  case  ol  splice  bars  tailing  hy  reason  ol  spacial  slotting 


20 


SCREW-SPIKE  AND  TIE-PLATE  TEST. 


Record  of  Tonnage  over  ScrewSpikeTest  Track 
Birmingham,  Pa.  and  Woosfer,  Ohio. 


Number  of  Trains 


To  n  m  a  _e,e 


PerMonfh 


J3I  0 


Frt  P<pss  F&P 


Bic/ninghffl 


Kts 


S^ 


l>88 
1061 
1/28 


I3ll 

Birminejidm 
Woosfer 

BirminjOim 
Woosler 
Birm'inolwn 
Woosfer 

Brmnghm 
booster 

Brmn&hm 
Woosfer 

Brmn&hm 
Woosler 

Brmn&hm 
Woosfer 

Brmn&hm 
Woosfer 

^  Brmnzhm 
Woosfer 

Brmn&hm 
booster 

Brmn&hm 
Woosfer 

Brmn&hm 
Woosfer 

Brmnghm 
Woosfer 

Brmnghm 
Woosfer 

Brmnghm 
Woosler 

Brmn&hm 


1127  936 
1/69  $62 
)367  1019 
),40l  987 
1,307  1,023 
1,30)  1,011 
1,423  I,I3Z 


I.Z98 
1085 

1.135 

794 
1,255 

302 

Fre 

16 

Z 


470 

ght 

20,7 
7dl 


1,190 
Q7S 

1217 
834 

1,134 
784 


19, 
S. 

t.lll 
822 

1.159 
883 

\,\52 
900 


Tin&r. 
osre 


4  Wo  osier 


23, 

7 

1,245 
395 

1,3/5 
852 

1.346 

957 
Fre 

27. 


W 

938 
369 


1999 
2097 

2063 
2131 
2386 
2,389 
2,330 
2312 
2,561 


'.071 
539 

961 
450 


1,083  2338 


1,032 
447 

988 
463 

963 

4S0 


Fre  ight 


808 
274 

999 
465 

1,025 
4  73 

990 
458 


frt  ijght 


230 
879 


SI2 


504 
1.050 
533 
ght 

736 
683 


4/5 

354 
36-4 

376 
37.7 
441 

467 
42.2 
43.4 
46.1 


2.36$ 
1,624 
2,036 
1.244 


1.372 


Pass  zngjt.. 


13. 
I, 

2.222 

I.3Z2 

2  205 

237 

2.097 
1.234 


16, 

2, 

2100 
l.'28T\ 
2.184 
1356 
2,142 
IJ58 


1.010  2.255 


1.507 


9902305 


1.356 

2.396 
1.490 


P<fSS  ?ng 


22, 


Per  Day 


Per  Month 


Frt.  Pass.  F&F 


41.9 
35.0 

405 
284 

40.5 
29.1 


089 
459 

39.7 
29.2 

393 

26.8 

37.5 
26.1 


0  72 
8/9 

35.9 
261 

37.4 
29.5 

38.4 
30  0 


'jss  engt, 


086 

\2IS 

402 
32.0 

43  8 
284 

43.4 
303 


136 

7641 


32.2 

3)3 
31.3 

21.2 
3/.0 
32.9 
32.9 
33.0 
33  7 
36.5 


34.6 
174 
34.3 
16.3 
34.9 
IS.2 
FrTA 

29, 
4, 

34.4 
14.9 

31.9 
IS.O 

32.) 

15.0 

Frt  8c 

35, 

8. 

32.2 

150 

331 

I5.Z 
33.0 

152 
Frt  6 
42 
IZ. 


32  6 

)6.5 


168 
33  9 

17-2 
Frt  6 

49. 

/6. 


Freight 


73.7 

666 
676 

665 
687 
77.0 
7,9.6 
75.2 
77.1 
82.6 


7.1.4 
524 

74.9 
44.4 

75.4 
44.2 

FJSS 

356 
240 

74.1 
44.  / 

71.1 

41.8 

69.9 
41.1 
Pass. 
880 
093 

677 

41.5 

70.4 

43.7 

71-4 

45.2 
Pjss. 

316 
034 

72.7 
48.6 


2317638 

2137368 
2888696 

2857921 

3H8633 

3786244 

3,8)5,273 

3,883,993 

3,721,  (,83 

3466,927 

3,496.981 
1,262857 

3.240,905 
942,063 


3,730,001 

I 369.777 
Fre. 

43. 

3, 

3,450,255 
1,374,860 
3,734,060 
1.240,313 
3,401,523 

I   / 004/5 

Fre 

S3, 

7. 

3291.027 

1,219,470 

3,564,690 

297.2)3 

3468346 

1, 325,302 
Fre 

63. 

I  I. 


33  O  76  8 


45.2 
773 

482 
Pass. 
272 
447 


3851,732 
1.340,78) 
3,798  94) 
1.246,88) 
3,995,022 

1. 384959 
Fre 


75. 
IS 


Passngr. 


S 43 625 

503891 
S28379 

SI00IZ 
5Z4579 

55566) 
538,213 
557,85) 
550,759 
6)7,285 

584  023 
182, 135 

524, 135 
150,6)4 


3461463 

2647859 
34)7075 

3367933 
3643218 

4343905 
4,353,486 
4.441,844 
4,272442 
4,084,2/2 


590,565 
254  3  OZ 

ghr' 

065,063 

574,697 

56,2,  752 
229.848 

538  77/ 
250,827 

525.13) 
283.908 
ght 

650,307 
290,285 


544.762 
292.587 
558.936 
294,439 

539.847 

296608 

ght 

974,970 
132,270 

351,763 
306,380 

533831 

302,271 
572.5  70 
322  42) 

ght 

620.665 
104,991 


Prt.&P. 


4,081,004 
1.444992 
3,765,046 
1,092.677 
4,320,566 
1,624073 


94 123. 8 

71265.6 
93183.7 

55Z64.0 
100601.3 
)2220i.4 
127. 175.8 
125^90  / 
124,056.) 
I  I ), 836.4 

112,805.8 
40,737.3 
115.746.6 
33.645. 1 


Pass  en. 


4,013,007 
i.  604,708 

4272.831 
1.491,140 

3,926,654- 

).  364,323 
fjsse 
8 
t 


3835,783 
1.5)2.057 
4)23.626 
I.59I.65Z 
4  008,193 
1,621,910 
Passe 

1°, 
2, 

4,403,495 
/.647,/6l 

4338773 
1,549. /52 

4,567592 

1.707380 
F\ssse 

12, 

3 


Per   Day 


Freight  Pasngr  P.  & 


120, 322.6 
44.186.0 
'Tger 

134,978 
587,051 

II500B.5 
45,828.7 

\20,453.6 
40,010,1 

113,7174 
36,680.5 
ne,er 
761.632 
351,634 

I06.I62.Z 
39,3373 

D4990.0 
41,845.6 

115,6)1.5 

44 176. 7 
ijoer 

405,177 

235,268 

)  24  249.4 
43.251.0 

12  6  631.4 
41,5627 

128871-7 
44.676  I 

ngcr 

(569342 
/  66.340 


/75"363 

16996  4 
1 7044.5 

16452.0 
16921.9 

17924.5 
17,940.4 
17,995.2 
18,358.6 
(9,912.4 

1 8.839. 5 
5875.3 

18,7)9.) 

S.379. 1 

J  9,050.5 

8  203.3 

Freight 

J>0 

4 


///66(| 

8826.  i 
It022i  I 

10864, 

H732i 

)40l2i 

145,1  H. 

I43.2&. 

142.41'' 

I3I,1 

131,641 
46,612 

13446 
39.02 

139^ 
-,  52  i. 
SfP^ist 
200,0< 
161.7- 


18,758.4 
7,661.4 

17,383.0 
8,091.0 
I  7,504.4- 

94639 
Freight & 
62 
8 


17.573.0 

9.4382 

I8.03O.Z 

9.498.0 


17.994.9 
98863 
Freight 
74, 

13, 

17.798.8 
98832 

17.394.4 

10.075.7 

18.470.0 

10  4007 
Freights. 

87 

18, 


I33.7W 

53.491 

137,83. 

48,10. 

130.88. 

46,47 
/  'dssen 

412,, 

641,9  i 


12373 
48.1 


133.0k 
51,2 
133606 
54.063 

380,1 
367,i 

I42.C 
53,12 

/44« 
5M 

/  47.34 
55.0% 
fasten 
690,'< 
2  71, 1 


PENNSYLVANIA  SYSTEM. 
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Record  of  Tonnage  over  Screw  Spike  Test  Track. 
Birmingham,  Pa.  and  Wooster,  Ohio. 


3/2 


Humber  of  Train <s 


Per  Month 


Frt  Pjss.F&P. 


Per  Day 


Frt.  Pass  F&P. 


To 


n  n 


Per  Month 


Freight  F&sngr 


F&P 


&&> 


Per  Day 


Freight  Pasn&r  F&  P 


wingham 
'ooster 

mingham 
rooster 
irmingham 
'ooster 


I43S  /035 


996 


S3  7 


1445  955 


355 

1533 
I0&9 


491 

70/2 
515 


2530 
1533 

2400 
144b 

2545 
1584 


49.2 
32.1 

45.8 
32.9 

49.4 
345 


33.4\ 
173 

32.3 
163 

32.  i 
16.6 


8/6 
494 

82.8 
49.8 

82.1 
51.1 


17  324, 


3.855,796 
1.313.7 

3.777.404 
1. 2d  6, 787 
4.6I3.48Z 
).584765\3ll, 


564,383 
841 


520,  76Z 

2370U 

551, 

',306 


4,4-20, 181 
1. 644, 5 58 

4,298,166 
1,533, 738 

19 
) 85607/ 


124.3805 


18,206.0 


42,57/  5  10478.7 


837  5/653 


J 30 2553 
4437I.9 
148,822.0 
51,121.5 


17,957.3 
10,241. 7 
17.80 1. Z 
10,042.  I 


142,586.5 
53,  OS  0.3 

I48Z/2.6 
54,613.6 

166  623.2 
&  1. 1 63.6 


rmingbam 
'ooster 


Freight  \Passenger 

3/603\25/38 
13,  703\     7.307 


Frt  8\Pass. 
S  6,7*7 
21,0)0 


Freigftf 

87867,347 
73,  236, /GO 


Passenger 

73,  70G  32  6 
4,  039  498 


Freight 'Scfiasserger 

/0/,S?3,G73 
23. 3  35,  G  56 


\rmmgham 
'ooster 
irmingham 
'ooster 

\rminehm 
\V00ster 


1202 
842 

1323 
8  75 

1219 
32S\ 


964 
4  74 

999 


1008 
432 


2166  40.1 
1316  28.0 


2922 

4  95]/ 370 


2227 

1407 


28.2 
40.6 
303 


321  72.Z 
158  43  8 


427322 


15.3 

33.6 
16.0 


3  586608 
1. 752.)  26 


74.3  3,976,253\543 
1. 458.284 
3  657-544 
1,463,301 


44.1 

74.2 
46.3 


525,668 
285364 


1659 
298027 
549,662 
289,025 


4, 1 12,276 
7,437,490 

45/3,9/2 
i.  756.3/1 

4,207,206 
I,  752,926 


119,553. 
38,404, 
128,266, 
47.041. 

121,918. 
48  736 


17,522.3 
9,5/2./ 

17.537. 4 
9,6/3.  7 

/  8,322. 1 
9,634.2 


137.075.9 
47.916.3 

145803.6 
56,655.1 

140,240.2 
58,430.9 


\rmnghatn 
'ooster 


Freight 
35,353 

76,345 


Passenger  Frt.  &  Pass 


28,109 

8,75a 


G3  4GZ 

25,  l  03 


Freight 

33,oS7.7SZ 

23370,47/ 


Pass  enaer 

75.325,  -3/S 
4.3  7  1 .9/4 


Fre/ghtScP<JS$e/7ger 

7/4,4/3,067 
28,3  42.385 


ir/ningham 
'ooster 

irmngtiam 
'ooster 

mingham 
'ooster 


1219 
876 

12  74 
890 

1186 


1010  2223 
495  1371 

7063 
488 

IOZ7\2Z/3 


845   474 


28.3 

2337  41.1 
1378  28.7 


1319 


393  326 


15.3 

343 
15.7 
\335\34.Z 
28  A  758 


71.9 
442 

75.4 
44.5 

73.7 
44.0 


3617574  550,753 
1, 46 1,283  297,934 
3895989  579  654 
293,  7/0 
705,(,9T\560.023 
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COLLATERAL  TESTS   AND   CONCLUSIONS. 

In  1907,  when  the  study  of  the  track  structure  for  the  New  York 
Terminal  was  taken  up,  tests  were  made  in  the  Alluona  Laboratory  to 
determine  the  proper  area  and  thickness  of  a  tie-plate  for  a  wheel 
load  of  26,000  lbs.  and  the  tentative  conclusion  was  that  a  plate  7  inches 
by  13^2  inches  by  fyi  inch  would  be  adequate.  A  track  test  was  then  made 
which  confirmed  this  conclusion,  except  as  regards  the  heavy  freight  traffic 
such  as  we  have  on  No.  2  track  on  the  Middle  Division,  particularly 
with  respect  to  the  low  rail  on  curves.  In  this  test  only  17  plates  7 
inches  by  13^2  inches  by  Y§  inch  were  found  bent  as  much  as  %  inch 
out  of  about  3,500  plates  carefully  measured  with  a  steel  straight-edge 
after  from  one  to  four  years'  service,  and  all  the  bent  plates  were  under 
the  low  rail  on  curve  and  on  chestnut  ties. 

(See  letters  LRZ  to  SR  12-13-12  and  to  SCL  5-6-13  and  7-24-13 
pp.  90-120.) 

June,  1908,  twelve  tie-plates — four  y2  inch  thick,  four  34  inch  thick 
and  four  1  inch  thick — were  placed  on  three  new  ties  and  three  ties  9 
years  old  in  eastward  freight  track  near  Pomeroy,  Philadelphia  Divi- 
sion. Removed  July,  1912.  The  JA  inch  plates  were  bent  1/16  inch ; 
the  others  were  not  bent. 

In  June,  1908,  a  number  of  photos  were  taken  of  old  ties  taken 
from  main  track  on  the  Philadelphia  Division  and  split  to  show  the 
position  of  the  spikes.     (See  pp.  121  and  122.) 

In  September,  1908,  photos  were  taken  of  a  number  of  old  tie-plates 
and  spikes  taken  from  main  track  on  Pittsburgh  Division  showing  effects 
of_  corrosion.     (See  pp.  123  and  124.) 

In  1909  a  series  of  tests  was  made  by  Riehle  Bros.,  Philadelphia, 
to  determine  the  resistance  to  penetration  and  extraction  of  round  and 
square  nail  spikes  of  various  dimensions  and  various  kinds  of  points. 
The  results  were  somewhat  irregular,  but  indicated  that  the  resistance 
to  extraction  of  different  sizes  of  spikes  does  not  vary  as  much  as  would 
be  expected,  the  average  for  §£  inch  square  spikes  being  11375  lbs.;  for 

ach,  11276  lbs.,  and  for  %  inch,  12196  lbs.     (See  pp.  125-129.) 

In  April,  1909,  a  test  was  made  by  trackmen  in  Wesl  Philadelphia 
Yard  to  determine  proper  sizes  of  holes  for  screw-spikes.  This  test 
indicated  that  diameter  of  hole  in  white  oak  should  equal  that  of  the  core 
of  the  spike.     (See  p.  129.) 

In  March,  1910,  the  President  asked  the  Committee  (1)  Whether  the 
test  track  was  not  being  constructed  on  too  high  a  standard  of  excellence 
to  be  comparable  with  other  track,  and  (2)  Whether  the  rigidity  of 
screw  spike  track  might  not  cause  breakage  of  rail.  The  Chairman 
(Mr.  Richards)  replied,  (1)  That  the  purpose  of  the  Committee  was  to 
make  and  maintain  the  test  track  at  the  same  standard  as  other  main 
line  passenger  track,  and  (2)  That  it  was  believed  that  a  little  elasticity 
in  track  is  desirable  and  should  be  obtained  by  leaving  a  small  vertical 
nee  between  screw-spike  and  rail.     (See  pp.  129-131.) 

In  1913  a  test  was  made  at  Altoona  Laboratory  to  determine  the  dis- 
tribution of  load  on  the  tic  effected  by  tie  plates  of  different  thicknesses. 
(Sec  pp.  131-133.) 

In  September,  1914,  further  tests  w<  it  Altoona  Laboratory 

to  determine  the  distribution  of  load  over  the  surface  of  the  tic  effected 
by  lie  plates  of  diffcrenl   thicknesses.     (Sec  pp.  134-138.) 

In  November,  1914,  some  tests  were  made  in  Altoona  Laboratory 
to   determine   the   crushing   strength    and   the   girder    Strength    of   a   white 
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oak  cross-tie,  which  indicated  that  the  former  is  about  400  lbs.  per  sq.  in. 
and  the  latter  about  45,000  lbs. 

(See  letter  CDY  to  WGC   11-11-14  pp.   138-141. ) 

In  October,  1915,  supplementary  tests  were  made  of  the  distribution 
of  load  by  the  tie-plate  over  the  surface  of  the  tie  and  of  the  crushing 
strength  of  chestnut  ties  after  five  years'  service  in  track  as  compared 
with  new  wood.  The  former  indicated  that  little  if  anything  can  be 
yained  by  increasing  the  length  of  a  tie-plate  to  16  inches  unless  it  is 
made  about  V/t  inches  thick,  which  is,  of  course,  prohibitively  expensive. 
The  test  of  chestnut  ties  5  years  old  indicated  that  a  tie-plate  1&  inches 
thick  would  be  required  to  keep  the  load  per  square  inch  within  the 
elastic  limit  of  such  ties.     (See  pp.  142-157.) 

Arrangements  were  made  in  September,  1914,  for  a  field  test  tu 
determine  the  load  (including  impact  and  dynamic  augment)  to  which 
each  tie-plate  in  track  is  subjected.  (See  letter  JTW  to  WGC  9-14- 14 — p. 
158.)     The  tests  and  locations  determined  upon  were  as  follows: 

Location  No.  1,  eastward  freight  track,  east  end  of  Tipton  tangent, 
E6,  K2,  K4  and  D16  locomotives  with  tender  at  5  mph.  and  70  mph. ; 
LI  locomotive  at  45  mph. ;  LI  locomotive  with  loaded  freight  train  at 
45  mph. ;  LI  locomotive  with  H21  car  loaded  and  with  flat  spot  2y2  inches 
long  on  one  pair  of  wheels  at  45  mph. 

Location  No.  2,  eastward  freight  track,  high  rail  of  2-degree  curve 
east  of  Tipton.     Same  tests  as  No.  1. 

Location  No.  3,  eastward  passenger  and  freight  track,  low  rail  of 
6-degree  curve  east  of  Tyrone  Forge — E6,  K2,  K4,  D16  and  LI  locomo- 
tives with  tender  at  5  mph.  and  LI  locomotive  with  loaded  train  at  5  mph. 

The  first  series  of  tests  was  made  with  the  20  recording  instruments 
placed  on  alternate  ties  and  consequently  the  results  were  not  reliable. 
The  ties  under  the  instruments  being  tamped  solid  and  the  intermediate 
ties  left  loose,  the  former  carried  nearly  all  the  load.  The  instruments 
were  then  placed  on  consecutive  ties,  but  the  results  indicated  that  similar 
conditions  still  prevailed  as  the  readings  were  alternately  very  high  and 
very  low. 

(See  report  CDY  to  JTW  2-24-15  pp.  159-193.) 

It  was  therefore  arranged  to  repeat  some  of  the  above  tests. 

(See  letter  WGC  to  JTW  3-10-15  p.  194  and  3-18-15  p.  194.) 

The  supplementary  tests  on  tangent  were  made  in  May,  1915,  and 
showed  much  better  results,  the  loads  on  the  several  ties  being  within 
a  much  narrower  range,  except  at  two  points  in  the  high  speed  test — 
doubtless  due  to  dynamic  augment.  With  the  exception  of  the  two 
points  named  the  maximum  load  was  26,000  lbs. 

(See  letter  JTW  to  WGC  5-6-15  and  WGC  to  Com.  5-14-15  pp. 
195-199.) 

The  supplementary  tests  on  6-degree  curve  were  made  in  May,  1915, 
and  showed  that  the  ratio  between  load  on  tangents  and  on  6-degree 
curves  is  1.27  to  1.52  or  an  increase  of  about  40  per  cent.  (See  letter 
JTW  to  WGC  6-2-15  p.  199-203.) 

In  April,  1915,  a  field  test  was  made  to  determine  the  distribution 
of  the  load  over  several  ties  in  track  effected  by  rail  of  various  weights. 
This  test  indicated  that  about  55  per  cent,  of  a  load  applied  directly 
over  a  tie  is  transmitted  by  100-lb.  rail  to  other  ties  so  that  a  tie-plate  in 
track  is  called  upon  to  sustain  only  about  45  per  cent,  of  the  load  im- 
posed on  the  rail.  This  explains  the  fact,  brought  out  by  the  test  of  load 
on  each  tie-plate  in  track,  that  the  actual  load  on  each  tie-plate  (includ- 
ing dynamic  augment  and  impact  at  high  speed)  is  less  than  the  maximum 
static  wheel  load. 

(See  report  CDY  to  JTW  4-16-15— pp.  204-215.) 
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In  November,  1915,  supplementary  tests  were  made  of  the  distribu- 
tion of  load  over  several  ties  in  track  effected  by  rail  of  various  weights 
(See  pp.  216-230.) 

In  March  and  April,  1915,  field  tests  were  made  at  West  Philadelphia 
to  determine  the  deformation  of  a  cross-tie  under  static  and  dynamic 
loads.  The  depression  of  the  tie  was  about  the  same  under  dynamic 
load  as  under  static  load,  but  in  every  case  except  on  the  highest  type 
of  roadbed  the  depression  was  much  greater  at  the  center  of  the  tie  than 
at  the  ends,  indicating  that  8  foot  6  inch  ties  are  too  long.  (See  pp. 
231-242.)    (See  "Track  Deformations,"  published  by  Railway  Age  Gazette.) 
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PR<  >POSED  PROGRAM  FOR  SUPPLEMENTAL  TRACK  SERVICE 

TESTS   OF  TIE-PLATES   AND   SCREW-SPIKES. 

Following  the  conclusions  reached  at  the  inspection  of  Experimental 
Track  at  Birmingham,  February  10,  1914,  viz.,  that  all  the  types  of  tie- 
plates,  of  which  trial  has  been  made,  have  proven  unsatisfactory  by 
reason  of  cutting  into  the  tics  more  rapidly  at  the  outer  end  than  at  the 
inner  end,  thereby  canting  the  rail,  and,  second,  that  the  screw-spike  had 
not  succeeded  in  holding  the  tie-plate  firmly  to  the  tie,  it  was  decided 
to  inaugurate  a  new  series  of  tests  with  larger  and  unsymmetrical  tie- 
plates.  In  this  connection  the  point  was  suggested  that  if  the  unsym- 
metrical design  of  the  tie-plate  prevents  the  canting  of  the  rail  it  may 
develop  that  an  increase  in  the  area  of  the  bearing  surface  may  not  be 
necessary  or  sufficiently  advantageous  to  justify  its  cost,  the  thought 
being  that  if  the  plate  cuts  vertically  and  evenly  into  the  tie,  this  cutting; 
might  not  shorten  its  life  unreasonablv.  (See  letter  WGC  to  SCL  9-17- 
14_pp.  243,  244.) 

Plans  were  prepared  for  seven  new  types  of  tie-plates  which  were 
tentatively  adopted  April  19,  1915,  subject  to  revision  as  to  thickness 
when  the  results  of  the  field  tests  of  loads  imposed  on  tie-plates  became 
available.  These  results  being  before  the  Committee  at  its  meeting  June 
15,  1915  (see  p.  25)  the  question  of  proper  load  to  assume  in  designing 
tic-plates  was  considered. 

In  connection  with  the  70  mph.  test  of  load  imposed  on  each  tie- 
plate,  attention  was  called  to  the  fact  that,  while  at  two  points  about  20 
ft.  apart,  a  loading  of  about  35,000  lbs.  (inc.  dynamic  augment  and  impact) 
was  reached,  none  of  the  other  tie-plates  carried  more  than  26.000  lbs. 
(averaging  the  six  runs,  the  speed  being  virtually  the  same  on  all  runs). 
Tt  was  unanimously  decided  to  use  a  load  factor  of  26.000  lbs.  in  design- 
ing tie-plates  for  use  in  tangent  track  and  under  the  outer  rail  on  curves, 
and  36,000  lbs.  for  tie-plates  to  be  used  under  the  inner  rail  on  sharp 
curves  under  heavy  traffic.  After  reading  a  statement  of  the  fiber  stress 
at  clastic  limits  of  various  woods  as  determined  by  United  States  Govern- 
ment tests  (see  p.  199)  it  was  decided  to  adopt  a  loading  factor  of  400 
lbs.  per  square  inch  for  hardwoods  and  300  lbs.  for  softwoods. 

As  the  load  per  square  inch  (including  dynamic  augment  and  im- 
pact), using  the  factor  of  26,000  lbs.  agreed  upon  for  tangent  track  and 
the  outer  rail  of  curves,  would  be  265  lbs.  for  a  7  inch  by  14  inches  and 
232  lbs.  for  a  7  inch  by  16  inches  tic-plate,  and  as,  even  with  the  factor  of 
36,000  lbs.  adopted  for  inner  rail  of  sharp  curves  under  heavy  traffic 
(where  softwood  tics  would  not  be  used)  these  loads  would  be  only  367 
lbs.  and  321  lbs.  respectively,  it  was  considered  that  the  dimensions  pre- 
viously agreed  upon,  viz.,  7  inch  by  14  inches  and  7  inch  by  16  inches  were 
sufficiently  liberal. 

It  was  agreed  that  the  thickness  of  the  plates  should  be  such  that 
the  adopted  loadings  of  26.000  lbs.  and  36.000  lbs.  would  not  Induce  a 
creater  fiber  stress  than  30,000  lbs.  per  square  inch  (that  being  th' 
average  elastic  limit  of  tie-plate  steel). 

It  was  also  decided  to  lay  a  stretch  of  track  with  the  new  P.  R.  R. 
standard  7  inches  by  12  inches  by  }i  inch  tie-plates  for  comparison  (the 
load  per  square  inch  on  the  latter  being  310  lbs.  with  the  26.000  factor 
and  429  lbs.  with  the  36,000  lbs.  factor).  It  was  also  decided  to  lay  one- 
half  of  the  tic  plates  of  each  kind  on  white  oak  tics  and  one-half  on  long- 
leaf  yellow   pine  ties. 

In  conformity  with  the  above  and  previous  decisions  of  the  Committee, 

the  program   for  the  proposed  tests  is  as  follows: 
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Type  Material  Dimensions 

8a  i  Wrought  steel  7xi4"xi"    and  M" 

8  a2  "  7xl4"xi"      "     %" 

8a3  "  7xi4"x%"    "    % 

8a4  "  7xi4"x%"    "    %" 


li" 
%" 


Tie 
Spikes   Cmbaer     Plates  Plan 
4  nail  None     20     62078 

4  screw  "  20     62078 

4  nail  20     62078 

4  screw  "  20     62078 


8bi 
8b2 
8b3 
8b4 

<( 
a 
u 
« 

7xi4"xi" 
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9b  1 

9  b  2 

u 
it 
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10  a  1 
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a 
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10b  1 
10  b  2 

a 

7xi4"x2" 
7xi4*x2ff 

11  a  1 
1 1  a  2 

a 
U 

7xi6"x2" 
7xi6"x2" 

11  b  1 

11  b2 

a 

7xi6"x2" 
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12  a  1 
12  a  : 

« 
« 

7xi6"x2" 
7xi6"x2ff 

12  b  1 

12  b  2 

a 

a 

7xi6"\2" 
7xi6"x2" 

13  a  I    *  Wrought  steel  7xi4"x^" 
13  3  2                                 7xi4"x%" 
13  a  3                                 7xl4"x')ifi'' 
1334                                 7Xi4"xlJlo" 

13  b  1 

'3  b  2 
13b  3 
13  b  4 

a 

« 
it 
a 

7xi4"x7^" 
7xi4"x%" 
7xi4"x%" 
7xi4"x%" 

14  a  1 
14  a  2 

14  3  3 
1434 

u 
a 

7xi6"xi" 
7xi6"xi* 
7xi6"x^" 
7xi6*x^* 

14  b  1 

14  b2 
14  b  3 
'4b4 
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7xl6ffxi" 
7xl6"xi" 
7xl6"x^" 
7xi6"x%" 

15  a 
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X" 


None 
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4  nail 
4  screw 
4  nail 
4  screw 

4  nail 
4  screw 

4  nail 
4  screw 

4  nail 
4  screw 

4  nail 
4  screw 

4  nail 
4  screw 

4  nail 
4  screw 

4  nail        None 
4  screw 

4  nail 
4  screw 

4  nail 
4  screw 
4  nail 
4  screw 

4  nail 
4  screw 
4  nail 
4  screw 

4  nail 
4  screw 
4  nail 
4  screw 

4  nail 

4  screw 

4  nail 

4  screw  " 

4  nail 

4  nail  " 


20  62078 

20  62078 

20  62078 

20  62078 

20  16476-4 

20  16476-1  &  3 

20  16476-4 

20  16476-1&3 

20  16476-4 

20  16476-1&3 

20  16476-4 

20  16476-1&3 

20  16476-5 

20  16476-2 

20  16476-5 

20  16476-2 

20  16476-5 

20  16476-2 

20  16476-5 

20  16476-2 

20  62079 

20  62079 

20  62079 

20  62079 

20  62079 

20  62079 

20  62079 

20  62079 

20  62080 

20  62080 

20  62080 

20  62080 

20  62080 

20  62080 

20  62080 

20  62080 

40  6- 1 7> 

40  62175 


NOTE.    Thickness   for   load   of   36,000  lbs.   indicated  1>>    sub-nos    l 
ind  2;  thickness   for  luad  of  26,000  lbs.  indicated  bj    sub  nos    3  and   \. 
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nail  spikes  indicated  by  sub-nos.  1  and  3 ;  screw-spikes  indicated  by  sub- 

:  and  4;  white  oak  ties  indicated  by  a;  yellow  pine  ties  indicated  by  b. 

(For  plans  of  proposed  tests  see  inserts,  pp.  246,  247.) 

At  the  meeting  of  April  19,  1915,  it  was  decided  to  make  a  trial  of 

the    double    tie    with    "T"    tie-plates    at    joints    as    recommended    by    G. 

Lindenthal  in  his  report  upon  steel  rails.     (For  plan  see  p.  247.) 

In  .May.  1915,  two  hundred  wrought  steel  tie-plates  7  inches  by  16 
inches  by  V/?  inches  were  placed  in  the  eastward  passenger  and  freight 
track  on  a  5  degree  45  minute  curve  east  of  Birmingham,  100  being 
secured  with  screw-spikes  and  100  with  nail  spikes.  (See  pp.  248-250  for 
plans  and  statement  of  cost.)  These  tie-plates  have  not  been  in  service 
long  enough  to  form  any  positive  conclusions,  but  it  is  noticed  that 
although  the  cutting  of  the  ties  is  very  slight,  it  is  all  at  the  outer  end 
of  the  plate,  notwithstanding  the  fact  that  the  outer  end  is  2  inches 
farther  from  the  rail  than  the  inner  end,  which  may  indicate  that  the 
remedy  for  unsymmetrical  penetration  of  tie-plates  into  ties  lies  in 
inclination  of  the  rail  rather  than  in  unsymmetrical  design  of  tie-plate. 

\n  May,  1914,  Mr.  Shand  brought  up  the  question  of  vertical  clear- 
ance between  spike  and  rail  and  was  informed  that  such  clearance  had 
always    been    advocated    by    the    chairman    of    the    Committee,    but    that 
some  of  the  members  had  not  been  in  accord  with  this  view. 
(See  pp.  251,  252.) 
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For   Diagrams   accompanying    Monograph   on 

Screw-Spike    and    Tie-Plate    Test, 

see   inserts  at  end   of  volume. 
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Type  la. 


Type  lb. 

SCREW-SI'IKK     I'.XI'I.UIMI.NT       BlKM  1NC.M  A  M  ;      MAY,     1910. 
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-*•*»* 


Type 


Type  3. 
Screw-Sim ke  Experiment — Birmingham;  May,  1910.' 
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Type  4a. 
Screw-Spike  Experiment    ^Birmingham;  May,  1910. 


Typi 
Screw-Spike  Experiment — Wooster,  Ohio. 
Low  end  of  tic  to  right.     Note  cow-hair  pad  projecting  t'rom  under  plate 
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Type  4b. 


Type  6a. 
Screw-Spike  Experiment — Birmingham  ;   May,  1910. 


PENNSYLVANIA  SYSTEM. 


41 


Type  6a. 
Screw-Spike  Experiment — Wooster,  Ohio. 


Type  6B. 
Screw-Spike  Experiment— Birmingham  ;   May,  1910. 
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Type  7a. 


Type  7b. 
Screw-Spike  Experiment— Birmingham  ;  May,  1910. 
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Type  7b. 
Screw-Spike  Experiment — Wooster,  Ohio. 


INSTRUCTIONS    GOVERNING    THE    INSTALLATION   AND    IN- 
SPECTION   OF    EXPERIMENTAL  TRACK  MATERIAL  IN 
CONNECTION    WITH    SCREW-SPIKE    TEST,    JUNE 
21,  1909.     REVISED  FEBRUARY  8,  1910. 

(1)  The  Division  Engineer  of  the  Division  upon  which  the  experi- 
ment is  to  be  made  (Lines  East — Chief  Engineer  Maintenance  of  Way 
Lines  West)  shall  supervise  the  installation  and  maintenance  of  experi- 
mental track  under  the  direction  of  the  Committee,  and  he  shall  appoint 
a  competent  man  to  take  direct  charge  of  the  installation  and  the  collec- 
tion of  cost  data. 

(2)  An  Inspector  is  to  be  sent  from  the  offices  of  the  Chief  Engi- 
neers Maintenance  of  Way  of  the  Lines  East  and  West,  respectively,  to 
supervise  the  work  during  the  installation,  and  check  cost  data.  He  shall 
keep  complete  records  of  the  cost  of  installation,  and  upon  completion 
of  each  section,  forward  the  record  of  cost  of  same  on  form  M.  W. 
Exp. — A,  to  the  Inspector  appointed  by  the  Joint  Committee.  (See  para- 
graph 14.) 

(3)  The  location  of  the  different  kinds  of  experimental  track  shall 
be  indicated  by  boards  showing  the  type  of  experiment  and  date  of 
installation,  the  boards  to  be  put  in  at  the  ditch  line.  (See  Exhibit  "A" 
pp.  45  and  46.) 

(4)  The  crcosoted  ties  which  arc  to  be  used,  shall  be  shipped  to  a 
designated  place,  where  the  holes  for  the  screw-spikes  shall  be  bored, 
the   rail   fastenings   applied,   and   nails   to   designate   the   BpedeS   of   timber 


44  SCREW-SPIKE  AND  TIE-PLATE  TEST. 

inserted.  If  it  is  known  definitely  when  the  ties  will  be  placed  in  track, 
the  nails  with  date  should  also  be  inserted  in  this  place.  The  letters 
"RO"  shall  be  used  for  red  oak,  the  letters  "LP"  for  loblolly  pine,  and 
the  letters  "YP"  for  yellow  pine.  These  nails  shall  be  made  and  placed 
in  accordance  with  the  specifications  adopted  by  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association. 

(5)  The  holes  shall  be  machine  bored,  using  a  steel  templet  to  mark 
their  position  (suggested  design  attached— Exhibit  "B",  p.  47)  and  suit- 
able appliance  shall  be  used  for  maintaining  the  augers  absolutely  per- 
pendicular to  the  rail  scat.  The  augers  shall  have  a  center  point  to  insure 
the  boring  of  the  holes  strictly  in  accordance  with  the  templet  marks, 
and  the  holes  shall  be  bored  to  a  depth  of  one  inch  in  excess  of  the  pen- 
etration of*  the  screw-spike,  as  shown  on  the  plan — the  augers_  being 
provided  with  a  gage  to  insure  proper  depth  of  hole  without  variation. 

(6)  In  the  oak  ties,  the  diameter  of  the  holes  shall  be  the  same  as 
that  of  the  core  of  the  screw-spike,  and  in  the  pine  ties  this  diameter 
shall   be  one-thirty-second    (1/32  inch)    of  an   inch  less  than   the  core. 

(7)  The  ties  must  have  a  true  surface  for  the  tie-plate  seat  before 
boring. 

(8)  Tie-plates  which  have  screw-spikes  holding  the  plate  to  the  tie, 
independently,  of  the  screw-spike  holding  the  rail,  shall  be  securely 
fastened  to  the  ties  with  the  outside  screw-spikes  turned  home;  the  other 
screw-spikes  or  clips  may  be  attached  or  shipped  separately,  as  found 
most  desirable. 

(9)  No  holes  are  to  be  bored  for  the  present  standard  track  spikes. 

(10)  The  ties  must  not  be  pulled  into  the  track  by  sticking  picks 
into  them. 

(11)  Screw-spikes  must  not  be  driven  into  the  tie,  they  must  be 
screwed  in  by  use  of  proper  wrench. 

(12)  A  daily  report  of  work  done  shall  be  made  by  the  Foreman 
on  form  M.  W.  Exp. — B,  approved  by  the  Supervisor,  and  forwarded  to 
the  Inspector  appointed  by  the  Division  Engineer  Lines  East — Chief 
Engineer  Maintenance  of  Way  Lines  West.     (See  paragraph  1.) 

(13)  The  Inspector  appointed  by  the  Division  Engineer  (Lines  East 
— Chief  Engineer  Maintenance  of  Way,  Lines  West  (see  paragraph  1) 
shall  make  weekly  inspections  and  forward  reports  of  the  same  on  form 
M.  W.  Exp. — C,  to  the  Inspector  appointed  by  the  Joint  Committee  (see 
paragraph  14)  transmitting,  with  his  weekly  reports,  the  daily  reports 
of  work  done,  which  he  receives  from  the  Supervisor. 

(14)  Regular  inspections  of  the  experimental  track  on  both  the 
Lines  East  and  West,  shall  be  made  once  each  month  by  a  competent 
man  appointed  by  the  Joint  Committee  on  Screw-Spike  Tests.  The 
results  of  these  experiments  shall  be  recorded  on  form  M.  W.  Exp. — C. 
The  Inspector  shall  also  keep  a  detailed  record  of  the  cost  of  mainte- 
nance of  the  experimental  track  on  form  M.  W.  Exp. — D.  The  originals 
of  these  reports  are  to  be  kept  in  the  files  of  the  Committee,  and  copies 
furnished  to  the  Chief  Engineers  Maintenance  of  Way  of  the  Lines  East 
and  West. 

(15)  The  Joint  Committee  on  Screw-Spike  Tests  shall  make  an 
inspection  once  every  three  months  during  the  first  year,  and  once  every 
m\-  months  thereafter,  and  will  make  a  report  to  the  General  Managers 
of  the  Lines  East  and  West. 

(16)  After  the  installation  of  the  above  experimental  track  material, 
no  change  must  be  made  in  the  conditions,  except  in  case  of  emergency, 
without  written  authority  from  the  Joint  Committee  on  Screw-Spike 
Tests. 

(17)  Should  anything  of  importance  develop  between  the  regular 
inspections  prompt  notice  of  the  occurrence  must  be  sent,  by  the 
Engineer  of  the  Division,  to  the  Chief  Engineer  Maintenance  of  Way. 
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M.  W.  Exp, 

Pennsylvania  Railroad  System 

SCREW  SPIKE  EXPERIMENTS 
Record  of  Cost  of  Installation  of  Experimental  Track  at 


Type  of  Track  length 


Description 


Installed, 


191. 


Sketch    j 


ITEMS 

NUMBER 

TOTAL  COSTS 

UNIT  COSTS 

Ties 

a.     Original  cost 

b.     Freight    Delivered  to  Railroad) 

r       Tnilmnnl    /Including  labor  and  material,  unloading  from  can.  1 
c.       I  reaimeni    („„dllnll  „  0|a„,    ,nd  |0,dlna  fo,  jhiomonl.              1 

d.     Preparation  of  tie  fastenings— boring,  handlinp 

e      Freight  from  treating  plant  to  destination,  if  any 

t.      Labor  unloading  and  distributing  at  the  track 

g.     Labor  placing  In  track,  exclusive  of  lining  and  surfacing 

Totals  (Ties  in  place) 

Rail  Fastenings  (Tie  plates,  spikes  and  pads) 

a.     Tie  plates,  kind 

b.     Screw  6pikes                      diam.                      length 

0.     Spikes  (ordinary  railroad) 

d.     Clips— if  used 

e.     Cow  hair  pads— if  used 

t.      Labor— application  of   plate  and  screws 

TOTALS— Rail  Fastenings 

TOTALS— Ties  and  Rail  Fasteninos 

Unit  costs  ol  the  above  (exclusive  ot  rail,  ballast  and  first  lining  and  surfacing)  : 
Par  loot  ol  track     ....                                                   j 

Pv  mil*  ot  track    .... 

PENNSYLVANIA  SYSTEM. 
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M.  W.  Exp.— B. 


Pennsylvania  Railroad  System 

Daily    Report   of  Work    Done    by   Trackmen    on    Experimental  Track  at 
Kind  of  Track     Date 


KIND    OF    WORK    DONE 

NUMBER 
OF  HOURS 

RATE 
PER  HOUR 

TOTAL 

Surfacing 

Lining 

Gauging 

Tightening  Rail  Fastenings 

Renewing  Rail  Fastenings 

Tightening  Joint  Bolts 

Renewing  Joint  Bolts 

TOTALS 

Material  used  replacing  worn-out  or  broken  material,  No.  Kind 

Exclude  from  this  report  all  labor  ditching,  policing,  and  cleaning  right  of  way. 

To  be  made  out  DAILY  and  forwarded  to  the  Inspector  appointed  by  the  Joint  Committee 

When  no  work  Is  done  make  a  report  to  that  effect. 


Supervisor 
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Pennsylvania  Railroad  Sy: 

Report  of  Physical  Conditio*  of  Experimental  Track  at 
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M.  W.  Exp.— D 

Pennsylvania  Railroad  System 

Record  of  Cost  of  Maintenance  of  Experimental  Track  at 

Month  of 

TYPE  OF  TRACK 

SURFACING 

LINING 

GAUGING 

Tightening 
Rail 

Renewing 
Rail 

Tightening 
Joint 

Bolts 

Renewing 
Joint 
Bolts 

TOTAL 

LABOR 

COST  OF 
MATERIAL 
USED  IN 
RENEWAL 

GRAND 
TOTAL 

For  Month 

1-a 

1-b 

2 

3 

4-a 

4-b 

6-a 

6-b 

7-a 

7-b 

Total  to  Date 


1-a 

1-b 

2 

3 

4-a 

4-b 

6-a 

8-b 

7-a 

7-b 

NOTE  :— Thin  reoord  to  bo  compiled  monthly,  in  duplicate,  In  otfioe  of  Chief  Enrjineer  Maintenance  of  Way 
and  copies  furnished  to  Chiel  Engineer!  Maintenance  ol  Way,  Lines  East  and  West. 
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SCREW-SPIKE  AXD  TIE-PLATE  TEST. 


Cow-Hair  Pad  Placed  Under  Malleakle  Iron  Tie-Plate. 
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Type  4a. 
Note  cow-hair  pad  squeezed  away  from  outside  end  of  plate. 


Type  4a. 
Note  pieces  of  cow-hair  pad  lying  on  tic. 
Screw-Spike  Experiment— Wooster,  Ohio. 
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Condition  of  Spike  Hole. 
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I  ■  ^H 


Type  4b. 
Condition  ok  Spike  Holes,  July  26,  1911— Birmingham. 


PENNSYLVANIA  SYSTEM. 


59 


•'- 


i 


V 


Type  6b 
Penetration  of  Tie-Plate  into  Tie,  February,  191-1 — Birmingham 
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S./row    Spike    Exjfer 

BirrptfigliatTi 

Type   6% 

Widened   gauge 

February,     T9H 


Type  6a. 
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Showing   Cutting  of  Plates   into  Ties   and   Destruction    of   Screw 
Threads  in  Wood. 
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Showing   Cutting   of  Plates   into  Ties  and  Destruction  of  Screw 
Threads  in  Wood. 


64 


SCREW-SPIKE  AND  TIE-PLATE  TEST. 


LaKhoysky 
Split  Lining 

Jcre^  Spike  r-sl 
Birmingham-,  fa 

and 
booster, u- 


V** 


PENNSYLVANIA  SYSTEM. 


65 


66 


SCREW-SPIKE  AND  TIE-PLATE  TEST. 


PENNSYLVANIA  SYSTEM. 


67 


it. 


H* 


68 


SCREW-SPIKE  AXD  TIE-PLATE  TEST. 


PENNSYLVANIA  SYSTEM. 


69 


70 


SCREW-SPIKE  AND  TIE-PLATE  TEST. 


PENNSYLVANIA  SYSTEM. 


71 


72 


SCREW-SPIKE  AND  TIE-PLATE  TEST 


PENNSYLVANIA  SYSTEM. 


73 


X 


Screw  Spike  Experiment 

Birmingham 

No.  9 

Showing  cutting  of  plate  into  tie 
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Altoona,  Pa.,  July  30,  1915. 
Subject:     Tests   to    determine   resistance   offered   in   withdrawing   screw- 
spikes  from  ties. 

Mr.  J.  T.  Wallis, 

General  Superintendent  Motive  Power. 

Dear  Sir : — 

Replying  to  your  memorandum  of  July  16th  with  letter  from  Mr. 
< 1.  W.  Creighton,  General  Superintendent,  dated  July  15th,  asking  for 
tests  to  determine  the  force  necessary  to  withdraw  screw-spikes  from 
plugged  holes  in  cross-ties,  we  have  completed  tests  on  eight  cross-ties 
with  the  following  results: 

Cross-tie   No.   i.     Loblolly  Pine  Creosoted,  Marked  Experiment  ?-B 
Movement  Measured  from  Bottom  of  Tie 

Spike  No. 


Load.  Lbs. 

/ 

2 

3 

4 

500—0 

1000 

0 

0 

0 

0 

2000 

.30 

.025 

0 

0 

2260 

Out 

3000 

.075 

.029 

.014 

3380 

Out 

4000 

.045 

.029 

5000- 

.074 

.045 

6000 

.106 

.071 

6450 

Out 

7000 

.115 

7500 

Out 

Crass- tie  No.  2. 

Loblolly 

Pine 

Creosc 

ted, 

Marked 

P.: 

:p  crime  i, 

500—0 

1000 

0 

0 

0 

0 

2000 

0 

0 

.017 

.010 

3000 

0 

0 

.021 

.019 

4000 

.087 

.016 

.041 

.027 

4270 

Out 

47K) 

Out 

5000 

.036 

.127 

5080 

Out 

6000 

.131 

6140 

Out 

( 'toss  tie  No.  .?. 

Loblolly 

Pine 

Creosc 

ted, 

Marked 

Experimer 

Movement  Measured  f, 

rom  Bottom 

•  of  Tie 

Spike 

No. 

Load.  Lbs. 

i 

2 

.? 

4 

500—0 

0 

0 

0 

0 

1000 

.050 

0 

0 

0 

1870 

Out 

2000 

.015 

.010 

0 

3000 

.082 

.023 

.010 

3460 

Out 

•li  ii  in 

.029 

.016 

4840 

Out 

5000 

.051 

5750 

Out 

7-B 
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500—0 
1000 
2000 
3000 
4000 
4680 
5000 
6000 
7000 
7710 
8000 
9000 
9430 
Cross-tie  No. 
500—0 
1000 
1380 
2000 
3000 
3700 
4000 
4750 
5000 
6000 
7000 
8000 
8870 
Cmss-tie  No.   6, 


Load.  Lbs. 
500—0 

1000 

2000 

2730 

3000 

4000 

5000 

6000 

6110 

7000 

7830 

8000 

9000 
10000 
10100 


Cross-tie  No.  4.    Oak  Creosoted 


0 

0 

.015 

.028 

.038 
.060 
.065 

.092 
.205 
Out 


0 

0 

0 

.019 

Out 


0 
.020 
.025 
.039 

.054 
.083 
.113 
Out 


0 

0 

.027 

.038 

Out 


5.     Oak   Creosoted,  Marked  Experiment  ?-A 


.027 
Out 


0 

.010 

.044 
Out 


0 

.010 
.045 

.105 
Out 


0 

0 
0 

.010 

.020 
.039 
.082 
.128 
Out 
Mixed  Oak  Creosoted,  Marked  Experiment  f-A 
Movement  Measured  from  Bottom  of  Tie 


1 

0 

0 

.008 

.019 
.034 
.061 
.127 
Out 


Spike  No. 


2 

0 
0 
0 

.010 
.023 
.034 
.047 

.055 

.077 
.106 
.233 
Out 


3 

0 
0 
0 

.012 
.027 
.039 
.052 

.088 
Out 


4 

0 

0 

.013 

Out 


Cross-tie  No.  7.    Loblolly  Pine  Creosoted 

Movement  Measured  from  Bottom  of  Tie 

Spike  \ 


Load.  Lbs. 

/ 

2 

■^ 

4 

500—0 

(1 

0 

0 

0 

1000 

.041 

.037 

036 

.011 

1750 

Out 

2000 

.318 

.158 

.041 

2140 

Out 

2540 

Out 

2780 

Out 
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Mixed  Oak  Creosoted 

red  from  Bottom  o, 
Spike  No. 


Cross-tie  No.  8.    i 

Mixed 

Movement  i 

Measu 

Load.  Lbs. 

i 

2 

500—0 

0 

0 

1000 

0 

0 

2000 

.006 

.011 

3000 

.013 

.019 

4000 

.022 

.059 

4940 

Out 

5000 

.030 

6000 

.038 

7000 

.050 

7960 

8000 

.086 

8810 

Out 

3' 

4 

0 

0 

0 

0 

.008 

.008 

.016 

.046 

.026 

Out  at  3870  lbs. 

.039 

.051 

.071 

Out 

When  these  ties  were  received,  the  spikes  were  screwed  down  tight 
on  to  the  tie-plates  and  it  was  necessary  for  us  to  remove  the  spikes  and 
take  off  the  tie-plates,  screwing  the  spikes  back  to  their  original  depth 
in  order  that  there  might  be  sufficient  distance  between  the  head  of  the 
spike  and  the  tie  to  allow  of  gripping  on  the  test  machine.  _  The  screw- 
spikes  were  all  old,  and  it  was  noticed  that  there  was  considerable  dif- 
ference in  the  appearance  and  depth  of  the  thread  on  the  various  spikes, 
some  of  them  being  very  badly  corroded.  Tests  were  made  with  the 
1  inch  screw-spikes  only,  these  were  6  inches  long  and  screwed  into  the 
plugs  5  inches  deep.  In  all  cases  the  plugs  pulled  out  either  entirely  or 
partially  along  with  the  screw-spike. 

For  comparison  with  the  screw-spikes,  I  give  below  results  of  tests 
made  on  straight  nail-spikes : 


Movement  Measured  from  Bottom  of 

Tie 

Kind 

of   Tie 

Mixed  Oak 

Loblolly  Pine 

Oak  Creosoted 

Creosoted 

( 

Zreosoted 

Spike 

No.— 

I         2 

3       4 

I        2        3 

4 

I 

2       3       4 

Load.  Lbs. 

500—0 

0       0 

0       0 

0       0       0 

0 

0 

0       0       0 

1000 

0  .002 

.005  .003 

.002  .003  .001 

.004 

.003 

.002  .003  .004 

2000 

.007  .005 

.010  .008 

.005  .008  .007 

.009 

.006 

.008  .013  .009 

2720 

Out 

3000 

.015  .009 

.017  .012 

.010  .013  .011 

.015 

.018  .027  .016 

3760 

Out 

3840 

Out 

4000 

.026  Out 

.025  .018 

.018  .020  .016 

.048          .030 

4480 

Out 

4900 

Out 

5000 

.038 

.030  .026 

.084  .029  .025 

5420 

Out 

5480 

Out 

5720 

Out 

6000 

.036 

.045  .036 

6690 

Out 

6960 

Out 

7000 

.063 

8000 

.084 

8760 

Out 
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Summarizing  the  results  obtained  on  both  screw-  and  nail-spikes,  we 
have  the  following  comparison: 


Number  tested— 

Pnllins-  load  below  2000  lbs. 

Fulling  loaa  ^^  ?m  &nd  3m  lbs 

3000    "    4000    " 


4000 
5000 
6000 
7000 
8000 
9000 
10000 


5000 
6000 
7000 
8000 
9000 
10000 
11000 


Screw 

32 

3 

5 
4 
7 
2 
3 
4 
2 
1 
1 


Nail 
12 

0 

1 

3 

2 

3 

2 

0 

1 

0 

0 


T,      n.n„B   ca„re.    seem   to   be   too  unequal  to   average   for   pulling 

nail-spikes  5U  per  ce"1-  w  ■  ld  seem  as  if  the  screw-spikes  in 

pluggeffiesrvt'consideVed  to  have  about  the  same  holding  power 

"  %?&?*? cr^tS!1^  and  tie-plates  in  .the  laboratory,  and 
would  be  glad  to  be  advised  disposition  of  this  material. 
Yours  respectfully, 

(Signed)     C.  D.  Young, 

Engineer  of  Tests. 
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Cutting  of  Tif.  isy  Rah    anii  Abrasion  ok  Lower  Edge  of  Tie  Outside 

of  Rail. 


Type   3.     Woostei 

Good  Condition  of  Spike  Hon.    Spiki  Had  Penetrated  ro  Bottom  ok 

]  [oi  i 
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Tie  Shown  With  Tie-Plate  Removed. 


Type  lb.     Woostei. 
Tie   Shown-    Cut  Through    Spike   Holes   Inside  ok   Low    Rail 
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Screw-Spikes    With    Ci.ii>s. 


Type  5a.    Wooster, 
Tie  No.  23,  Above,  Removed  From   Track 
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Type   7b.     Wooster. 
Greater  Cutting  Into  Tie  Under  Outer  Edge  of  Plate. 

PROPER  SIZE  OF  TIE-PLATES. 

December  13,  1912. 
Mr.  Samuel  Rea. 

Vice-President. 
Dear  Sir: — 

In  reply  to  your  note  of  December  11th,  concerning  tie-plates;  at- 
tached is  a  blueprint,  p.  91,  showing  the  type  of  tie-plate  that  has  been 
standard  for  some  years — the  size  was  increased  from  63  square  inches 
to  68.25  square  inches  two  years  ago.  Print,  p.  92,  shows  the  tie-plate 
that  is  in  use  in  the  New  York  Tunnels,  with  an  area  of  94.5  square 
inches.  Print,  p.  93,  is  a  study  of  a  tie-plate  with  99.75  square  inches, 
of  the  general  type  of  the  New  York  Tunnel  plate,  modified  so  that  either 
screw  or  driven  spikes  can  be  used,  and  a  shoulder  on  the  inside  of  the 
rail  in  order  to  hold  the  tie-plate  in  position.  We  have  a  few  of  this 
latter  type  in  track  for  trial.  The  ties  in  the  New  York  Tunnels  were 
selected  ties. 

The  ties  wc  buy  generally  have  the  following  face  dimensions :  Pine, 
9  inches ;  oaks  and  other  hardwoods,  sawed,  8  inches ;  oaks  and  other 
hardwoods,  hewn,  7  inches.  The  hardwood  hewn  ties  are  falling  off  in 
number,  most  of  the  ties  now  being  sawed;  therefore,  we  are  getting 
probably  70  per  cent,  of  our  tics  with  eight  inches  or  more  face,  which,  if 
continued,  may  permit  us  to  increase  the  width  of  the  tie-plate  above 
seven  inches. 

Our  bridge  ties  are  all  sawed  and  a  large  number  creosoted,  and  are 
ten  inches  face.  As  these  ties  cost  four  or  five  times  as  much  as  track 
ties,  wc  propose  in  the  future  to  have  the  tie-plates  for  bridge  ties  made 


— fcsl 
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Standard  Tie-Plate. 
Area=68.25  Sq.  In. 


h-r 
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PUNCHING  FOR  ICO  LB.  TIE  PLATE 
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SECTION  AT  INTERMEDIATE  POINTS 

PUte  Inverted 

_J 
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ten  inches,  the  full  width  of  the  tie,  and  expect  in  so  doing  to  double  the 
life  of  these  expensive  ties. 

The  length  of  the  proposed  plate,  14  inches,  is  about  the  extreme 
dimension  in  this  direction.  If  we  find  that  more  area  than  about  one 
hundred  square  inches  is  necessary,  we  will  have  to  provide  it  by  ex- 
tending the  tie-plate  in  the  other  direction,  and  this  may  possibly  be 
done,  as  said  before,  when  we  are  able  to  get  all  ties  for  our  main 
tracks  with  eight  inches  or  more  face.  The  reason  the  Committee  recom- 
mended increasing  the  bearing  surface  of  tie-plates  was  because  in  our 
screw-spike  experiment,  being  conducted  on  the  Middle  Division  east  of 
Birmingham,  in  Type  7,  which  is  the  New  York  Tunnel  tie-plate  with 
94.5  square  inches  bearing  surface,  the  plates  have  cut  into  the  creosoted 
red  oak  ties  as  much  as  half  an  inch,  and  into  the  creosoted  pine  ties  as 
much  as  five-eighths  of  an  inch  in  three  years'  service,  and  we  con- 
sidered one  hundred  square  inches  the  most  we  could  economically  get 
from  a  tie-plate  seven  inches  wide. 


Yours  truly, 


(Signed)     L.  R.  Zollinger, 
Engineer  Maintenance  of  Way. 


Mr.  S.  C.  Long,  May  6>   1913- 

General  Manager. 
Dear  Sir: — 

The  Screw-Spike  Committee,  appointed  by  the  President  several  years 
ago,  which  is  investigating  the  performance  of  several  types  of  tle-platcs. 
including  the  standard  plate,  and  driven  and  screw-spikes,  has  under 
observance  the  stretches  of  track  on  Wooster  Hill,  on  the  Eastern  Di- 
vision of  the  P.  F.  W.  &  C.  Ry.,  and  east  of  Birmingham,  on  the  Middle 
Division,  Lines  East.  Inspections  have  been  made  semi-annually,  and 
one  was  due  in  April,  but  on  account  of  the  floods  on  our  Lines  West, 
our  western  members  of  the  Committee  were  unable  to  attend ;  there- 
fore, the  meeting  was  arranged  for  last  week,  but,  unfortunately,  Mr. 
Richards,  the  Chairman,  and  Messrs.  Johnson  and  dishing,  of  the  Lines 
West,  were  unable  to  attend.  There  was  present  Mr.  Trimble,  Mr. 
Creighton  and  myself ;  we  spent  one  day  at  Wooster  and  the  next  day  at 
Birmingham. 

On  account  of  the  volume  of  traffic  at  Birmingham  being  three  times 
what  it  is  at  Wooster,  the  results  at  Birmingham  are  comparatively  more 
striking,  and  while  nearly  all  of  the  types  of  the  experiments  on  the 
Wooster  Hill  are  in  pretty  good  shape,  at  the  present  time  at  Birming- 
ham the  weaknesses  have  developed  in  such  a  way  that  several  types 
without  doubt  can  be  eliminated.  There  are  three  points  at  present  that 
appear  settled :  First,  that  under  our  conditions  the  screw-spike  is  not 
satisfactory  or  economical ;  second,  that  a  modification  of  the  type  of 
tie-plate  which  we  used  in  the  New  York  Tunnels  will  give  the  best 
satisfaction  and  is  probably  necessary  on  curves  and  on  soft  ties  under 
heavy  traffic;  third,  that  the  present  tie-plate  with  a  little  greater  bearing 
area  will  be  satisfactory  for  tangents,  especially  on  the  branch  railroads. 

On  account  of  but  few  members  of  the  Committee  being  present  at 
the  last  inspection,  it  was  thought  best  to  make  no  report  at  this  time, 
and  that  certain  changes  be  made  in  the  experiment  east  of  Birmingham, 
one  of  which  is  to  insert  cast-iron  split  linings  to  engage  the  screw 
spikes  which  have  worn  so  loose  as  to  permit  of  their  being  drawn  out 
by  hand.  We  expect  to  have  a  full  Committee  meeting  and  go  over  the 
track  at  Birmingham  the  first  week  in  June,  when  we  may  be  able  to 
make  definite  recommendation. 

In   addition   to   the   experiments   that    are   being   carried   on,   we   are 
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developing  a  modification  of  the  New  York  Tunnel  tie-plate,  which  will 
lessen  the  number  of  screw-spikes,  possibly  cheapen  the  plate  somewhat 
and  give  a  better  supporting  shoulder  on  the  outside  of  the  rail.     We 
propose  to  make  a  rather  definite  report  in  about  a  month. 
Yours  truly, 

(Signed)     L.  R.  Zollinger, 
Engineer  Maintenance  of  Way. 

Mr.  S.  C.  Long,  July  24>  1913- 

General  Manager. 
Dear  Sir: — 

Under  date  of  December  18,  1912,  Mr.  Rea,  then  Vice-President, 
wrote  us  a  memorandum  concerning  the  proper  thickness  for  tie-plates 
of  an  approximate  area  of  100  square  inches,  and  the  question  of  using 
20  ties  per  33  ft.  rail. 

We  attach  a  copy  of  this  memorandum  and  beg  to  submit  a  brief 
report  of  our  investigations  along  these  lines,  as  follows: 

In  1907  when  the  study  of  the  track  structure  for  the  New  York 
Tunnels  was  taken  up,  the  area  and  thickness  of  the  tie-plate  was  arrived 
at  as  follows : 

The  maximum  weight  per  axle  of  the  electric  locomotives  is  52,000 
lbs.  Oak  wood  being  reasonably  capable  of  sustaining  a  load  of  about 
300  lbs.  per  square  inch,  it  was  determined  that  the  area  of  the  tie-plate 
should  be  approximately  95  square  inches,  and  in  order  to  arrive  at  the 
thickness,  experiments  were  conducted  on  18  plates  7  inches  wide  and  15 
inches  long,  making  105  square  inches  in  area;  six  of  these  plates  being 
y2  inch  thick,  four  Y\  inch,  and  six  1  inch. 

Two  plates  of  each  thickness  were  sent  to  Altoona  for  laboratory 
tests  and  4  of  each  were  placed  in  one  of  our  busiest  tracks  near  Broad 
Street  Station  in  June.  1907. 

The  Engineer  of  Tests  made  164  observations  in  the  Testing  Labor- 
atory, both  for  penetration  and  for  stiffness,  and  while  the  results  of 
the  observations  were  somewhat  indeterminate  on  account  of  the  varia- 
tion of  the  wood  (although  the  wood  was  selected  so  that  it  would  be 
as  uniform  as  possible),  the  conclusion  as  to  the  thickness  of  the  plate 
at  V%  inch  was  pretty  well  determined.  The  attached  Exhibit  "A"  will 
show  the  results  of  these  tests,     (pp.  100-109.) 

On  account  of  the  rather  indeterminate  results  the  Test  Department 
and  ourselves  agreed  that  more  reliable  conclusions  could  be  drawn  from 
the  actual  tests  in  track. 

After  observations  of  the  12  plates  in  track  at  Philadelphia  for  one 
year,  there  were  no  indications  that  even  the  thinnest  plate  was  being 
strained  beyond  its  elastic  limit.  Therefore  the  elates  were  removed 
and  installed,  in  June,  1908,  on  No.  2  track  near  Pomeroy,  which  track 
carries  our  heaviest  freight  business  at  a  pretty  high  speed.  They  were 
placed  on  three  new  ties,  and  three  ties  which  had  been  in  track  from 
four  to  eight  years.  After  observing  these  plates  at  this  point  six  months, 
they  were  found  to  be  in  exactly  the  same  condition  as  when  first  put 
in  (with  the  exception  that  two  of  the  small  lag-screws,  which  secure 
the  tie-plate  to  the  tie,  were  loose  in  a  tie  that  was  pretty  badly  de- 
cayed). None  of  the  plates  showed  any  sign  of  bending  or  of  cutting 
into  the  tics. 

It  may  be  noted  in  passing  that  when  these  plates  were  removed 
from  track  in  July,  1912,  after  a  service  of  over  four  years  under  our 
heavy  freight  traffic,  the  ->4  inch  and  1  inch  plates  were  not  bent,  and 
the  */•  inch  plates  were  bent  only  -rs  inch. 

It  was  concluded   from  these  tests  and  experiments  that  a  plate  H 
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inch  thick  would  be  ample  to  protect  the  ties  under  such  service  as  we 
would  have  at  the  New  York  Terminal,  and  the  plates  were  accordingly 
designed  7  inches  by  13^4  inches  by  Y%  inch  thick. 

After  the  plates  were  designed,  but  before  they  were  installed,  it 
was  determined  to  make  a  further,  experiment  with  a  large  number  of 
these  plates  under  our  heavy  traffic,  and  accordingly  20,000  were  ordered 
in  March,  1909,  and  installed  on  the  Middle  and  Pittsburgh  Divisions. 
Some  of  these  plates  were  installed  on  ties  8  inches  thick,  at  Barree  and 
Old  Ferry  on  the  Middle  Division,  and  at  Kittanning  Point  and  Shafton 
on  the  Pittsburgh  Division.  On  these  8  inch  ties  the  principal  thing  we 
endeavored  to  determine  was  whether  under  our  heavy  eastbound  pas- 
senger and  freight  traffic  it  would  not  be  economical  to  use  thicker  ties, 
and  at  the  same  time  to  further  consider  the  dimensions  of  the  New- 
York  Tunnel  tie-plates.  More  installations  of  this  plate  were  made  from 
time  to  time. 

At  the  present  time  there  are  119,000  plates  in  the  two  tunnels  and 
in  the  station  tracks  at  New  York.  On  the  New  York  Division  3840 
plates,  on  the  Philadelphia  Terminal  Division  1346  plates,  on  the  Middle 
Division  19,594  plates,  and  on  the  Pittsburgh  Division  2954  plates,  so 
that  we  have  146,734  plates  of  the  New  York  Tunnel  type  installed  and 
in  service,  ranging  from  1909  to  the  present  time. 

We  have  had  in  the  last  two  months  a  large  number  of  these  plates 
tested  with  a  steel  straight  edge  in  order  to  determine  whether  the 
traffic  is  straining  them  beyond  their  elastic  limit,  and  whether  it  is 
necessary  to  make  them  thicker  to  withstand  the  present  loads.  It  was 
found  on  the  Manhattan  Division  upon  examination  of  more  than  1000 
plates  only  one  plate  was  bent  as  much  as  y$  inch.  While  there  were 
some  bent  less  than  this  amount,  it  was  found  on  examination  of  75 
plates  that  had  never  been  in  track,  that  many  of  the  plates  coming  from 
the  mill  showed  a  slight  imperfection  as  to  surface,  one  of  them  being 
bent  T/&  inch,  and  therefore  it  was  determined  that  the  slight  distortion 
found  in  some  of  the  plates  had  not  been  caused  by  the  traffic.  On  the 
Pittsburgh  Division  at  Shafton  out  of  210  plates  examined,  both  on 
curves  and  on  tangents,  no  plates  were  found  bent.  This  track  carries 
the  westbound  freight  business,  a  large  portion  of  which  is  loaded.  On 
the  Horse  Shoe  Curve  about  1600  plates  were  examined  on  No.  3  track 
and  none  were  bent.  It  must  be  borne  in  mind  that  this  track  carries 
our  westbound  empty  freight  business  at  a  very  low  speed.  On  the  Mid- 
dle Division  100  plates  were  examined  in  No.  2  track  west  of  Barree 
and  none  found  bent,  and  at  Old  Ferry  100  plates  were  examined  and  none 
found  bent.  ^ 

In  No.  4  westward  freight  track  on  the  Rockville  Bridge,  40  tie-plates 
were  examined  and  none  of  them  was  found  to  be  bent.  Of  164  tie-plates 
from  the  eastward  freight  track  at  Covallen,  Durward,  Longfellow,  Arden- 
lieim  and  Huntingdon,  all  placed  on  chestnut  ties  in  1909  or  early  in 
1910,  16,  or  10  per  cent.,  were  found  bent.  All  the  bent  plates  were 
found  under  the  low  rail  of  curves. 

On  the  New  York  Division  110  tie-plates  were  examined  and  none 
found  bent  sufficiently  to  warrant  the  belief  that  they  had  been  distorted 
in  service.     One  had  a  set  of  s32  inch  and  3  others  A  inch. 

This  type  of  plate  was  installed  also  on  the  eastbound  passenger 
track  near  34th  Street  Bridge,  West  Phila.,  the  tie-plates  being  underlaid 
with  cow-hair  pads,  English  style.  In  this  track  we  inspected  100  plates 
and  found  no  indication  of  bending,  and  very  little  tendency  to  cut  into 
the  ties  or  for  the  ties  to  split. 

From  these  tests  and  from  our  experience  in  the  New  York  Tunnel 
we  are  satisfied  that  the  %&  inch  plate  is  heavy  enough  for  our  pas- 
senger traffic,  but  perhaps  not  quite  thick  enough  for  the  heavy  freight 
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traffic  which  we  have  in  No.  2  track  Middle  Division,  especially  on  the 
low  side  of  curves. 

In  regard  to  the  question  concerning  the  calculated  thickness  of 
plates  14  inches  long  (100  square  inches  bearing  surface)  following  the 
formula  by  Gustav  Lindenthal,  applicable  to  bridges,  we  would  say  that 
the  formula  embracing  300  per  cent,  of  the  load  for  impact  might  be 
correct  for  structure  of  a  character  where  the  failure  of  any  particular 
member  means  the  collapse  of  the  entire  structure.  In  the  case  of  a 
tie-plate,  however,  the  question  of  safety  is  not  involved,  for  whether 
the  tie-plate  is  strained  beyond  its  elastic  limit,  or  broken,  the  safety  of 
the  track  structure  is  not  impaired;  furthermore,  with  the  form  of  track 
structure  now  in  use,  the  rail  being  a  continuous  beam,  and  roadway 
and  tie  being  more  or  less  yielding,  the  weight  passing  over  the  road  being 
transmitted  to  the  tie-plate  and  the  tie  and  eventually  to  the  roadbed 
are  very  much  less  than  were  the  load  transmitted  directly  to  the  tie- 
plate,  tie  and  roadbed  independent  of  the  adjacent  structure.  However, 
using  the  ordinary  formula  for  bending  moment,  and  assuming  that  the 
base  of  rail  distributed  the  load  equally  on  the  portion  of  the  tie-plate 
with  which  it  is  in  contact,  and  that  the  tie-plate  is  thick  enough  to  dis- 
tribute the  load  equally  on  the  tie  throughout  its  bearing  area,  taking 
the  minimum  wheel  load  at  35,000  lbs.  and  adding  as  much  as  50  per  cent, 
for  impact  (it  being  a  question  whether  anything  should  be  added  for 
impact  when  the  additional  strength  afforded  by  the  continuous  rail  is 
considered)  a  tie-plate  7  inches  wide  and  14  inches  long,  assuming  the 
allowable  unit  fiber  stress  30,000  lbs.,  would  figure  roughly  1  inch  thick. 

The  Joint  Committee  on  Screw-Spike  Test  had  a  full  meeting  Thurs- 
day, June  26th,  and,  after  having  studied  this  problem  for  several  years, 
observing  the  tests  we  are  making  on  Wooster  Hill  on  the  Lines  West, 
and  at  Birmingham  on  the  Middle  Division,  and  data  given  you,  some 
of  the  members  were  of  the  opinion  that  54  incn  would  be  ample  and 
the  others  thought  %  inch  the  proper  thickness. 

Since  this  meeting  we  have  received  diagrams  (attached  marked 
"Exhibit  B,"  pp.  110-120)  of  some  tests  with  tie-plates  made  at  Altoona 
in  order  to  throw  more  light  on  this  subject.  The  plates  tested  were  as 
follows: 

7  inch  x  13^>  inch  x  5-s  inch 
7^2  inch  x  14  inch  x  Y\  inch 
7r/2  inch  x  14  inch  x  "v  inch 
7^2  inch  x  14      inch  x    1  inch 

The  diagrams  show  that  the  loads  necessary  to  bend  these  plates 
when  spiked  to  white  oak  ties  thai  have  been  in  service  four  years  were 
as  follows  : 

•sh  inch  plate      60000  lbs.  Minimum 
%  inch      "        90000    " 
rich      "        "0000    " 
1   inch       "       110000     " 

These  tests  show  a  ~s  inch  plate  sufficienl  and  confirm  our  experience 
in  track. 

As  noted  above,  only  17  tie  plates  7  inch  x  13'.'  inch  x  \s  inch  were 
found  bcnl  as  much  as  %  inch  out  of  about  3500  plates  carefully  tneas 

ured  will:  a  steel  si:  ,    after   from  one  to   four  \.  .  and 

all  the   1m  nt    plates   were   under  the   low   rail  on   curve  and  on  chestnut   ties. 

["herefon    il     eems   manifest    that   a   tie  plate    ',    inch   thick,   which  this 
ihows  to  have  50  per  cent,  more  stiffness  than  the   r- jj  inch  plate,  will 
he  amply   lie.,.-.    |,,   protect    tin    lie   undei    an\    traffic   we  can    foresee   at   this 
lime 
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The  following  figures  show  that  a  tie-plate  any  thicker  than  94  incn 
would  not  be  economical  compared  with  the  small  standard  tie-plate. 

The  average  price  for  an  untreated  white  oak  cross-tie  is  90  cts.,  2 
standard  tie-plates  and  fastenings  38  cts.,  the  cost  of  installation  under 
our  heavy  Main  Line  traffic  is  40  cts.,  making  a  total  of  $1.68,  and  its 
life  is  six  years,  which  results  in  a  cost  per  annum  of  38  cts. 

If  we  were  to  assume  that  the  application  of  large  tie-plates  would 
increase  the  life  of  the  tie  to  ten  years,  the  amount  of  money  we  could 
afford  to  put  into  the  tic-plates  and  fastenings  would  not  exceed  80  cts. 
or  40  cts.  per  plate  including  fastenings,  as  this  would  also  be  equivalent 
to  an  annual  expenditure  of  38  cts. 

Ten  years  may  seem  a  short  life  for  a  tic  adequately  protected  from 
mechanical  destruction,  but  it  must  be  borne  in  mind  that  the  traffic  we 
are  considering  is  our  heaviest  and  fastest  business  on  stone  ballasted 
track  which  is  constantly  being  tamped,  and  after  observations  it  is  a 
question  whether,  with  the  best  protection  on  the  top  of  the  tie  with  a 
plate  such  as  we  are  describing  would  afford,  the  bottom  of  the  tie  would 
resist  tamping  more  than  ten  years.  A  tic-plate  costing  not  more  than 
40  cts.  for  both  fastenings  and  plate  would  weigh  approximately  21  lbs., 
which,  distributed  over  100  square  inches,  would  result  in  a  plate  94  inch 
thick.  Therefore,  based  on  experience  in  the  last  five  years  with  plates 
approximating  95  square  inches  of  bearing  surface,  based  on  such  calcu- 
lations as  we  think  applicable  to  the  problem,  and  based  on  the  econom- 
ical side,  a  tie-plate  should  not  be  more  than  94  incn  thick. 

In  regard  to  the  experiments  being  conducted  on  the  Lines  East 
and  West  with  tie-plates  being  made  of  two  areas,  the  smaller  one  being 
practically  63  inches  and  the  larger  one  approximately  93  inches.  _  The 
cutting  of  the  ties  on  the  Lines  West  after  three  years  of  service  is 
very  slight,  the  oak  ties  showing  practically  no  cutting — while  on  the 
pine  ties  it  is  just  noticeable.  At  Birmingham  on  the  Middle  Division, 
Lines  East,  where  the  eastbound  passenger  and  freight  businesses  con- 
centrated on  the  experimental  track,  the  cutting  in  the  ties  is  quite 
marked.  The  various  tests  are  conducted  on  botli  tangents  and  6°  curves, 
and,  while  there  is  very  little  cutting  on  the  tangents,  the  tic-plates  on 
the  low  sides  of  the  curves  (especially  the  small  tie-plates)  have  cut  in 
more  than  T<  inch.  The  large  tie-plates  have  cut  in  from  %  inch  to 
l/2  inch.  On  the  high  sides  of  these  curves  there  is  some  cutting,  but 
it  is  not  very  noticeable. 

On  those  ties  where  the  large  plate  is  firmly  joined  to  the  tieby  four 
spikes,  so  that  there  is  practically  no  movement  between  the  tie-plates 
and  the  ties  the  cutting  is  not  as  great  as  where  the  tie-plate  has  not  been 
rigidly  fastened  to  the  tie,  so  that  the  cutting  cannot  be  attributed  to 
the  crushing  under  the  weight,  but  rather  to  the  wear  and  abrasion  of 
the  tie  due  to  the  movement  of  the  plate.  By  fastening  the  plate  to  the 
tie  more  rigidly  this  abrasion  or  cutting  can  be  materially  reduced. 

The  1  inches  lor  the  tie-plate  as  determined  by  K-29  Com- 

mittee and  as  determined  by  our  figures  and  observations,  is  the  maxi- 
mum that  can  be  economically  considered,  unless  the  cost  of  cross-ties  is 
very  much  incn  ased  in  the  next  five  years.  While  our  experiments  at 
Birmingham  and  Wooster  have  been  made  with  creosoted  ties,  we  do 
not  consider  that  creosoted  mixed  oaks,  birches,  beeches  and  maples 
would  be  as  economical  in  our  Main  Tracks  on  stone  ballast,  as  a  white 
oak  tie,  for  the  reason  that  whether  creosoted  or  not,  the  abrasion  of  the 
under  side  of  the  tie  due  to  tamping  of  the  ballast  will  not  permit  of  a 
life  of  an  untreated  white  oak  tie  longer  than  its  decay  period,  and 
wotdd  not  permit  of  the  life  of  a  creosoted  tie  more  than  half  of  its 
period.  Our  treated  ties  are  being  located  on  parts  of  the  road 
where   we   expect,   with   tie-plates  protection,  they   will  give  us   from   six- 
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teen  to  twenty-four  years'  life.  White  oak,  which  is  untrcatable  and  the 
hardest  and  best  wood  we  know  of,  being  available  in  considerable  quan- 
tities (and  will  probably  be  available  in  sufficient  quantities  for  the  heav- 
iest part  of  our  Main  Line  traffic  for  some  time  to  come)  we  are  not 
in  the  position  of  being  forced  to  inferior  woods  for  our  heaviest 
business. 

In  regard  to  the  use  of  20  ties  to  a  33  ft.  rail,  comment  is  made  that 
ties  placed  so  close  together  as  this  rule  necessitates,  the  tamping  cannot 
be  properly  done.  In  defence  of  this  practice  we  would  state  that  the 
following  roads  have  used  18  ties  to  a  30-ft.  rail,  or  20  ties  to  a  33- ft. 
rail  length  for  some  years :  Denver  &  Rio  Grande ;  Chicago,  Burlington 
&  Quincy;  Chicago,  Rock  Island  &  Pacific;  St.  Louis  &  San  Francisco; 
Grand  Trunk;  Missouri,  Kansas  &  Texas;  Colorado  &  Southern;  Maine 
Central;  Chicago  &  Eastern  Illinois;  Chicago,  Indianapolis  &  Louisville; 
El  Paso  &  Southwestern;  St.  Louis,  Brownsville  &  Mexico;  Michigan 
Central. 

Our  Lines  West  adopted  this  as  its  standard  last  year,  after  having 
tested  track  so  constructed,  covering  a  period  of  a  year.  Their  Foremen 
and  Supervisors  state  that  it  is  not  difficult  to  tamp  ties  so  spaced,  and 
this  is  borne  out  by  our  experience.  For  20  years  at  least  the  distance 
between  the  bearing  surfaces  of  joint  ties  on  the  Lines  East  has  been  11 
inches  or  less,  and  we  have  never  had  a  complaint  that  the  gangs  were 
not  able  to  tamp  these  ties  properly.  With  20  ties  to  a  33-ft.  rail  length, 
the  joint  ties  being  spaced  standard,  or  11  inches  between  bearing  sur- 
faces, and'  the  ties  averaging  8  inches-  face,  the  distance  between  hearing 
surface  of  all  ties  except  joint  tics  is  12  inches.  This  question  was  dis- 
cussed at  the  meeting  last  week,  and  the  Committee  was  unanimous  in 
endorsing  the  rule  that  20  ties  be  applied  under  a  33-ft.  rail. 

We  attach  hereto  the  three  blueprints  which  accompanied  the  memo- 
randum of  December  13,   1912.  and  have  modified  print  No.  3  to  show  a 
thickness  of  -34  mcn  instead  of  fy&  inch,  p.  93. 
Yours  truly, 

(Signed)     L.  R.  Zollinger, 

Engineer  Maintenance  of  Way. 
Memorandum  referred  to  in  previous  letter: 

As  the  width  of  a  tie-plate  under  the  rail  is  limited  by  the  width 
of  the  tie,  the  bearing  area  must  be  obtained  by  srreater  length  of  tie- 
plate  in  the  way  that  Mr.  Zollinger  shows  on  sketch  3,  p.  93.  Will  the 
proposed  thickness  of  %i  of  an  inch  be  sufficient  for  distributing  the  load 
from  the  rail  over  the  proposed  length  of  tie-plate  of  14  inches? 

If  we  assume  a  wheel  pressure  of  30,000  lbs.  upon  the  tie-plate,  then 
the  pressure  per  square  inch  would  be  300  lbs.  on  the  wooden  tie.  With 
that  pressure,  however,  there  would  be  no  cutting  into  the  tie:  that  should 
only  occur  when  the  pressure  exceeded  900  lbs.  As  Mr.  Zollinger  states 
in  his  letter  that  the  tie-plates  cut  into  red  oak  as  much  as  T'  of  an  inch 
and  into  crcosoted  pine  ties  as  much  as  ?s  of  an  inch  in  three  years' 
service,  it  would  indicate  that  the  pressure  upon  the  tie-plates  is  much 
more  than  300  lbs.  per  square  inch,  and  that  it  probably  is  nearer 
900  to  1000  lbs.  per  square  inch.  This  latter  pressure  would  coincide  with 
the  deductions  in  "A  New  Impact  Formula"  recently  issued,  where  the 
author,  Gustav  Lindenthal.  who  is  Chief  Engineer  of  the  East  River 
Bridge  Division,  New  York  Connecting  Railroad,  assumed  the  effect  of 
the  impact  to  he  equal  to  three  times  the  quiescent  pressure. 

Starting  out   from   this    fa  ifirmed  in  Mr.  Zollinger's  letter. 

the  tie  plates  7  inches  wide  and  14  inch  trhich  he  proposes,  would 

need  to  b<  boul  1  ■'  i  inches  thick,  so  that  the  fiber  stress  at  a"  (marked 
in    red    in    blueprinl    3,    p.    93)    should    n  '    20,000    lbs.    per    square 
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inch.  From  this  I  judge  that  the  tic-plates  14  inches  long  will  bend  down 
and  crush  into  the  wood,  and  possibly  break  if  they  are  only  to  be  y&  of 
an  inch  thick.  Experiments  made  with  these  tie-plates  will  probably 
show  this  conclusively. 

Can  the  expectation  of  20  ties  to  33-ft.  rail  be  realized  with  good 
results,  because  of  the  difficulty  of  tamping  the  ties,  unless  they  would 
be  smaller  in  width  than  8  inches?  One  would  think  that  18  ties,  not 
less  than  8  inches  wide,  per  33-ft.  rail,  are  probably  the  maximum  that 
can  be  counted  upon  as  good  practice ;  but  from  the  facts  above  quoted 
from  Mr.  Zollinger  about  the  tie-plates  cutting  into  the  ties,  it  appears 
necessary  to  provide  tie-plates  not  only  with  a  bearing  area  of  at  least 
100  square  inches,  but  also  of  such  form  and  strength  as  to  distribute 
the  pressure  from  the  rail  evenly  upon  the  tie.  None  of  the  tie-plates 
shown  on  the  three  blueprints  herewith  attached  seem  to  have  suitable 
form   for  that  purpose. 

December  18,  1912. 

Altoona,  Pa.,  July  24,  1907. 
Subject:     Tie-Platcs. 
Mr.  A.  W.  Gibbs, 

General  Superintendent  Motive  Power. 

Dear  Sir: 

Referring  to  your  memorandum  of  June  14th,  desk  2,  with  the  at- 
tached letter  of  June  13th  from  Mr.  J.  T.  Richards,  Chief  Engineer 
Maintenance  of  Way,  asking  to  have  certain  tests  made  with  tie-plates 
J/2  inch  thick,  ?4  inch  thick  and  1  inch  thick:  I  beg  to  say  that  these 
have  been  completed  and  the  accompanying  tables  and  plots  show  the 
information  obtained  in  detail. 

Tests  were  made  by  taking  blocks  of  yellow  pine  40  inches  long,  10 
inches  wide  and  7  inches  thick.  The  tie-plate  was  placed  on  the  center 
of  each  of  these  blocks,  and  the  two  series  of  tests  may  be  divided  gen- 
erally and  are  so  designated  on  the  tables  as  (A)  "Tests  of  tie-plates 
without   screw-spikes"   and    (B)    "Tests  of  tie-plates  with   screw-spikes." 

In  the  series  (A)  none  of  the  screw-spikes  was  used  either  for  hold- 
ing down  the  rail  or  securing  the  tie-plate  to  the  tie. 

In  series  (B)  the  screw-spikes  were  used  both  to  hold  down  the 
rail  and  to  secure  the  tie-plate  to  the  tie;  in  the  latter  case  four  spikes 
being  used  for  each  tie-plate. 

The  block,  plate  and  section  of  100-lb.  rail,  was  placed  in  the  test- 
ing machine  and  subjected  to  compression,  measurements  of  bending, 
sets  and  imbedding  of  the  plate  being  observed.  Zero  was  taken  as 
2000  lbs.  and  increments  of  5000  lbs.  applied  until  the  plate  had  imbedded 
deeply,  the  tie  split  or  the  plate  had  bent  out  of  shape. 

The  following  table  is  a  summary  of  the  results  compiled  from  the 
detailed  tables: 

Tie-Plate    with    Screw-Spikes  Tie-Plate  without  Screw-Spikes 

mlinc  of  pUtea,     2.5,000  lbs.  30,000  lbs.     30,000  lbs.  30,000  lbs.  25,000  lbs.  20,000  lbs. 

Corr.'spoiKlineset,                    010'  .005'               .002'  .012'  .002'  .005' 

l.orul  to  imbed  H".           r.o.OOO  lbs.  05,000  lbs.    80,000  lbs.  55,000  lbs.  85,000  lbs.  90,000  lbs. 

Load  to  imbed  H'.           85,000  lbs.  115,000  lbs.     05,000  lbs.  70,000  lbs.  105,000  lbs.  110,000  lbs. 

Load  to  imbed  W 135,000  lbs.  120,000  lbs.  105,000  lbs.  125,000  lbs.  140,000  lbs. 

The  item  in  the  first  column  designated  as  "Corresponding  set"  refers 
to  the  amount  of  set  occurring  with  the  load  designated  immediately 
above  it. 

In  the  figures  opposite  "Load  to  imbed"  are  given  the  loads  which 
were  applied  when  the  amount  of  deflection  of  the  plate  was  's  inch, 
Yi  inch  and  '.'.  inch;  in  other  words  this  is  the  deflection  of  the  plate 
before  the  load  was  released 
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It  would  seem  from  the  above  that  the  ^4  inch  tie-plate,  when  used 
with  screw-spikes,  has  the  least  bending  under  different  loads.  Further, 
it  has  also  the  greatest  resistance  to  imbedding. 

From  these  tests  we  would  conclude  that  the  l/2  inch  tie-plate  was  a 
little  too  thin  to  distribute  the  load  applied  on  the  rail,  and  that  the 
1  inch  tie-plate  was  unnecessarily  thick  because  it  transmits  practically 
all  of  the  load  without  bending. 

Mr.  Richards  will  appreciate,  of  course,  that  these  figures  and  con- 
clusions are  only  from  laboratory  experiments  and  we  do  not  think  that 
necessarily  the  same  conclusions  in  regard  to  thickness  of  plate  would 
follow  under  road  conditions. 

Our  recommendations,  therefore,  to  conclude  the  matter  would  be 
that  the  Yz  inch,  54  inch  and  1  inch  tie-plates  be  used  experimentally, 
taking  sufficient  track  to  show  the  effect.  The  breaking  down  of  fibers 
of  the  tie  in  service  is  somewhat  different  than  the  crushing  of  the 
fibers  in  the  testing  machine. 

Yours  respectfully, 

(Signed)     E.  D.  Nelson, 
Engineer  of  Tests. 
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mm 


$■    WiAN     INCH 
ilii;iti;Hlii, 


A»    ■      W-  ft* 


Sn«rr  Nft.7aM- 
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Report  No. 


PCf?MANEN 


&    ■     U.         B  IZ         U  K>         i> 


160 
\TO 
ii-O 

ISO 
WO-- 

(£0 
HOI 
f!O0 
0W 
*? 
70. 
60 
•MJ 


1 

/ 

/ 

■:  Tf 


i    ,.•.*•  ..a  « 


TEST    Ori'AN:  ORDINARY   5rrEEJLi:JRL]A"JE  \\'*"}\  H  Wf,  RAIL    AND 
PLATE    NOT,  3!P»KEb,t'ok  AN*yN'iTREATfcD:'r*<>.  f,  WHITE    OAK 

TfE  ,  tVjK  tie  jn' -STpRvrtE:  jWr[  VearIs:' 


AVERAGE    ,  CENTEK7JJNE-JH^XECTJOEi.^AND.  SET 


--,  T.'r i\ 


\DU     '  tN:    TEHTtHS;::;dE"r 


DtrtECTIDW   ;  [IN:   ^ENTlHS.-hCJE"!  AM.:   INCH 

mtimiitiHitt'iitu 


iiiihiiil:!-  ■SM»T.W<?:-.73.^.-- 
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Report  No.  13-131. 


^ggMmr^fJ^gt^i^'Hr'imis^l 


*7E_  SHREW: 


w> 

KX>   -: 

■90 

BO 

:    / 

.ybS.  ELJf'CIJKN. 

90-    ■'•■ 

/ 

to- 

*3>   ■  : 

1 

ao 

[ 

W     !  ■ 

r 

L 

to 

1 

•0 

1..I...       . 

1 

i      0            i 

.  e 

-4 — i- 

.£,  ,  i    '■■* 

3         !«♦         16 


— ^ 


tion:    in   tenti 


Sheet  no  7J .(St. 
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SCREW-SPIKE  AND  TIE-PLATE  TEST. 


Report   No. 


_____ 

ER-MANENT      5ET     IN      TENTHS     OF    AN     INCH 


TEST      NOl  lO         _____ 

TEST  OF  NEW  YORK  TUNNEL  TIE  PLATE  ,  RAIL  AHD  TIE  P.ME 
SCREW  SPfKED  AS  IN  SERVICE,  ON  AN  UNTREATED.  NO_i_  \W,!T£.__ 
OAK     tje:    j|Vaf  .TIEIN   SERVICE    SIX     YEARS 


AVERAGE     CEHT-ER__iatlE_-E?CFLjrCTI<>N.L-_-ANg.;SETL 


_FEJ=5 


DEFLECTION        IIS    TENTHS-     PF  AN      INCH 
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Rail  Penetration,  Showing  No  Movement  of  Spike.     White  Oak  Tie. 
in   Service  8  Years. 


R    ii 


ii .  Showi  wg  i '  if  Spike   \m  I  >ispi  m  i 

i  of  Wood  Fiber     Oak  Tie;  in  Servicj   8  Years 
Rah  Cum  re      .  Inch 
Philadelphia    Divi  ion. 


• 
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Rail  Penetration  in  Tie,  Showing  Position  of  Spike  and  Displace- 

ment  of  Wood  Fiber.    Oak  Tie,  in  Service  8  Years. 

Rail  Cutting,  'A  Inch. 

Philadelphia  Division. 


Kail  Pi  n,  Showing  No  Movement  of  Spike.     White  Oak  Tie, 

in  Service  8  Years. 


o\  oo  o  c\j 


*-"         L    ^      ^   <JJ   *~>   K^l 

•  rv,   H  lo  tj-  uo  u-> 


3 


2  & 


N    N    N    N      </l 

o  o  o  o  -r 


o 
S 
w 


o  o  o  o 
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No.  2  Track      Applied,  1903;  Removed  July,  1908. 
Pittsburgh  Division. 
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TESTS  OF  HOLDING  POWER  OF  ROUND  AND  SQUARE  TRACK 
SPIKES    WITH    POINTS    OF    DIFFERENT    SHAPES. 

"A" 


TEST  OK  ROUND  AND  SQUARE  TRACK  SPIKES — FEBRUARY  27,  1909 


Test 
No. 


Kind 
Spike 


Vs" 

w 

Vs" 

Vs" 
Vs" 
Vs 


Kind 

of 

Point 

Chisel 


Diam. 

of 

Hole 


Force  Required  (lbs.) 

Yellow  Pine  White  Oak 

To  Drive  To  Extract  To  Drive  To  Extract 


7       Vs"    0 


Chamfered 

Chamfered  & 

Flattened 

Blunt  & 

Conical 


X2 


4220 
4960 
6880 
4980 
7250 
5210 

6360 


4220 
4140 
4700 
4340 
4290 
4240 

4620 


9580 
10660 
1 1000 
1 1400 
10280 
12470 

10440 


9540 
9090 

10280 
9410 
9440 

10240 


9830 


TEST  "B"  OF  ROUND  AND  SQUARE  TRACK  SPIKES — MARCH  l6,   I909 


Test      Kind 
No.     of  Spike 

i-Vs"  o 

I"     D 
1"     o 

Vs"    D 
1"     o 

Vs"     D 

\-Vs"  o 

I"     D 


Kind 
of  Point 

Chisel 


Force  Required  (lbs.) 
Yellow  Pine  White  Oak 

To  Drive    To  Extract    To  Drive  To  Extract 


Tie  Split 
12770 

7750 

12200 

9770 

12530 

Tie  Split 

Tie  Split 


8590 
4460 
7180 
7510 
7700 


Tie  Split 
17670 

Tie  Split 
14460 
12440 
14910 
16150 
17620 


12740 
1 1560 

IOOIO 

9380 

12280 
1 1700 


TEST      C      OF  ROUND  AND  SQUARE  TRACK  SPIKES — MARCH  22,   1909 


Test 
No. 

I 

2 

3 
4 
5 
6 

7 
8 

9 


Kind 

of 
Spike 


W 


D 
1*       o 

Vs"    D 
I"        0 

1 "  □ 
i-H"  o 
I"         D 

i-H"    o 

%"  □ 


Kind 

°f. 

Point 

Chisel 


Size 

of 

Hole 

%" 
Vs" 

w 

Vi". 

w 

Vs" 
Vs" 
Vx 


Force  Required  (lbs.) 
White  Oak  Timber 


To  Drive 

12400 
12250 
11320 
1 1 590 
17680 
14000 
14920 
15000 
10950 


To  Extract 

10020 
10500 
10600 
10320 
1 2  1 50 
1 1 100 
13000 
13650 
8950 


Note:     Penctr 
Ri(  hl<    Bros,  under 


iiinn    5   inches    For   all   above 
superv  iMon  of  C.  G  I  (.i\  is. 


n-tv     Tests   made   by 
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TEST  "D"  OF  SQUARE  TRACK  SPIKES — APRIL  14,  I909 


Kind 

Kind 

Number 

Force  Required  (lbs.) 

Test 

of 

of 

of 

White  Oak  Timber 

No. 

Sfike 

Point 

Tie 

To  Drive 

To  Extract 

1 

%' 

Chisel 

1 

6800 

3430 

2 

« 

« 

« 

9850 

6060 

3 

a 

« 

u 

9900 

8180 

4 

« 

a 

u 

9450 

4000 

5 

u 

u 

u 

9500 

5890 

6 

a 

u 

u 

1 1500 

12630 

7 

u 

u 

« 

12120 

12440 

8 

« 

a 

« 

10550 

12330 

9 

u 

a 

u 

1 2 100 

9540 

10 

a 

« 

« 

9000 

5110 

11 

a 

ft 

2 

13450 

7770 

12 

0 

a 

K 

15590 

9290 

13 

ft 

u 

u 

12280 

10040 

14 

u 

« 

a 

14000 

12350 

15 

ft 

a 

ft 

12160 

9450 

16 

a 

ft 

u 

12300 

10510 

17 

a 

a 

« 

12220 

8500 

18 

u 

ft 

ft 

12650 

9150 

19 

a 

« 

a 

12400 

10320 

20 

u 

a 

ft 

13050 

10660 

21 

u 

« 

3 

9850 

7640 

22 

« 

« 

u 

10920 

1 1950 

23 

« 

u 

« 

12180 

12150 

24 

a 

u 

« 

16000 

14360 

25 

a 

ft 

a 

13000 

12310 

26 

u 

u 

u 

12450 

12830 

27 

a 

a 

« 

10750 

13320 

28 

« 

a 

u 

1 1 330 

12560 

29 

a 

« 

« 

1 1820 

1 1 640 

30 

ft 

ft 

a 

10630 

10600 

31 

a 

« 

4 

1 1200 

12910 

32 

a 

a 

X 

10850 

9550 

33 

« 

« 

rf 

10720 

1 1200 

34 

u 

ft 

ft 

12340 

1 1550 

35 

« 

ft 

« 

12590 

12420 

36 

a 

a 

ft 

19920 

13000 

37 

a 

a 

ft 

1 1460 

1 1400 

38 

u 

« 

ft 

12680 

12360 

39 

u 

ft 

ft 

12470 

12070 

40 

« 

ft 

ft 

12110 

12050 

41 

« 

u 

«■ 

12580 

12580 

42 

a 

ft 

10750 

1 1 880 

43 

a 

ft 

ft 

10230 

14380 

44 

« 

« 

ft 

10710 

10740 

45 

a 

« 

ft 

11520 

1 1250 

46 

ft 

<> 

ft 

12270 

1 1360 

47 

a 

ft 

ft 

10070 

1 1 290 

48 

« 

« 

a 

1 1 150 

1 1520 

49 

« 

ft 

ft 

9680 

7650 

50 

a 

« 

ft 

10590 

12710 

Average 

%         " 

u 

2,  3.  4l&  5 

12181 

"375 

Note: — All  tests  in  tie  No.  1  omitted  from  averages  because  of  tie 
splitting.  Test  No.  21  omitted  from  averages  because  of  spike  head 
pulling  off. 
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Kind 

Kind 

Number 

Force  Required  (lbs.) 

Test 

of 

°f 

of 

White  Oak  Timber 

No. 

Spike 

Point 

Tie 

To  Drive 

To  Extract 

i 

H" 

Chisel 

i 

13550 

7860 

2 

" 

" 

" 

12050 

7020 

3 

tt 

u 

ft 

10860 

6960 

4 

u 

a 

(( 

12760 

8340 

5 

it 

a 

0 

9100 

6420 

6 

" 

" 

13020 

7270 

7 

it 

u 

« 

12640 

11910 

8 

it 

a 

a 

12550 

8620 

9 

" 

" 

1 1000 

10140 

10 

ii 

tt 

0 

8950 

7680 

ii 

" 

2 

15000 

10120 

12 

11 

a 

a 

14650 

1 1400  * 

13 

a 

ft 

15780 

10770 

14 

" 

" 

14990 

12150 

15 

tt 

a 

a 

12460 

9190 

16 

ii 

« 

ft 

1 1670 

8000 

17 

a 

ii 

ft 

13830 

9010 

18 

u 

(i 

« 

14270 

8980 

19 

it 

ft 

ft 

13810 

9760 

20 

« 

■i 

a 

14740 

13600 

21 

it 

u 

3 

14310 

12630 

22 

tt 

tt 

u 

14210 

10690 

23 

u 

a 

13190 

1 1960 

24 

" 

" 

ft 

10930 

7400 

25 

" 

" 

12330 

10220 

26 

u 

a 

(( 

13570 

1500a 

27 

" 

13500 

1 1350 

28 

tt 

« 

ft 

13670 

14910 

29 

" 

" 

12350 

9420 

30 

u 

" 

ft 

13260 

13260 

31 

" 

4 

12730 

1 1 150 

32 

" 

" 

13520 

1 1020 

33 

" 

" 

1 1420 

9320 

34 

a 

ft 

12150 

9880 

35 

tt 

ft 

ft 

1 3 160 

9410 

36 

u 

(i 

it 

13050 

9600 

37 

" 

12290 

1 1 170 

38 

» 

« 

ii 

12450 

1 1690 

39 

" 

ft 

m 

12600 

1 1290 

4" 

« 

tt 

« 

12200 

10260 

41 

« 

« 

5 

1 1 560 

10960 

42 

" 

n 

1 1330 

13350 

43 

" 

" 

ii 

12070 

9150 

44 

" 

a 

ii 

1 1890 

8650 

15 

" 

1 1 130 

12300 

♦6 

a 

" 

« 

13780 

14630 

47 

" 

a 

1 1980 

1 1120 

*8 

a 

ii 

(i 

11610 

12850 

49 

a 

a 

(i 

12080 

13050 

M 

1J220 

I3220 

Averages 

« 

it 

2,  3.  4  &  5 

13030 

1 1276 

Ml  t<  its  in  tie  N<>.  1,  also  tests  No.  16  and  No    24,  omitted 
it!.    ■  plitting, 
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Kind 

Test 

of 

No. 

Spike 

i 

Vz° 

2 

u 

3 

a 

4 

tt 

5  ' 

a 

6 

tt 

7 

« 

8 

U 

9 

u 

10 

u 

ii 

u 

12 

a 

13 

tt 

M 

tt 

15 

u 

16 

a 

17 

tt 

18 

ti 

19 

« 

20 

a 

21  • 

(i 

22 

« 

23 

(( 

24 

(i 

25 

a 

26. 

u 

27 

a 

2S 

a 

20 

u 

30 

It 

31 

it 

32 

tt 

33 

tt 

34 

tt 

35 

tt 

36 

tt 

37 

tt 

38 

tt 

39 

it 

4" 

it 

41 

tt 

42 

u 

43 

it 

44 

tt 

45 

u 

it 

47 

it 

48 

it 

41; 

it 

50 

tt 

Kind 

Number 

Force  Required  (lbs.) 

of 

of 

White  Oak  Timber 

Point 

Tie 

To  Drive 

To  Extract 

Chisel 

1 

17450 

8200 

a 

a 

13240 

758o 

a 

a 

15420 

8000 

a 

tt 

14000 

5260 

tt 

tt 

14130 

8440 

a 

u 

16500 

8030 

a 

u 

16000 

5520 

u 

tt 

16440  1 

13650 

ti 

a 

15400 

8630 

15000 

5790 

2 

20270 

1 1350 

u 

ti 

20600 

13350 

ti 

a 

16420 

1 1230 

tt 

it 

17690 

11400 

tt 

tt 

16310 

13830 

16120 

10330 

tt 

tt 

20040 

1 1 830 

a 

ti 

17850 

9350 

tt 

a 

17560 

10860 

tt 

ti 

20000 

10830 

" 

3 

17000 

14300 

" 

" 

15440 

12750 

" 

16130 

14520 

a 

tt 

17080 

15600 

a 

u 

17280 

1 1 860 

tt 

a 

16110 

1 1 890 

a 

tt 

17050 

13670 

it 

tt 

15760 

15450 

tt 

tt 

17160 

12890 

it 

tt 

19000 

12880 

4 

17220 

12300 

it 

a 

1 7180 

12000 

a 

(i 

16000 

1 1320 

it 

tt 

U450 

13890 

15520 

13520 

« 

it 

16960 

13160 

a 

tt 

16290 

12380 

a 

a 

16420 

15190 

" 

15790 

10920 

" 

tt 

15480 

11570 

" 

" 

17440 

10400 

" 

5 

17810 

1 54 10 

a 

u 

16130 

6180 

« 

(1 

14980 

12580 

" 

tt 

I55IO 

9430 

tt 

It 

15580 

8250 

a 

ii 

15820 

9000 

tt 

14990 

12330 

" 

" 

13500 

9430 

14100 

12390 

it 

2,  3,  4  &  5 

16716 

12196 

IgCS  " 

Notf.:— All  tests   in  tie   No.    1   omitted   from  averages  because  of  tie 
splitting.     Test  No.  43  omitted  because  of  spike  bending. 
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AVERAGES  OF  TESTS  IN  TIES  NOS.  2  TO  5  INCLUSIVE 

Area  (inches) 391                -563  -766 

To  Drive  (lbs.) 12181             13030  16716 

To  Extract  (lbs.) II375             11276  12196 

irea  (%  of  %) 100                 144  196 

lo  Drive  (%  of  Y%) 100                 107  137 

Vo  Extract  (%  of  5/s) 100                   99  107 

Note: — Penetration    5    inches    for    all    above  tests.     Tests  made    by 
Riehle  Bros,  under  supervision  of  C.   G.  Davis. 


TEST  ON  DRIVING  SCREW  SPIKES — WEST  PHILA. — MARCH  20,   I909 

1*  and  %"  spikes,  plan  59629 — holes  %"  and  H" — socket  wrenches  I5"and  14" 
handles — 2  men  to  ;ach  wrench  driving  spikes 


Time  in  minutes  and  seconds  required  for 

Test 
No. 

Boring  Holes 

Driving  Spikes 

Extracting 

U" 

w 

1" 

H" 

1" 

/4 

I 

2 
3 

1'    15" 

I '     00" 

40" 

I '     00" 

40" 
30" 

1'     15" 
40" 
45" 

r    15" 
25" 
25" 

20" 

12" 

Communication    from    Mr.    James    McCrea,    President,    dated    March 
9,  1910. 

Subject: — Two  Points  for  Consideration  by  the  Committee  on  Screw- 
Spike  Test. 

April  2,  1910. 
Respectfully  returned  to, 
Mr.  W.  H.  Myers, 

General   Manager. 
I  have  taken  up  with  the  members  of  the  Joint  Committee  on  Screw- 
Spike  Test,  the  two  questions   raised  by  President  McCrea,  and  beg  to 
report  at  follows: 
Referring  to  the  first  question: 

"Is    it    a    fair    test    to    give    such    perfect    preparation    to    the 
"track  as  seems  to  be  contemplated?     Will  the  results  be  those 
"which  may  be  anticipated  in  connection  with  the  general  condi- 
tions  of   maintenance   on   the   whole   length   of   our   line?     Will 
"they   not    be   the    results   of   tests   made    under    really   abnormal 
"conditions?" 
It    is    the   unanimous   opinion    of   the   Committee  that,   while   our   re- 
ports of  the  installation  of  this  track  would  convey  the  impression  thai 
more  effort    than    is   our  usual    practice   had   been   expended   to   produce  a 
section  of  track  as  nearly  perfect  as  possible,  such  is  not,  in   reality,  the 
A    fair  and  equitable  comparison  requires  that   the  track  conditions 
he  made  as  nearly  up  to  our  standard  as  possible,  and  in  order  to  attain 
this,  it  was  necessary  to  equalize  the  depth  of  ballast   under  the  experi- 
mental   track,    otherwise    some    parts    of    the    experiment    would    not    have 
a   standard    depth    of    ballast    beneath    the    ties,    which    would   have   been 
obviously  unfair. 

When  building  additional  main  tracks,  or  when  renewing  old  tracks, 
we  aim  to  construct  it  in  fully  as  good  shape  as  we  are  building  this. 
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In  the  matter  of  maintenance,  it  is  not  intended  to  give  this  experi- 
mental track  any  more  attention  than  is  required  to  keep  it  up  to  the 
same  standard  of  excellence  which  we  strive  to  attain  with  all  our  main 
tracks,  so  that  its  condition  should  not  be  any  closer  perfection  than  on 
any  other  section  of  track  of  equal  length  and  under  similar  traffic  con- 
ditions; and  if,  as  we  hope,  the  form  of  construction  proves  superior  to 
diir  present  track,  there  will  be  less  work  done  on  it.  In  any  case,  we 
intend  the  comparison  to  be  fair  in  every  way.  It  will  be  noticed  that 
we  include  two  sections  fastened  with  the  ordinary  spikes  (one  with  tic- 
plates,  and  one  without),  which  were  laid,  and  will  be  maintained,  under 
the  same  conditions  as  the  sections  with  screw-spikes;  so  that  the  com- 
parison between  the  present  standard  construction  and  the  different  new 
holding  devices  will  Ik-  under  exactly  the  same  conditions. 
Referring  to  the  second  question: 

"The   recent   accident  to   the    St.    Louis   24-hour   Train   near 
"Scio,  on  the  Pittsburgh  Division  of  the  P.  C.  C.  &  St.  L.,  was 
"occasioned  by  a  very  bad  breakage  of  a  rail  which,  as  I  under- 
stand, had  been  in  service  for  two  or  three  years,  long  enough, 
"at   all   events,  to  have  developed  any  ordinary   weakness.     The 
"track   is  reported  to  have   been   in  most  excellent  condition,  the 
"tiis   having  been   treated  and   the  rails    fastened  to  the  ties  by 
"screw-spikes,  and  it  has  occurred  to  me  that  perhaps  the  cause 
"of  this  trouble  was  a  lack  of  elasticity,  due  to  there  being  no 
"  'give'  in  the   fastening  of  the  rail  to  the  cross-tic.     In  the  case 
"of  a   spike,  as  we  all  know,  a  little  spring  in  the  rail  and  'give' 
"in  the  tie,  will  sometimes  draw  the  spike  from  an  eighth  to  a 
"quarter  of  an  inch,  whereas,  if  in   the  present  case  the  tie  was 
"absolutely  frozen  in  its  bed,  and  no  opportunity  given   for  the 
"rail    to    spring    because    of    the    tight    fastening    to    the    tie,    a 
"rigidity  would  result  that  might  cause  a  breakage  under  a  blow 
"from   a   slightly  flattened  wheel   or  any  other  cause,  that   would 
"have  been  relieved  by  a  little  elasticity." 
I  enclose  Mr.  Cushing's  reports  in   full,  with  reference  to  the  wreck 
of  No.  30,  the  24-hour  New  Yorker,  near  Scio,  on  February  20th,  and, 
in  short,  he  states:     "It  is  my  opinion  that  the  screw-spike  had  nothing 
"to  do  with  the  accident.     It  is  a  case  of   failure  of  a  defective  rail  in 
"a  lot  of  rail  which  has  given  a  good  many  failures.     The  piece  submitted 
"to   me   showed    a   cleavage   streak    in   the   web   and   it   has   been   sent   to 
"R.    \V.    Hunt   &   Co.,    for   examination,    the    report   not   yet   having  been 
"received.     *     *     *     A  good  many  of  the  screw-spikes  have  been  broken 
"and    bent    and    a    good    many    have    also    been    found    loose.     *     *     * 
"These  facts  show  that  the  track  is  not  unduly  stiff." 

"Irrespective  of  the  above,  however.  I  am  a  believer  in  stiff  track 
"as  a  necessary  part  of  improved  track  construction  which  we  must  have 
"absolutely  to  keep  up  with  the  increased  weight  of  rolling  stork.  It 
"should  be  our  effort  to  reduce  wave  motion  in  rail  by  having  a  stiffcr 
"rail  and  a  better  roadbed." 

"The  Division  Engineer  reports  that  he  has  watched  this  track 
"closely  since  it  was  put  in  in  September,  1907,  2'^  years  ago,  and  has  had 
"frequent  inspections  made  by  representatives  from  his  office,  and  they 
"are  of  the  opinion  that  the  screw-spikes  have  not  in  any  way  increased 
"the  danger.  At  the  time  of  the  accident,  the  track  was  in  good  condi- 
tion and  the  ballast  was  not  frozen  to  any  great  depth." 

In  the  report  of  Division  Engineer  W.  I).  Wiggins  to  Superintendent 
P.  A.  Bonebrake,  we  find  the  following:  "A  part  of  the  broken  rail 
"shows  a  pipe  or  flaw  in  the  web  and  I  think  this  was  the  cause  of  the 
"derailment.  *  *  *  The  accident  occurred  at  about  the  middle  of 
"a   1   degree  31   minute  curve.     The  broken   rail   was  located  on  the  high 
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"side  of  the  curve.     *     *     *    The  superelevation  of  the  rail  on  this  curve 
"was  3lA  inches." 

In  Mr.  Johnson's  letter,  attached  in  full,  he  states :  "I  have  always 
"held  that  any  device  which  fastened  the  base  of  rail  rigidly  in  contact 
"with  the  cross-tie,  must  operate  conversely  and  lift  the  tie  off  its  bed, 
"to  follow  the  upward  movement  of  the  rail  after  the  passage  of  a  train. 
"This  will  make  a  track  'churn'  badly  in  wet  weather,  and  in  freezing 
"weather,  the  tie  will  be  held  in  its  lifted  position  until  the  wheel  is  over, 
"or  nearly  over  it,  when  the  grip  of  the  ice  is  broken,  and  the  tic  drops 
"suddenly  to  its  depressed  bed.  The  next  tie  ahead  being  still  held  up  in 
"the  same  way,  the  rail  cannot  adjust  itself  to  the  normal  curve  of  the 
"advancing  wave,  and  must  take  a  short  bend  over  the  shoulder  of  the 
"forward  tie.  This  condition  coupled  with  the  suddenness  of  its  occur- 
"rence,  and  low  temperature  of  the  rail,  can  only  result  in  a  dangerous 
"tendency  to  fracture." 

This  question,  as  to  whether  the  rail  should  or  should  not  be  secured 
and  held  hard  and  fast  to  the  cross-tie,  is  a  much  discussed  one.  From 
my  own  experience  I  believe  that  any  form  of  construction  that  lacks 
elasticity  to  some  degree — depending  largely  on  the  stiffness  of  the  rail 
and  the  rise  and  fall  of  the  wave  of  the  rail  ahead  under  and  following 
the  passing  wheel — will  result  in  damaging  the  rail  and  roadbed,,  and  also 
the  rolling  stock.  I  believe  we  will  save  many  accidents  and  much  trou- 
ble and  expense  "by  a  little  elasticity"  in  our  roadbed,  and  that  our  experi- 
ments, as  continued,  will  show  that  it  will  be  economical  to  avoid  the 
"churning"  of  the  tie  by  leaving  a  small  space  between  the  upper  surface 
of  the  base  of  the  rail  and  the  under  side  of  the  head  of  the  screw-spike. 
Respectfully  yours, 

(Signed)     Jos.  T.  Richards, 
Chief    Engineer    Maintenance    of    Way,    Chairman,    Joint    Committee    on 

Screw-Spike  Test. 

UNIT    LOAD    CAPACITY    OF    WOOD    TIES. 

THE   PENNSYLVANIA   RAILROAD   COMPANY. 

Altoona,  Pa.,  November,  11,  1914. 
Subject:     Repeated  Applications  of  Load  to  White  Oak  Tie. 

Mr.  W.  G.  Coughlin, 

Engineer  Maintenance  of  Way. 
Dear  Sir: 

Replying  to  your  letter  of  October  5th,  and  in  further  reference 
to  our  conversation  relative  to  the  question  of  repeated  applications  of 
load  to  a  cross-tie  to  determine  the  effect  on  the  surface  fibers. 

Your  letter  arrived  at  a  time  when  our  spring  testing  machine 
was  broken  down  and  it  is,  therefore,  impossible  for  us  to  make  any 
repeated  loading  tests.  We  have,  however,  made  an  investigation  on  a 
white  oak  tie  in  our  tensile  machine  which  has  furnished  us  some  rather 
interesting  results.  These  results  were  obtained  by  making  a  heavy  steel 
block,  7  inches  by  11  inches,  equal  to  77  sq.  in.,  which  was  placed  on  the 
tie  and  loaded  to  determine  what  load  would  be  required  to  crush  the 
surface  fibers  of  the  tie.  The  first  load  applied  was  123,200  lbs.,  corre- 
sponding to  a  load  per  square  inch  of  1600  lbs.  It  was  found  that  the 
block  readily  crushed  into  the  tie  with  this  load.  This  was  then  reduced 
to  100,000,  3X.500  and  30,800  lbs.,  with  corresponding  loads  per  square  inch  of 
1300,500  and  400  lbs.,  respectively.  Under  these  loads  it  was  apparent  that 
rupture  of  the  surface  fibers  would  commence  when  the  pressure  was 
about  400  lbs.  per  square  inch,  but  the  rupture  did  not  take  place  immedi- 
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ately  upon  the  loading.  We  then  placed  the  tie  under  load  for  24  hours, 
keeping  the  load  balanced  by  running  the  top  head  of  the  machine  down 
as  the  tic  Rave  way  under  pressure.  Results  of  this  24-hour  test  at  30,800 
lbs.  are  plotted  on  sheet  No.  9537,  which  is  attached.  The  curve  you 
will  note  is  somewhat  in  the  form  of  a  parabola,  indicating  that  the  tic 
squeezes  out  under  the  load  rather  rapidly  at  first,  but  practically  nothing 
at  the  end  of  24  hours.  The  marking  on  the  tie  under  this  condition  is 
shown  on  photograph  T-4565,  and  you  will  note  that  although  the  fibers 
have  apparently  just  started  to  rupture,  that  the  indication  is  but  slight, 
the  movement  down  of  the  head  in  order  to  keep  the  machine  balanced 
apparently  causing  a  general  squeezing  out  of  the  material  in  the  tie 
rather  than  an  excessive  crushing  of  the  surface  fiber. 

These  results  would  seem  to  indicate  that  the  minimum  ultimate 
strength  of  the  surface  fiber  of  an  oak  tie  is  in  the  neighborhood  of  400 
lbs.  per  square  inch  and  that  whenever  this  load  is  exceeded,  a  rupture  of 
the  fiber  should  be  expected. 

We  then  placed  the  tie  in  the  machine  and  applied  a  load  to  the  tie 
at  the  point  corresponding  to  the  position  of  the  tie-plate  on  the  tie  in 
track  and  supported  the  tie  at  the  ends,  as  shown  in  sketch,  sheet  No. 
{)^37,  attached,  in  order  to  have  combined  flexure  and  load.  A  load  of 
40,000  lbs.,  20,000  lbs.  on  each  tie-plate,  deflected  the  tie  2.15  inches  at 
center  and  tie  took  a  permanent  set  of  0.23  inch.  This  load  was  then 
increased  to  42,740  lbs.  and  under  this  load  the  tic  deflected  2.20  inches 
and  commenced  to  crack.  The  tic  broke  by  splitting  near  the  center  at 
a  load  of  45,000  lbs.  and  showed  a  deflection  of  approximately  2.6  inches 
at  the  center  at  time  of  breaking.  There  was  no  appreciable  crushing  of 
the  fibers  of  the  surface  under  the  tie-plates  which  carried  a  load  of 
290  lbs.  per  sq.  in.  at  the  total  load  of  45,000  lbs.  on  the  blocking. 

From  these  results  we  are  rather  inclined  to  believe  that  the  failure 
of  the  tie  is  due  to  the  deterioration  of  the  fibers  on  the  surface  and 
not  to  the  flexure  of  the  tie  itself,  and  that  such  flexure  comes  about  as 
a  result  of  the  weakening  of  the  fibers  due  to  crushing  at  the  surface, 
after  which  crushing  has  taken  place  and  the  tie  then  loaded  as  a  beam, 
it  breaks,  due  to  localizing  the  stress  at  the  weakest  point  in  the  beam. 
All  of  the  above  would  seem  to  indicate  that  the  proper  procedure  for 
increasing  the  life  of  the  tie  would  be  to  reduce  the  unit  load  per  square 
inch  on  the  surface.  This  can  be  accomplished  either  by  better  contact 
of  the  tie-plate  to  the  tie,  requiring  a  dressing  of  the  surface  at  the  point 
of  contact,  or  increasing  the  size  of  the  tic-plate  and  distributing  the 
load  properly  so  as  not  to  exceced  for  a  white  oak  tie  a  load  of  400  lbs. 
per  square  inch  under  the  maximum  traffic  condition. 

We  hardly  feci  that  these  results  arc  conclusive  from  the  apparatus 
with  which  we  have  worked,  but  we  do  feel  that  the  tests  give  a  general 
indication  as  above  stated. 

Yours  truly, 

(Signed)     C.  D.  Young, 

Engineer  of  Tests. 


PENNSYLVANIA  SYSTEM. 


133 


OMOFTFE.  UNDER.  "W^  PU^Td  OF  7T      AHE*. 
WITH  30feoblftS.aft-  JuadfcJBS-  PEK  SG^.  tMCM 


-feaii 


tHrtr  Nq.^SAtA; 


134 


SCREW-SPIKE  AND  TIE-PLATE  TEST. 


Ci 


H 


hJ 


K 


PENNSYLVANIA  SYSTEM.  135 

THICKNESS     OF    TIE-PLATE    NECESSARY    TO    DISTRIBUTE 
LOAD  EVENLY  OVER  ITS  AREA  TO  THE  TIE. 

September  26,  1913. 
Members  Screw-Spike  Committee. 
Gentlemen : 

Enclosed  please  find  copy  of  a  report  of  tests  of  tie-plates  made  at 
Altoona,  the  types  tested  being  Type  7  New  York  Tunnel  tie-plate,  Y% 
inch  thick.  Plain  Rolled  Steel  tie-plate  M  inch  thick,  and  Type  6  Mal- 
leable Iron  tie-plate  HI  inch  thick.  The  tests  were  made  by  placing 
eight  rows  of  steel  balls  on  a  copper  plate  under  each  of  the  three  dif- 
ferent kinds  of  tie-plates,  and  applying  a  load  of  70,000  lbs.  on  a  super- 
imposed  rail   section. 

You  will  note  that  the  pressure  near  the  outer  edges  of  the  H  inch 
tie-plate  was  about  one-sixth  of  the  pressure  under  the  rail,  in  the  case 
of  the  Si  inch  plate  it  was  about  one-third,  while,  in  the  case  of  the  HI 
inch  plate  it  was  about  two-thirds,  showing  that  the  thick  plate  distributes 
the  load  much  better  than  the  thin  one,  which  was  to  be  expected,  and 
probably  accounts  for  the  outer  edges  of  the  Type  6  tie-plate,  in  the 
experimental  track  at  Birmingham  and  Wooster,  cutting  into  the  tie  to 
a  somewhat  greater  extent  than  Type  7. 

In  this  connection  it  should  be  borne  in  mind  that  the  inclination  of 
the  rail,  due  to  cutting  at  the  outer  edge  of  the  plate,  will  result  in  a 
greater  widening  of  the  gage,  in  the  case  of  the  thick  plate,  than  the 
thinner  one,  on  account  of  the  longer  lever  arm,  and,  while  the  thick 
plate  affords  better  distribution  of  the  load  it  is  a  question  whether  this 
is  an  advantage  beyond  a  certain  point,  as  was  indicated  by  the  results 
of  an  investigation  we  made  last  summer,  when  we  found  that  out  of 
about  3500  Y%  inch  plates,  after  from  one  to  four  years'  service,  only  17 
were  found  bent  as  much  as  l/s  inch,  and  these  were  all  under  the  low 
rail  on  curve,  in  our  loaded  freight  track  on  chestnut  ties,  and  had  been 
in  track  four  years. 

We  are  sending  you  this  with  the  thought  that  it  might  prove  inter- 
esting in  connection  with  the  study  we  are  now  making  for  a  new  design 
of  tie-plate. 

Yours  truly, 

(Signed)     L.  R.  Zolunckr, 
Chairman   Screw-Spike   Committee. 


September  9,  1914. 
Mr.   W.   G.   Coughlin, 

Engineer   Maintenance  of  Way. 
Dear  Sir: 

Fn  accordance  with  your  request  of  our  Engineer  of  Tests  at  mcctinc: 
of  Committee  on  Tie-Plates  in  Altoona,  September  3rd,  we  have  made 
additional  tests  of  wrought  tie-plates,  one  two  inches  thick  and  the  other 
one  inch  thick,  the  idea  being  that  the  two-inch  plate  would  have  suffi- 
cient thickness  to  distribute  the  load  in  about  the  same  proportion  as  the 
cast  plate  chair  shown  on  M.  W.  tracing  No.  50734,  p.  33,  the  plates, 
however,   having  a   length    of   16  inches. 

The  results  of  tests  of  the  cast  plate  chair  are  shown  on  sheet  No. 

8132,  p.  133,  the  per  cent,  of  area  under  rail  lui iilt  38JS  and   t lie  per  cent. 
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of  load  carried  under  rail  56.7.  The  ratio,  therefore,  of  area  to  the 
percentage  of  load  carried  was  68. 

The  results  of  tests  of  the  two-inch  plate  are  shown  on  sheet  No. 
9458,  p.  170,  in  which  the  per  cent,  of  area  under  rail  is  31.3  and  gives 
a  percentage  of  total  load  under  rail  of  45.5,  this  ratio  being  69. 

You  will,  therefore,  sec  that  the  16-inch  plate  with  two-inch  thickness 
gives  approximately  the  same  distribution  of  load  as  the  cast  plate  in 
question. 

On  this  same  sheet  is  also  shown  the  results  of  tests  of  a  one-inch 
plate,  our  reason  for  making  this  test  was  due  to  the  fact  that  in  our 
calculations  the  indications  were  that  it  was  going  to  require  a  two-inch 
plate  to  get  the  results  in  question.  We  consulted  with  Mr.  Clark  to 
determine  what,  in  his  opinion,  would  be  the  commercial  limitations  in 
thickness,  and  he  advised  us  one  inch.  We,  therefore,  made  this  test 
to  find  out  how  the  load  would  be  distributed.  The  results  of  this  test 
indicated  that  such  a  plate  would  be  too  thin  to  distribute  the  load  prop- 
erly, as  the  per  cent,  of  area  under  the  rail  is  31.3,  whereas  the  per  cent. 
of  load  carried  under  the  rail  is  64.7,  indicating  that  double  the  load  would 
be  carried  to  the  tie  under  the  rail  as  against  the  rest  of  the  plate. 

The  results  of  all  tests  thus  far  made  are  shown  in  the  tabulation 
below,  in  which  is  given  the  different  plates  tested,  thickness,  area  of 
plate  on  the  tie,  per  cent,  of  area  under  and  outside  of  the  rail,  per  cent. 
of  the  total  load  under  and  outside  of  the  rail,  and  the  ratio  of  the  area 
under  rail  to  total  load  under  rail. 
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* 

■75" 
•  625 
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2.00 
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94  5 
91 .0 
1 12.0 
112. 0 
112. 0 
100.0 
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38.5 

31-3 

31-3 

3i   3 

40.0 

69.25 
63.0 

61.5 
68.7 
68.7 
68.7 
60.0 

72.65 
78.93 
56.7 
64.7 

45-5 

54.88 

70.0 

27-35 
21 .07 

43-3 
35-3 
54-5 
45- 12 
30.0 

42.3 

47.0 

68.0 

48.3 

69 

57 

57. 1 

We  have  just  completed  the  design  of  a  cast  plate  which  will  have  a 
depth  of  2J4  inches  and  which  should  give  results  corresponding  to  the 
two-inch  wrought  plate.  We  arc  sending  the  drawing  fb  the  shops  to-day 
to  have  pattern  made  and  will  report  result  of  this  test  to  you  next  week. 
The  Test  Department  has  also  made  up  a  pencil  sketch  of  testing 
apparatus  which  will  contain  balls  to  get  the  the  total  load  upon  the  rail 
when  various  equipment  is  passing  over  at  different  speeds  and  will 
forward  blueprint  of  what  has  been  suggested  for  this  purpose  for  the 
information  of  your  Committee  within  the  next  few  days. 
Yours  truly, 

(Signed)     J.  T.  Wallis, 
General  Superintendent  Motive  Power. 
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Altoona,  Pa.,  November  6,  1915. 
Subject:    Tests  of  Tie-Plates. 
Mr.  W.  G.  Coughlin, 

Engineer  Maintenance  of  Way. 

Dear   Sir: 

For  the  information  of  the  Screw-Spike  Committee  certain  tests  were 
requested  in  connection  with  tie-plates  having  a  length  of  16  inches  in 
order  to  determine  the  load  distribution  on  the  tie  under  and  outside  of 
the  rail. 

These  tests  were  conducted  in  a  manner  similar  to  those  already 
reported  to  you  under  date  of  September  9,  1914,  and  we  give  you  here- 
with a  summary  of  the  results: 

On  sheet  No.  10502  we  have  plotted  the  results  obtained  with  various 
widths  and  lengths  of  plates,  from  §i  inch  to  1  inch  in  thickness  for  a 
load  of  38,000  lbs.  on  rail.  These  plates  were  solid  or  ribbed  steel,  as 
marked  on  sheet  No.  10484,  and  varied  in  length  from  10)4  to  16  inches. 
The  curve  shown  on  sheet  No.  10502  is  also  shown  on  sheet  No.  10503  in 
its  proper  location.  The  data  from  which  this  curve  is  plotted  is  shown 
on  sheet  No.  10484,  which  contains  all  the  data  in  connection  with  the 
dimension  of  the  plates,  distribution  of  the  load,  as  between  under  and 
outside  of  rail,  as  well  as  what  the  load  would  be  on  the  tie  for  the 
assumed  load  on  rail  of  38,000  lbs.,  representing  the  maximum  on  tangent 
track  and  57,000  lbs.  on  curved  track. 

On  sheet  No.  10503  there  has  been  plotted  the  pressure  per  square 
inch  on  the  tie  for  various  thicknesses  of  plates  16  and  10)4  inches  in 
length,  all  7  inches  wide.  The  pressure  as  plotted  is  on  the  assumption 
that  the  maximum  pressure  the  rail  receives  is  38,000  lbs.  From  the 
points  of  distribution  of  load  to  the  tie  as  between  under  and  outside 
of  the  rail,  two  curves  for  each  width  of  plate  have  been  plotted  and  so 
marked.  This  diagram  clearly  indicates  the  direction  in  which  the  dis- 
tribution of  metal  should  be  if  a  16  inch  plate  is  to  be  used,  as  compared 
with  a  1024-inch  length  of  plate  and  therefore  establishes  a  general  rule 
from  which  can  be  determined  whether  it  is  advisable  to  make  a  long, 
thick  plate  or  a  short,  shallow  plate.  It  will  be  observed  that  the  two 
upper  curves  for  the  16  inch  and  10)4  inch  plate  give  the  maximum 
pressure  per  square  inch  which  the  tie  receives  under  the  rail,  and  there- 
fore these  are  the  ones  which  establish  the  maximum  wear  on  the  tie 
under  the  given  load.  It  will  be  observed  that  for  plates  up  to  and 
including  1J4  inch  thickness  little,  if  anything,  is  to  be  gained  by  the  use 
of  plates  16  inches  long,  as  the  load  under  this  condition  under  the  rail 
will  be  approximately  as  severe  as  if  a  much  shorter  plate  were  used. 
It  is  above  the  thickness  of  V/2  inches  where  the  value  of  the  long  16-inch 
plate  makes  itself  apparent,  and  it  would,  therefore,  seem  from  the 
laboratory  results  as  though  the  16  inch  plate  should  be  used  only  where 
a  thickness  of  least  \l/2  inches  under  the  rail  is  provided  in  the  design 
of  the  plate.  This,  however,  requires  a  very  heavy  plate,  and  therefore 
would  seem  as  though  the  10-54  inc^  length  of  plate  for  any  width  is 
more  desirable  than  the  16  inch  plate. 

An  interesting  comparison  is  also  shown  here  from  the  results,  in 
that  the  same  pressure  is  received  by  the  tie  on  two  plates  of  the  same 
identical  weight,  one  being  16  inches  long  and  ll/2  inches  thick,  and  the 
other  10)4  inches  long  and  2  inches  thick.  The  weight  is  the  same  and 
the  pressure  received  by  the  tie  under  the  rail  is  slightly  unfavorable  to 
the  10)4  inch  plate.  This  again  tends  to  establish  the  minimum  thick- 
ness, namely,  V/2  inches,  if  plates  as  long  as  16  inches  arc  used. 

The  following  table  has  been  made  up  from  the  curve.;  for  load 
under  rail  shown  on  sheet  No.  10503  and  the  10)4  inch  and  16  inch  plates: 


t 

(L^=w.75) 

(L=i 

(1) 

(2) 

(3) 

.625 

795 

780 

.75 

760 

745 

1.0 

695 

680 

1.25 

650 

620 

1.50 

620 

570 

1.75 

600 

530 

2.00 

585 

500 

2.25 

575 

475 

2.50 

570 

465 
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Ratio 

IQ.75  r6 

t  t 

(4)  (5) 

17.2  25.5 

14.3  21.4 
10.75  16.0 

8.6  12.8 

7.4  10.6 

6.1  9.2 

5.4  8.0 

4.8  7.1 

4.3  6.4 

The  first  column  is  "t,"  or  thickness  of  the  plate. 

Second  column,  average  load  per  sq.  in.  corresponding  to  the  thick- 
ness of  the  plates,  which  were  10.75  inches  long. 

Third  column,  average  load  per  sq.  in.  corresponding  to  the  thick- 
ness of  the  plates,  which  were  16  inches  long. 

Fourth  column,  ratio  of  length  of  plate,  10.75  inches,  divided  by  the 
thickness. 

Fifth  column,  the  ratio  of  length  of  plate,  16  inches,  divided  by  the 
thickness. 

By  reference  to  the  table  it  is  seen  that  the  value  of  the  16  inch 
plate,  so  far  as  reducing  the  pressure  on  the  tie  under  the  rail  is  con- 
cerned, does  not  make  itself  apparent  until  after  the  plate  has  reached 
a  thickness  dimension  (t)  greater  than  1^4  inches,  and  that  where  "t"  is 
1  inch  or  less,  that  plates  of  10.75  inches  length  give  practically  as  good 
results  as  the  16  inch  plate  and  have  the  advantage  of  considerably  less 
weight  of   material. 

These  experiments  arc  too  limited  in  number  to  form  any  definite 
law,  but  the  preliminary  tests  seem  to  indicate  that  where  plates  of 
varying  length  and  thickness  are  7  inches  wide,   that   so  long  as  length 

L 
(L)   divided  by  the  thickness   (t)   or  —  is  greater  than  10.5,  the  pressure 

t 
upon  the   tie   under   the   rail   will   be   about   the   same,   regardless   of  the 

L 
values   (t)   and   (L),  and  that   for  ratio  values  —  above  14,  little  is  to  be 

t 
gained,  so  far  as  the  load  upon  the  tie  is  concerned,  and  that  if  this  ratio 
value  is  considerably  above   14  the  proportions  are  such  a^  to  provide  a 
plate  in  which  there  is  material  which  is  of  no  benefit  in  distributing  the 
load  upon  the  tie. 

As  would  be  expected,  the  distribution  of  the  tie  loading  is  markedly 
better  when  the  thickness  of  the  plate  is  greater  than  one  inch.  Some 
reduction  is  made  in  weight,  by  ribbing,  without  any  loss  in  stiffness 
for  plates  thicker  than  one  inch,  the  illative  saving  in  weight  being 
shown   by  the   following  table: 


Plate 

Weight 

P 

tr 

('. 

ni.  Saving  in  11 't 

Solid,  7x  18     x    1  inch 

25.5     lbs. 

Ribbed, 

19.75  lbs. 

22.5 

Solid,  7  x  16     x    2  inch 

45.5    lbs. 

Ribbed, 

31.0    lbs. 

31.9 

Solid,  7  x  10^4  x  Va  inch 

13.3    lbs. 

Ribbed, 

12.0    lbs. 

9.77 

This   indicates  the   saving   in   material   which   may  be   expected    from 
using  the   ribbed   design  of  tie-plate   and   is   inserted   only  to  indicate  the 
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desirability    of    considering    this    feature    in    the    design.      Photographs 
T-6258  and  6257  show  the  appearance  of  these  ribbed  plates. 

TEST  FOR   ELASTIC   LIMIT  OF   WOODS   IN   TIES. 

To  determine  the  value  of  the  elastic  limit  in  the  woods  used  in 
ties  we  obtained  some  chestnut  ties,  5  years  old,  marked  1,  2  and  3,  fur- 
nished by  you  as  per  your  letter  of  July  2,  1915,  and  also  obtained  the 
following  timber  from  stock  which  had  not  been  placed  in  service: 
Chestnut,  red  oak,  longleaf  yellow  pine,  white  oak  and  locust. 

Loads  were  applied  on  these  ties  with  a  steel  block  7x11  inches, 
and  after  each  increment  of  load  applied  the  compression  noted.  Results 
of  these  tests  are  shown  on  sheet-  Nos.  10472  to  10479  inclusive.  By 
reference  to  the  sheets  it  is  seen  that  the  results  are  very  erratic,  prob- 
ably due  to  the  character  of  the  material  tested,  and  only  an  estimate 
of  the  elastic  limit  from  the  results  obtained  can  be  made,  which  esti- 
mate is  indicated  on  each  sheet. 

The  following  table  is  a  summary  of  the  elastic  limit  as  estimated, 
together  with  the  corresponding  elastic  limit  figures  given  in  the  Govern- 
ment report.  Sheet  No.  10060  is  also  attached  showing  the  crushing 
strength  of  various  cross-tie  woods  as  furnished  by  the  Government,  as 
well  as  the  estimated  life  of  certain  ties.  It  is  noted  from  this  tabula- 
tion that  the  figures  as  obtained  in  the  laboratory  are  considerably  under 
those  shown  by  the  Government.  We  are  inclined  to  believe  that  it 
would  be  better  to  use  the  Government  figures,  as  undoubtedly  a  greater 
variety  and  larger  number  of  tests  were  made  in  order  to  obtain  the 
figures  furnished  by  them. 

Estimated  Elastic  Limit 
Kind  of  Wood  Laboratory  Government  Report 

Chestnut,  new   450  400 

Chestnut,  5-year  tic 366 

Red  Oak,  new 430  800 

Longleaf   Yellow    Pine 600  600 

White  Oak  480  900 

Locust    750  1400 

From  these  figures  the  indications  are  that  if  the  maximum  load  on 
the  rail  is  38,000  lbs.  the  ties  are  over-stressed  by  the  use  of  any  plates 
which  are  permissible,  considering  both  the  values  of  the  Government 
and  the  lower  values  obtained  by  the  laboratory  tests. 

If  the  average  load  as  obtained  on  our  road  tests  is  used  (which 
we  do  not  think  is  proper),  namely:  23,000  lbs.  (see  report  sent  ynu  under 
date  of  May  6,  1915)  instead  of  38,000  lbs.,  the  load  under  the  rail  on  the 
tie  for  the  various  thicknesses  may  be  calculated  in  the  ratio  23  to  38 
of  loads  given  in  Table  2  for  10)4  inch  plate,  as  follows : 

Thickness  Maximum  Pressure 

of  Plate  38000  23000 

.625  795  480 

.75  760  460 

1.00  695  420 

1.25  650  395 

1.50  620  375 

1 .  75  600  360 

2.00  585  355 

2.25  575  350 

2.50  570  345 

From  this  table,  having  determined  the  strength  of  the  tie  material 
to   resist   abrasion   by   the   selection    of   a    wood    having   an    elastic   limit 
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CRUSHING  STRENGTH  AND  ESTIMATED  LIFE  OF  UNTREATED  AND  TREATED  CROSS-TIES. 

1 

Estimated  Life   (all  Ties  Properly 

Tie  Plated) 

Treated 

Treated 

with  0.5 

with  10 

Pounds  Zinc 

Fibre  Stress  at 

Per  Cent 

lbs. Creo- 

Chloride 

Elastic  Limit 

of  Honey 

sote  per 

per  Cubio 

Kind  of  Wood 

Lbs. per  Sq. In. 

Looust 

Untreated 

Cubio  Foot 

Foot. 

oney  Looust 

1500  -  1600 

100 

lack  Looust 

1400 

94 

20  years 

iokory 

1000  -  1050 

66 

lite  Oak 

850  -     970 

57 

8 

Bd  Oak 

775  -   820 

52 

4 

20  years 

12  years 

surd  Maple 

700  -     700 

47 

4 

18 

12 

seoh 

600 

40 

4 

20 

12 

iBBafraa 

500 

33 

lokberry 

500 

33 

•  )ft  Maple 

500 

33 

•laok  Gun 

500  -     500 

33 

3 

16 

11 

■  Higleaf  (Loblolly] 

500   -     500 

33 

7  (3) 

20    (15) 

(LO) 

•  Tpress   (Cedar) 

500  -  550 

33 

10.  (11) 

'  llnut 

500 

33 

'Iroh 

450 

30 

*  3d  Gun 

450 

30 

3 

16 

11 

i  lerry 

450 

30 

La 

450 

30 

rcaraore 

425  -     430 

28 

'  lestnut 

400 

27 

7 

14 

11 

ih 

400  -     567 

27 

lortloaf  Pine 

400  -     400 

27 

ilberry 

400 

27 

rtterhut 

275 

18 

•jnnonly  used  on  P.R.R 

Ife  figures  obtained 

from  Forest  Serv 

Ice  -  Bull 

etin  No.   118. 

irength  figures  obtaL 

ned  from  Forest  . 

Service  - 

Circular  No.  213. 

Sheet  No.  10060    . 
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within  the  figures  above,  the  approximate  thickness  of  plate  can  be  de- 
termined. 

The  question  of  hard  or  soft  wooden  ties  and  the  probable  effect  of 
decay  are  factors  just  as  important  as  the  consideration  of  the  size  of 
the  tie-plates.  This  is  apparent  from  the  small  margin  between  the  load 
which  the  tie  receives  and  the  load  which  it  is  able  to  sustain  within 
the  elastic  limit,  and  therefore  it  would  seem  as  though  these  other 
factors  should  be  given  equal  consideration  with  the  question  of  the 
thickness  of  the  tie-plate  or  its  size  before  drawing  any  final  conclusions 
as  to  the  thickness  and  size  of  tie-plate  which  should  be  used.  The 
low  elastic  limit  for  certain  of  the  woods  seem  to  indicate  clearly  the 
undesirability  of  purchasing  these  for  tic  purposes. 

Yours  truly, 

(Signed)     C.  D.  Young, 

Engineer  of  Tests. 


TESTS    TO    ASCERTAIN    PROPORTION    OF    LOAD    ON    RAIL 
TRANSMITTED  TO  EACH  TIE. 

September   14,   1914. 
Mr.   W.  G.  Coughlin, 

Engineer  Maintenance  of  Way. 

Dear  Sir : 

I  enclose  you  herewith  print  from  Test  Department  Sheet  No.  9462, 
showing  testing  apparatus  which  we  have  designed  in  accordance  with 
conversation  which  your  Committee  on  Tie-Plates  had  with  our  Engineer 
of  Tests  on  September  3rd,  and  in  accordance  with  instructions  received 
from  the  General  Manager  dated  September  8th. 

Kindly  advise  if  you  have  any  suggestions  to  make  as  to  this  ar- 
rangement for  taking  the  vertical  load  which  is  applied  to  the  rail  when 
the  equipment  is  passing  over  same. 

You  will  note  from  the  blueprint  that  three  balls  are  set  in  a  plate 
which  rests  upon  the  tie  and  upon  these  balls  is  placed  a  piece  of  soft 
steel  upon  which  the  impressions  are  made.  This  piece  of  soft  steel  being 
removed  between  tests  to  take  readings  and  replaced  with  a  fresh  plate 
by  means  of  a  wedge  which  gives  a  sufficient  clearance  when  removed  to 
take  out  the  plate.  When  the  apparatus  is  set  up  in  the  track  a  filling 
piece  is  placed  between  the  base  of  the  tie-plate  which  sets  on  the  tie 
and  wedge  to  properly  secure  the  apparatus  in  the  track  when  not  taking 
readings.  This  piece  is  marked  on  the  drawing  as  "dummy  block." 
Above  the  wedge  is  a  portion  of  a  standard  tie-plate  machined  with  the 
proper  taper  and  size  to  fit  in  a  rectangular  frame  which  will  prevent 
any  movement  of  this  plate,  either  vertically  or  crosswise  of  the  tie. 

Will  you  kindly  let  me  have  your  comments  or  criticisms  of  this 
apparatus  promptly,  in  order  not  to  delay  the  work  of  making  the 
apparatus? 

Yours  truly, 

(Signed)     J.  T.  Wallis, 
General  Supt.  Motive  Power. 
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LOAD  SUSTAINED  BY  TIE-PLATES. 

The  Pennsylvania  Railroad  Company  Test  Department, 

Report  No.  15-12. 

Altoona,  Pa.,  February  24,  1915. 
Mr.  J.  T.  Wallis, 

General  Superintendent  Motive  Power. 
Dear  Sir: 

In  accordance  with  instructions  contained  in  your  memorandum  of 
September  11,  1914,  desk  1,  attached  to  communication  from  Mr.  S.  C. 
Long,  General  Manager,  dated  September  8,  1914,  tests  have  been  made 
to  determine  the  load  sustained  by  tie-plates  in  track.  This  information 
was  desired  by  the  Committee  on  Screw-Spike  Test  covering  tie-plates  on 
tangent  track,  on  a  curve  where  a  speed  of  70  miles  per  hour  is  allowed 
and  on  a  sharp  curve  on  main  line  track. 

DESCRIPTION   OF   APPARATUS. 

2.  The  recording  apparatus  used  in  these  tests  consists  of  a  steel 
plate,  on  which  rests  three  1-inch  hardened  steel  balls.  The  tie-plate  fits 
inside  of  this  plate  and  is  clamped  to  the  rail  on  both  sides.  This  tie- 
plate  is  tapered  on  the  bottom  to  fit  a  wedge  which  is  used  to  provide 
sufficient  clearance  between  the  top  of  the  apparatus  and  the  bottom  of 
the  rail.  A  soft  steel  plate,  called  the  "Impression  Plate,"  is  inserted 
below  the  wedge  and  rests  on  the  top  of  the  steel  balls.  The  load  on 
the  rail  transmitted  through  the  tie-plate,  wedge  and  impression  plate, 
causes  the  hardened  balls  to  give  impressions  in  the  soft  steel  plate,  the 
area  of  the  impressions  obtained  in  the  steel  plate  being  a  measure  of 
the  load  applied.  Twenty  of  these  devices  were  provided,  a  sketch  of 
which  is  shown  on  sheet  No.  9737. 

3.  When  the  apparatus  is  in  place  under  the  rail  it  is  necessary  that 
the  tics  be  lowered  3  inches  below  the  usual  location.  A  3-inch  filling 
piece  placed  on  the  other  end  of  tie  and  securely  fastened  to  the  rail 
and  tie  served  to  keep  the  opposite  rail  at  the  proper  elevation.  In  order 
that  the  tics  would  have  a  proper  foundation,  a  period  of  from  one  to 
four  weeks  elapsed  after  the  ties  were  lowered  before  any  tests  were 
made  over  the  track.  During  this  interval  the  track  was  tamped  daily  and 
kept   in   first-class  condition. 

LOCATION  OF  TEST  TRACK. 

4.  The  track  selected  for  making  these  tests  was  on  the  tangent 
section  of  No.  2  track  East  of  Tipton,  on  the  2°  curve  of  No.  2  track 
East  of  Tipton  and  6°  curve  of  No.  1  track  East  of  "FR"  Tower  on 
the  Middle  Division.  The  track  at  these  three  locations  is  rock  ballasted 
and  laid  with  100-lb.  rails.  The  load  was  determined  on  one  rail  of 
the  tangent  track,  on  the  outside  rail  of  the  2°  curve,  which  has  an 
elevation  of  4  inches,  and  on  the  inside  rail  of  the  6°  curve.  The  eleva- 
tion of  the  outside  rail  on  this  curve  is  6  inches.  The  apparatus  was 
installed  on  the  2°  curve  approximately  300  feet  from  the  point  of  curv 
attire,  and  on  the  6°  curve  approximately  500  feet  from  the  point  of 
curvature. 

5.  Most  of  the  tests  were  run  in  November,  1014,  and  before  the 
roadbed  was  frozen.  Additional  tests  were-  run  on  the  tangent  track  in 
February,   1915,  after  the   roadbed   was   frozen. 

METHOD    OF   CONDUCTING    TKSTS. 
().     The  recording  devices   were   placed   in  the   track   to   determine   the 
load    sustained    by    the    tie-plates    under    two    conditions    of    loading,    as 
follows : 
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(a)  Load  Supported  on  Alternate  Ties. — In  this  method  every  other 
tie  along  one  rail  was  equipped  with  a  recording  apparatus.  The  inter- 
mediate ties  were  not  tamped  solid,  and  in  this  way  practically  the  entire 
load  on  one  rail  was  supported  on  the  recording  ties,  which  were  spaced 
about  40  inches  apart,  the  length  of  the  track  being  approximately  66  ft. 

(b)  Load  Supported  on  Consecutive  Ties. — In  this  method  the 
twenty  devices  were  installed  on  consecutive  ties  along  one  rail  of  the 
track;  these  ties  were  tamped  solid  so  that  each  tie  would  support  its 
proportionate  part  of  the  load.  The  ties  were  spaced  about  20  inches 
apart.    The  length  of  the  test  track  was  approximately  33  ft. 

7.  The  impression  plates  used  in  the  tests  were  of  uniform  hardness 
and  cut  from  ^4-inch  boiler  steel.  Samples  of  these  plates  were  tested 
in  the  laboratory  under  static  loads  of  from  500  to  50,000  lbs.  applied 
to  a  1-inch  steel  ball.  The  corresponding  diameters  of  the  impressions 
obtained  in  these  tests  were  plotted  against  the  load  applied;  the  result- 
ing curve  is  shown  on  sheet  No.  9560. 

8.  In  the  road  tests  the  load  transmitted  by  each  tie-plate  was  ob- 
tained by  measuring  the  diameter  of  each  of  the  three  holes  made  in 
the  impression  plates  by  the  steel  balls.  The  load  represented  by  each 
impression  was  taken  from  sheet  No.  9560,  the  total  load  on  the  plate 
being  the  sum  of  the  three  individual  loads. 

9.  Tests  were  made  with  class  D16,  E6s,  K2sa  and  Lis  locomotives 
run  over  the  test  track  at  speeds  of  from  5  to  70  miles  per  hour.  Addi- 
tional tests  were  made  with  a  class  H-21  car  empty,  class  H-21  car  loaded 
and  a  class  H-21  car  having  a  2^-inch  flat  spot  on  the  front  pair  of 
wheels.  The  tests  with  these  cars  were  made  by  allowing  them  to  drift 
over  the  test  track  at  various  speeds.  The  wheel  arrangement  of  the 
locomotives  and  the  weights  of  the  locomotives  and  cars  is  shown  on 
sheet  No.  9738.  Some  additional  tests  were  made  with  the  class  E6s 
and  K2s  locomotives  without  the  tender,  in  order  to  determine  whether 
in  this  condition  the  impressions  would  be  materially  different  than  those 
obtained  when  the  locomotive  was  run  with  the  tender.  Tests  were 
also  made  with  the  class  Lis  locomotive  hauling  the  loaded  class  H-21 
car  with  and  without  the  flat  spot  in  the  wheels,  and  also  with  the 
class  Lis  locomotive  hauling  a  loaded  freight  train.  In  all  tests  the 
throttle  was  closed  during  the  passage  of  the  locomotive  over  the  test 
track,  except  that  one  test  was  made  with  the  class  D16  locomotive 
using  steam  on  the  2-degree  curve.  The  speed  at  which  the  locomotive 
or  cars  were  run  over  the  test  track  was  obtained  by  taking  the  time 
required  to  cover  a  measured  section  just  previous  to  the  entrance  to 
the    test   track. 

RESULTS  OF  TESTS. 

10.  The  results  of  the  tests  may  be  grouped  under  two  heads : 
(  a )     Recording  apparatus  placed  on  alternate  ties,  and 

(b)     Recording  apparatus   placed   on   consecutive   ties. 

RECORDING     APPARATUS    PLACED    ON    ALTERNATE    TIES. 

11.  The  load  registered  on  each  recording  tie,  calculated  from  the 
impressions  made  in  the  soft  steel  plates,  is  shown  graphically  on  the  fol- 
lowing representative  sheets: 

Sheets  Nos.  9740  and  9742,  inclusive,  tests  made  on  tangent  track. 

Sheets  Nos.  9748  and  9750,  inclusive,  tests  made  on  the  2-degree  curve. 

Sheets  Nos.  9756  ami  9758,  inclusive,  tests  made  on  the  6-degree  curve. 

12.  The  maximum  and  average  load  obtained  on  the  tests,  plotted 
against  the  speed  at  which  the  tests  were  run,  are  shown  on  sheets  Nos. 
9760  to  9764,  inclusive,  you  will  note  that  on  the  tangent  track  and  on  the 
2-degrec  curve  the  load  obtained  increases  with  the  speed.    This  increase 


PENNSYLVANIA  SYSTEM.  161 

is  more  rapid  on  the  tests  made  on  the  outside  rail  of  the  2-degree  curve 
than  those  made  on  the  tangent  track. 

13.  Comparing  the  maximum  curve,  it  will  be  observed  that  below 
a  speed  of  40  miles  per  hour  the  loads  obtained  on  the  2-degree  curve 
are  not  materially  greater  than  those  obtained  on  the  tangent  track. 
Above  this  speed  the  loads  shown  for  the  2-degree  curve  increase  more 
rapidly  with  the  speed  than  those  for  the  tangent  track. 

14.  On  the  6-degree  curve  the  loads  recorded  decrease  as  the  speed 
of  the  locomotive  is  increased.  This  would  be  expected,  inasmuch  as  the 
recording  apparatus  was  placed  on  the  inside  of  the  curve,  and  there  is 
no  doubt  that  if  records  had  been  taken  on  the  outside  rail  a  correspond- 
ing increase  in  load  with  the  speed  would  have  been  obtained. 

Locomotive  running  without  tender. 

15.  Some  tests  were  made  with  class  E6s  and  K2sa  locomotives  to 
determine  the  load  recorded  without  the  tender  attached  to  the  locomo- 
tive. In  such  cases  the  loads  were  usually  less  than  those  recorded  when 
the  tender  was  attached  to  the  locomotive,  but  the  difference  with  the  two 
conditions  were  not  of  sufficient  magnitude  to  warrant  making  a  full 
series  of  tests  without  the  tender  attached  to  the  locomotive. 

Locomotive  using  steam  over  the  test  track. 

16.  The  usual  procedure  in  conducting  the  tests  was  to  operate  the 
locomotive  over  the  test  track  with  the  throttle  closed,  in  order  that 
there  would  be  but  a  slight  change  in  the  speed  of  the  locomotive  over 
the  test  section.  One  lest,  however,  was  made  on  the  2-degree  curve 
with  the  class  D16  locomotive  with  the  throttle  open.  The  maximum  and 
average  load  recorded  in  this  case  was  higher  than  when  the  locomotive 
was  run  with  the  throttle  closed.  The  difference  in  the  results  obtained 
with  the  two  conditions  of  locomotive  operation,  were  no  greater  than 
we  found  between  other  tests  with  all  conditions  presumably  similar,  and, 
in  our  opinion,  was  not  due  to  the  different  manner  in  which  the  D16 
locomotive  was  operated  on  the  two  tests. 

Class   H21    cars. 

17.  Sheets  Nos.  9761  and  9763  show  graphically  (he  maximum  and 
average  load  recorded  with  the  class  H21  cars.  As  would  be  expected, 
the  load  recorded  with  the  car  having  the  flat  spot  on  the  wheel  increases 
with  the  speed  at  which  the  car  was  moved,  but  at  the  low  speeds  is  about 
the  same  as  the  H21  car  without  the  flat  spot.  The  table  on  sheet  No. 
9765,  p.  215,  shows  the  maximum,  minimum  and  average  loads  obtained 
on  all  the  tests  with  these  cars.  The  loads  obtained  from  the  empty  car 
are  about  the  same  on  the  tangent  and  the  2-dcgrce  curve.  Those  for  the 
loaded  cars  arc  slightly  less  on  the  2-degree  curve  than  they  were  on 
the  tangent  track,  probably  due  to  the  elevation  of  the  outer  rail  and  the 
comparatively  low  speed  at  which  the  tests  were  made,  which  would 
tend  to  bring  the  greater  part  of  the  load  on  the  inside  rail. 

RECORDS  TAKEN  ON   CONSECUTIVE  Til 

18.  The  load  recorded  on  each  tie  for  20  consecutive  lies  for  loco- 
motives, classes  Lis,  K2sa,  E6s  and  D16,  are  shown  graphically  on  the 
following  representative  sheets: 

Sheets  Nos.  9767  and  9760,  inclusive,  tests  made  on  tangent  track. 

Nos.  9772  and  9775,  inclusive,  tests  made  on  2-degree  curve. 
Sheets  Nos.  9777  and  9779,  inclusive,   tests  made  on  6  degree  curve. 

19.  With  the  above  arrangement  of  recording  device  the  loads  ob- 
tained are  from  10  to  20  per  cent,  less  than  those  found  when  the  appa- 
ratus was  placed  on  alternate  tics.  The  decrease  in  the  load  on  each  tic 
is  due  to  the  increase  in  the  number  of  rail  supports  in  a  given  distance. 
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The  maximum  and  average  load  of  each  test,  is  shown  graphically  on 
sheets  Nos.  9781  to  9783,  inclusive.  It  will  be  observed  that  the  load  ob- 
tained increases  with  the  speed  of  the  locomotive  on  the  tangent  track 
and  2-degrec  curve  and  decreases  with  the  speed  on  the  6-degree  curve. 
The  loads  recorded  on  the  2-degree  curve  are  about  the  same  as  those 
found  on  the  tangent  track  up  to  a  speed  of  40  miles  per  hour,  confirm- 
ing the  results  obtained  when  the  apparatus  was  installed  on  the  alternate 
ties. 
Loaded  freight  train  hauled  by  class  Lis  locomotive. 

20.  Sheets  Nos.  9781  to  9783,  inclusive,  show  the  results  of  tests 
made  with  a  loaded  freight  train  hauled  by  Lis  locomotive,  compared 
with  those  made  with  the  class  Lis  locomotive  run  light  With  the  loco- 
motive and  train  the  maximum  load  obtained  is  from  15  to  29  per  cent, 
greater  than  that  shown  when  the  locomotive  is  .run  light.  Trains  of 
from  78  to  102  cars  were  run  over  the  test  track,  but  with  this  variation 
in  weights  and  lengths  of  trains  there  was  no  consistent  difference  in  the 
loads  obtained. 

21.  That  the  loads  represented  by  the  indentations  made  in  the  im- 
pression plates  by  the  passing  of  the  locomotive  over  the  test  section  are 
increased  by  the  subsequent  movement  of  cars  of  a  lighter  weight  per 
axle,  is  due  to  the  fact  that  these  lighter  loads  are  applied  dynamically  due 
to  flat  wheels,  oscillation  of  cars,  etc. 

TESTS     RUN     ON     TANGENT     TRACK — FROZEN     ROADBED. 

22.  On  sheets  Nos.  9784  to  9787,  inclusive  (not  shown),  are  shown 
graphically  the  results  of  the  tests  run  with  the  various  classes  of  locomo- 
tives with  the  roadbed  in  frozen  condition. 

23.  On  sheet  No.  9788  is  plotted  the  load  against  the  speed  at  which 
the  tests  were  run.  Comparing  the  results  on  this  sheet  with  those  shown 
on  sheet  No.  9781,  which  were  made  in  warm  weather.  It  will  be  noted 
that  the  average  load  recorded  on  the  frozen  roadbed  was  from  15  to  25 
per  cent,  greater  than  those  shown  in  the  warm  weather  tests. 

COMPARISON    OF    THE   RESULTS — ALTERNATE    AND   CONSECUTIVE   TIES. 

24.  A  summary  of  the  results  obtained  on  the  various  test  tracks 
for  the  two  installations  of  test  apparatus,  is  shown  on  sheets  9789  to 
9792,  pp.  190-193,  inclusive.  You  will  note  that  for  similar  speeds  the 
average  recorded  load  is  less  when  the  apparatus  was  placed  on  consecu- 
tive ties  than  when  it  is  placed  on  alternate  ties. 

25.  Considering  the  condition  of  the  roadbed  and  the  spacing  of 
the  supporting  ties  in  the  two  methods  of  applying  the  recording  devices, 
we  are  of  the  opinion  that  the  loads  determined  when  the  apparatus  was 
placed  on  consecutive  ties  more  nearly  represents  service  conditions  than 
when  placed  on  alternate  ties. 

CONCLUSIONS. 

26.  The  following  table  summarizes  briefly  the  highest  average  and 
maximum  loads  obtained  on  the  tangent  track,  2-degree  curve  and  6- 
degree  curve  with  the  locomotives  run  light  and  also  with  a  locomotive 
and  train  of  freight  cars. 

Location  of  Test  Track  . .  Tangent  Track  2-Dcgrce  Curve  6-Degree  Curve 

Equipment                                                 Locomotives  run  Light 

Class  of  Locomotive E-6s  K-2sa  K-2sa 

Speed,  Miles  per  Hour  70.8  8.5  11.1 

Maximum  Load— Lbs 37,900  36,625  62,080 

Gass  of  Locomotive   Lis  K-2sa  K-2sa 

Speed,  Miles  per  Hour 5.2  42.1  11.1 

Average  Load— Lbs 20,450  19,190  37,014 
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Equipment  Locomotive  and  Train 

Number  of  Cars  in  Train 78  91  102 

Speed,  Miles  per  Hour 43.5  45.4  5.9 

Maximum   Load— Lbs 34,625  39,450  78,745 

Average  Load— Lbs 22,551  26,212  39,887 

27.  The  table  is  based  on  the  results  of  tests  made  on  consecutive 
ties,  as  with  this  installation  of  test  apparatus  the  true  condition  of  the 
average  track  is  more  nearly  approached  than  when  the  apparatus  was 
installed  on  alternate  ties. 

28.  The  loads  shown  in  the  table  are  those  obtained  when  the  road- 
bed was  unfrozen  and  in  our  opinion  should  be  given  greater  considera- 
tion than  those  found  when  the  roadbed  was  frozen,  for  the  reason  that 
our  track  structure  is  in  the  latter  condition  but  a  small  percentage  of 
the  total  time  and  by  proper  drainage  the  effects  of  freezing  can  in  a 
large  measure  be  overcome  and  further,  if,  in  designing  tie-plates,  proper 
consideration  is  given  to  the  maximum  loads  obtained  with  unfrozen 
roadbed  the  average  loads  obtained  with  frozen  roadbed  will  be  covered. 

EFFECT  OF  TRACK  CURVATURE  ON   TIE-FLATE  LOADS. 

29.  From  the  above  table  the  following  conclusions  may  be  drawn : 
a — The     design    of     tie-plates    to     meet    curve     conditions    should 

be  different  from  that  on  tangent  track,  due  to  the  fact  that  a 
variation  in  the  elevation  of  the  curve  has  a  material  bearing  upon 
the  load  which  the  tie-plate  sustains,  and  as  this  elevation  can 
only  be  made  for  a.  compromise  speed,  excessive  loads  will  occur 
at  other  speeds. 

b — 'Tie-plates  designed  for  use  on  curves  up  to  and  including  2  de- 
grees might  be  of  the  same  class  as  those  designed  for  tangent 
track. 

c — The  bearing  value  of  tie-plates  for  curves  of  6  degrees  and  over 
should  be  approximately  twice  that  used  on  tangent  tracks. 

d — Tie-plates  for  curves  of  between  2  and  6  degrees  in  all  proba- 
bility do  not  need  as  great  a  bearing  value  as  tie-plates  used  on 
6-degree  curves  and  over,  but  should  have  a  bearing  value  greater 
than  tic-plates  on  tangent  track. 

c — It  would,  therefore,  seem  that  in  order  not  to  have  too  many  de- 
signs of  tie-plates  the  dividing  line  for  change  in  design  from 
tangent  to  curved  track  would  be  between  the  2-  and  6-degrce 
curve  and  that  the  bearing  value  of  the  two  designs  of  tie-plates 
should  be  approximately  1.6  to  one. 

RATIO   OF   STATIC   TO   DYNAMIC  LOADS  ON   TIE-PLATES. 

30.  The  following  tabulation  shows  the  maximum  static  load  which 
was  placed  on  the  tie-plates  at  each  of  the  locations  of  the  test  apparatus 
and  also  the  maximum  load  which  was  recorded  in  the  impression  plates. 

Maximum  Loads — Lbs.    Ratio  of  Static  Load 
Static.        Dynamic.        to  Dynamic  Load. 
Tangent  Track. 
Locomotive      and      train      of 

Loaded  cars  32.750  34,625  1:1.06 

Locomotive  Light  34,000  37,900  1:1.11 

2-Dcgrcc  Curve. 
Locomotive      and      train      of 

Loaded  Cars  32,750  39,450  1  :1.20 

Locomotive  Light  34,000  35,625  1 :1.05 

6-Dcgrcc  Curve. 
Locomotive      and      train      of 

Loaded  Cars  32,950  78.745  1 :2.39 

Locomotive  Light  34.000  62,080  1:1.83 
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31.  From  the  above  table  it  will  be  observed  that  the  maximum  dy- 
namic load  on  the  tie-plates  when  the  locomotives  are  run  light  is  for 
tangent  track  and  the  2-degree  curve  less  than  1.2  times  the  static  load, 
and  on  the  6-degree  curve  the  dynamic  load  is  1.83  times  the  maximum 
static  load. 

32.  For  a  locomotive  and  train  of  loaded  cars  the  dynamic  load  re- 
corded on  the  tangent  and  2-degree  curve  does  not  exceed  1.2  times  the 
maximum  static  load,  on  the  6-degree  curve,  however,  the  maximum 
dynamic  load  is  2.39  times  the  maximum  static  load.  This  latter  ratio 
obtained  on  the  6-degree  curve  was  the  result  found  with  a  train  of  102 
cars  passing  over  the  test  apparatus,  during  which  408  car  wheels  struck 
the  plate  dynamically.  Therefore,  we  feci  that  the  limitation  of  our  ap- 
paratus was  such  that  this  impression  is  not  a  correct  one  for  the  maxi- 
mum load  which  the  tic-plate  actually  sustains,  but  rather  has  been 
accumulated  from  repeated  dynamic  loads  and  it  is  probable  that  for  cars, 
the  maximum  blow  which  the  tie-plate  receives  is  not  in  excess  of  the 
Mow  found  for  a  flat  wheel  car  which  was  26,364  lbs. 

33.  We  believe  that  the  same  reasoning  should  apply  to  the  observa- 
tions made  on  tangent  track  and,  therefore,  the  controlling  feature  in 
the  ratio  of  the  static  to  the  dynamic  load  is  the  locomotive.  We,  there- 
fore, feel  that  it  is  safe  to  assume  that  under  the  usual  operating  condi- 
tions the  dynamic  blow  will  not  be  greater  than  twice  the  static  load  of 
the  locomotive. 

34.  It  is  desirable  to  ascertain  for  what  load  our  tie-plates  should  be 
designed  for  use  on  tangent  and  curved  track  and,  in  reviewing  the  data 
and  these  conclusions,  it  is  apparent  that  this  load  can  only  be  a  com- 
promise between  the  average  load  which  the  tie-plate  sustains  and  the 
maximum  load.  If  it  is  desired  to  design  the  tie-plate  to  meet  the  maxi- 
mum conditions,  they  should  be  designed  to  sustain  a  load  for  tangent 
track  of  not  less  than  38,000  lbs.  and  for  a  curved  track  somewhere  be- 
tween 2  and  6-degrce  curves  of  not  less  than  60,000  lbs.  The  actual 
maximum  having  been  obtained  on  a  6-degree  curve  with  K-2  locomotive 
at  11  miles  per  hour  of  62,000  lbs.  If,  on  the  other  hand,  the  design  is 
based  upon  the  average  for  tangent  track,  the  figures  are  reduced  to 
20,000  lbs.  and  for  curved  track  to  37,000  lbs.  In  our  judgment,  it  would 
not  be  proper  to  design  the  tie-plates  for  the  average  load,  due  to  the 
irregularity  in  tamping  and  that  loads  up  to  the  maximum  would  cause 
permanent  deformation  in  the  tie.  These  figures  should  be  the  basis, 
however,  for  some  compromise  figure  in  tie-plate  design  which  will  con- 
sider all  of  the  factors  involved  in  the  maintenance  of  the  tie-plate  and 
the  tie,  with  due  regard  to  the  distribution  of  the  load  under  the  tie- 
plate  and  the  fact  that  the  tie-plate  is  to  be  applied  on  tangent  or  curved 
track.  A  suggested  figure  for  the  tie-plate  load,  if  it  does  not  involve  too 
great  an  expense  in  tie-plate  design,  would  seem  to  be  in  the  neigh- 
borhood of  38,000  lbs.  for  tangent  track  and  an  increase  of  60  per  cent 
over  this  for  curves,  above  the  division  point  selected  from  Par.  29  (e). 

RECOMMENDATIONS. 

35.  We  have  been  requested  to  make  microscopic  examination  of 
the  structure  of  ties  after  they  have  been  subjected  in  the  laboratory 
to  repeated  application  of  the  loads  as  determined  in  these  road  tests. 

36.  In  view  of  the  results  given  above,  we  would  recommend  that 
this  report  be  referred  to  the  Committee  on  Screw-Spike  Tests  and  that 
they  advise  us  what  load  they  desire  used  for  laboratory  investigation 
of  the  ties  and  tie-plates. 

(Signed)     C.  D.  Young, 
Engineer  of  Tests. 
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SUMMARY  OF  RESULTS   OP  TESTS  OP  CLASS  D-16  LOCOMOTIVE  NO.    134. 

READINGS  TAKEN  ON  ALTERNATE  TIES 

READINGS   TAKEN  ON  CONSECUTIVE  TIES 

Test 

No. 

Speed 

M.P.H. 

Max.    load 

Min.   load 

Avg. 
Load 

Lbs. 

Test 
No. 

Speed 
M.P.H. 

Uax.   load 

Min.   load 

AV( 

Loe 
Lb: 

Lbs. 

Tie 
No. 

Lbs. 

Tie 

NO. 

Lbs. 

Tie 

No. 

Lbs. 

Tie 

No. 

Testa  made  on  tangent  track. 

11 

10 

9 

12 

5.5 
11.6 
48.7 
55.1 

23750 
24190 
29920 
25625 

1 
18 
18 

1 

12540 
12465 
14620 
16500 

19 

19 

19 

6 

18070 
18372 
20310 
21505 

63 
61 
60. 
62 

5.7 
11.2 
38.4 
42.3 

21885 
22775 
20050 
21755 

1 

10 

1 

1 

6110 
5910 
3375 
4950 

12 

12 

14 

8 

1266 
128! 
125; 

126/ 

Tests  made  on  2°   curve. 

20 
19 
21 
22* 

4.5 
12.2 
43.8 
43.2 

20680 
20810 
24625 

30525 

18 
20 
10 
18 

12990 
13840 
15650 
13825 

17 
2 
5 
2 

16652 
17675 
19991 
22716 

80 
78 
79 

6.8 
12.2 
50.0 

21100 
23700 
20325 

19 

19 

6 

5090 
4650 
4710 

3 

3 
7 

109c 

U6: 

122! 

Tests  made  on  6*  curve. 

92 
91 
93 

6.2 
11.9 
36.2 

40150 
40310 
43150 

20 
16 

16 

25700 
28985 
17850 

12 

2 

12 

30840 
33215 
26042 

102 
101 
103 

5.0 
11.0 

40.0 

36650 
40400 
34350 

15 
15 
15 

9625 
9500 
6435 

14 
16 
18 

2135 

214: 

192'. 

Tests   on  tangent  track  -  Frozen  roadbed. 

109 
108 
107 

3.6 

9.4 

42.6 

28475 
25900 
29325 

20 
5 
5 

4210 
4760 
5460 

12 
12 
12 

148( 
142' 
146'. 
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SUMMARY  OP  RESULTS  OP  TESTS  OF  CLASS  E6s  LOCOMOTIVE  NO.  272. 

Readings  taken 

on  alternate  ties.        Readings  taken  on  consecutive  ties. 

it 

Speed 

Max. 

Load 

Min.  Load 

Avg. 

Speed 

Max.  Load 

Min.  Load 

Avg. 
Load 

Tie 

Tie 

Load 

Test 

Tie 

Tie 

>. 

M.P.H. 

Lbs. 

No. 

Lbs. 

No. 

Lbs. 

No. 

L'.P.H. 

Lbs. 

NO. 

Lbs. 

No. 

Lbs. 

1 

-ESTS  MADS  ON  TANGENT  TRACK. 

1 

8.9 

35950 

1 

12370 

2 

24448 

52 

5.2 

32375 

1 

8490 

14 

18149 

i 

14.7 

33925 

20 

16175 

19 

24846 

54 

12.3 

27960 

1 

7400 

12 

17850 

40.0 

36725 

1 

12350 

16 

21800 

53 

42.1 

30800 

1 

8480 

12 

17564 

; 

49.7 

38560 

3 

22330 

6 

29349 

, 

66.7 

43225 

1 

17275 

16 

28437 

51 

70.8 

37900 

1 

8965 

10 

19104 

,* 

54.0 

33980 

3 

19055 

15 

26584 

TESTS  MADE  ON  Z*   CURVE. 

i 

4.5 

28310 

13 

14925 

9 

23670 

71 

5.8 

31850 

6 

3240 

3 

14946 

i 

12.2 

30500 

13 

18680 

17 

24115 

69 

13.4 

27200 

6 

4335 

3 

13058 

! 

39.2 

39400 

18 

25000 

4 

30196 

70 

42.6 

27775 

6 

5030 

3 

14881 

> 

72.4 

60870 

19 

31040 

8 

43845 

ruars  ULDB  nir  6»  curve. 

; 

4.7 

59380 

17 

32200 

3 

49469 

98 

4.7 

57520 

15 

14225 

18 

29061 

, 

10.2 

65220 

17 

34500 

3 

51534 

99 

9.7 

60155 

15 

12640 

14 

30204 

i 

40.8 

51890 

4 

14700 

13 

31322 

97 

43.5 

41515 

2 

10470 

16 

22584 

TESTS  MADE  OH  TANGENT  TRACK  -  FROZEN  ROADBED. 

113 

3.8 

30965 

3 

11610 

18 

21655 

115 

8.1 

34075 

1 

12690 

18 

21935 

116 

36.4 

36775 

1 

10850 

18 

21783 

114 

58.8 

39875 

1 

10550 

12 

23819 

• 

lo  co  mot 

Ire  wit 
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SUMMARY  OF  RESULTS   OP  TESTS   OF  CLASS  K25A  LOCOMOTIVE  HO.   077. 

READINGS  TA7ET 

OH  ALTERNATE  TIES 

READINGS 

TAffitf  OH  CCJTSECUT] 

7E  TIES 

Test 

Speed 

!tax. 

load 

Lin. 

load 

Avg. 

Load 

Test 

Speed 

liax.    load 

I!in  load 

Ave. 

Load 

Tie 

Tie 

Tie 

Tie 

ro. 

U.P.H. 

Lbs. 

Ho. 

Lbs. 

Ho. 

LbB. 

MO. 

M.P.H. 

Lbs. 

Ho. 

Lbs. 

No. 

Lbs. 

r 

'eats  made  on  tangent  track. 

7 

5.3 

35450 

3 

17505 

10 

20447 

58 

3.9 

26375 

11 

6150 

14 

18814 

6 

10.8 

34975 

18 

17225 

17 

27032 

56 

9.8 

33400 

9 

10075 

20 

19579 

5 

45.4 

36525 

1 

18620 

10 

27823 

57 

50.6 

28375 

1 

6450 

14 

1676B 

8 

70.0 

58525 

18 

21630 

15 

32715 

55 

70.8 

33610 

9 

5110 

18 

18176 

14  • 

41.6 

36660 

18 

18775 

9 

26050 

TestB  made  on  2*  curve. 

18 

5.1 

33100 

5 

17350 

9 

26344 

77 

0.5 

35625 

6 

6040 

3 

17535 

17 

8.1 

32975 

5 

20150 

19 

26020 

75 

15.4 

32800 

19 

5410 

20 

18319 

34 

44.4 

38500 

13 

16825 

8 

27403 

76 

42.1 

34850 

0 

7905 

13 

19190 

16 

48.7 

40990 

15 

25800 

6 

34909 

15 

68.9 

63300 

19 

17960 

14 

38005 

33 

74.1 

60500 

19 

24955 

11 

41407 

Tests  made  on  6*  curve. 

89 

6.0 

50940 

20 

42100 

10 

51821 

106 

6.1 

59010 

15 

20975 

16 

36O80 

89 

8.6 

64445 

4 

45070 

15 

51740 

105 

11.1 

62080 

15 

18240 

16 

37014 

90 

39.2 

64055 

16 

30675 

13 

39867 

104 

39.2 

42900 

15 

14200 

14 

2779C 

\7itho 

ut  tenc 

Ler. 

Tests  c 

>n  tangent  track  -  Frozen 

roadbed. 

117+ 

3.7 

28100 

1 

11375 

18 

21296 

119+ 

6.8 

35300 

1 

9065 

12 

2212( 

120+ 

44.4 

30790 

5 

5115 

12 

2325? 

118+ 

71.4 

39475 

1 

10650 

12 

2535( 

Locom 

otire  r 

ro.87 

7  used 

on  a 

11   teste 

i  excep 

t  where 

othervi 

ise  i 

loted. 

+  Locomotive  TTo.   922  used  in  this   test. 
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SUMMARY  OP  RESULTS  OP  TESTS   OP  CIASS  LIS  LOCOMOTIVE  HO.    1404. 


RULINGS  TAKCT  ON  ALTERNATE  TLE3 


BEAnrKflS  TAKEN  ON  CONSECUTIVE  TIES 


98t 

NO. 


Max.    load 


Speed 
M.P.HJ 


Lbs. 


"Tie 
No 


Mln.   load 


Lbs. 


Tie 
No. 


Avg. 
Load 
Lbs. 


Test 
No 


Speed 
M.P.H. 


Max.   load 


Lbs. 


Tie 
No. 


Mln.   load 


Lbs. 


Tie 
No. 


Avg. 

Load 
Lbs. 


7.7 
15.9 
47.1 


41460 
37750 
38390 


13 
16 
_20_ 


19325 
19775 
1017Q 


Teats  made  on  tangent  track 


29996 
29342 
29027 


67 
65 


Class  Lis  locomot'ive  No. 1127  and  99 
cars,  total  weight  7370  tons 
50  |  37. «  I  46050  |  18  I  28975  |  15  |  36238 


Class  Lis  locomotive  a nd  loaded  class 
H-21  car,  total  weight  320  tons. 

I   46.0 i  40650  1  16  |  15640  |  13  |  28652 


Class  Lis  loco,  a'nd  loaded  class  3-21 
car  with  flat  wheel,  total  wt.  320  tons 
49  1   43.2  |  42075  1  18  |  10975  |  9  |  31563 


5.2 
12.3 

44.9 


30050 
27660 
3Q13Q 


7165 
8535 
5075 


12 
20 

JL5_ 


59 


31ass  Lis  locomotive  and  78  cars, 
Total  freight  5851  tons. 


20450 
17885 
17328 


43.5 


34625 


10150 


14 


22551 


7.2 
14.0 

56.3 


36850 
35350 
569Q5 


14825 
13025 
19730 


Tests  made 
8  |  27194 
25800 
32893 


on  2"   curve . 


27 


Class  Lis  loco-active  and  99  cars, 
total  weiga*   7392  tons. 
16.0  I  52720  |  19  I  32750  |  17  |  33626 


Class  Ll9  locuraotive  and  loaded  class 
H-21    car>,    total  weight   320  tons. 
31    I      41.2  i   49580  I   19  i  19125  I     8  I  32027 


Class  Lis  loco,  and  loaded  class  H-21 
car  with  flat  wheel,    total  wt.   320  tons 
32   |      44.4  I   57700  \   19  |  18620  |     0  |  34815 


74 
72 
73 


64 


6.0 

31625 

6 

7080 

16 

17058 

12.0 

34600 

6 

4105 

3 

15865 

42.1 

31375 

19 

8490 

13 

17362 

lass  Lis  locomotive  and  91  cars, 
total  weight  6639  tons. 
45.4     39450     14     11240        3     26212 


Tests  made  on  6°   curve. 


4.7 

16.1 
43.5 


69820 
70005 
66220 


48275 
39670 
27120 


56645 
49506 
40002 


Jlass  Lis  locomotive  and  96  cars, 
total  weight  6917  tons. 


07 


9.2 


77425 


20 


40750 


62719 


95+ 
94+ 
96+ 


100+ 


5.2 

9.1 

42.6 


61365 
60130 
46120 


10240 

10350 

7920 


32800 
30780 
25006 


Class  Lis  locomotive  and  102  cars, 
total  weight  6693  tons.    . 
5.9  |  78745  |  15  |  212001  14  |  39887 


+  Loco. No. 710  used  in  these  tests. 


Tests  on  tanf^nt  track  -  Frozen  roadbed 


22829 
23163 


110 
112 

111 


3.7  37425   1 
8.5  32275   7 

48.8  36325  1 4_ 

Class  Lis  loco.  |  89 

121  |   41.7  |  46900  |  1 


10225 
8975 


J_SQ0ll2  1  22875  _ 
cars,  total  wt.  4615tfna. 
1)725  I  18  I  30440 
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March  10,  1915. 
Mr.  J.  T.  Wallis, 

General  Superintendent  Motive  Power, 

Dear  Sir : 

Referring  to  Mr.  Young's  report  of  test  to  determine  the  load  im- 
posed on  each  tie  in  track,  which  accompanied  your  favor  of  February 
24th,  we  note  that  in  the  test  on  alternate  ties  "the  intermediate  ties 
were  not  tamped  solid,  and  in  this  way  practically  the  entire  load  on  one 
rail  was  supported  on  the  recording  ties." 

From  the  diagrams  it  seems  evident  that  this  condition  (ties  alter- 
nately solid  and  loose)  prevailed  throughout  the  tests  on  consecutive  ties, 
as  high  readings  are  shown  on  alternate  ties  and  low  readings  on  the 
intervening  ties.  This  is  characteristic  of  all  the  diagrams  to  a  marked 
degree,  but  is  especially  clear  on  sheet  No.  9770  showing  result  of  test 
with  loaded  train,  probably  because,  with  the  long  train,  the  inequalities 
due  to  equipment  are  lost  and  those  due  to  track  conditions  brought  out 
prominently. 

If  the  above  conclusion  is  correct  it  would  seem  that  the  average 
of  the  readings  in  the  test  on  consecutive  ties  would  more  nearly  approxi- 
mate the  maximum  load  sustained  by  each  tie  in  normal  track  than  the 
maximum  readings  would. 

In  view  of  the  doubt  thus  raised  as  to  this  one  element  in  this  other- 
wise very  thorough  and  satisfactory  test  do  you  not  think  it  would  be 
well  to  have  as  many  of  the  tests  repeated  as  are  necessary  to  assure 
ourselves  that  the  results  obtained  truly  represent  normal  track  conditions, 
preparing  the  track  by  tamping  the  ties  as  uniformly  as  possible  and 
leaving  it  in  service  at  least  a  month  before  making  the  test? 
Yours  truly. 

(Signed)     W.  G.  Coughlin, 
Engineer  Maintenance  of  Way 


March  18.  1915. 
Mr.  J.  T.  Wallis,   _ 

General   Superintendent  Motive  Power. 

Dear  Sir: 

Noting  your  favor  of  March  15th  relative  to  tests  to  determine  the 
load  imposed  on  each  tie  in  track,  we  would  like  to  have  further  tests, 
as  enumerated  below,  made  to  determine  the  amount  of  the  influence  of 
irregular  tamping  on  the  results  of  previous  tests. 

In  making  these  supplementary  tests  the  track  should  be  prepared 
by  lowering  twenty  consecutive  ties,  tamping  them  as  uniformly  as  pos- 
sible. The  track  should  be  kept  in  service  and  the  ties  tamped  every 
day  for  at  least  ten  days  before  the  test  is  made. 

The  supplementary  tests  we  desire  are  as  follows ;  all  to  be  made 
with  an  E6s  locomotive: 

2  tests  at  6  to  8  m.  p.  h.  on  tangent. 

6  tests  at  70  m.  p.  h.  on  tangent. 

2  tests  at  6  to  8  m.  p.  h.  on  low  side  6-degree  curve. 

6  tests  at  40  m.  p.  h.  on  high  side  6-degree  curve. 
Yours  truly, 

(Signed)     W.  G.  Coughlin, 
Engineer  Maintenance  of  Way, 
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May  14,  1915. 

Members  Committee  on  Screw-Spike  Test, 

Gentlemen : 

Enclosed  please  find  copy  of  report  from  Mr.  J.  T.  Wallis  dated 
May  6,  1915,  on  supplementary  tests  to  determine  the  load  sustained  by 
tie-plates  in  track. 

We  have  added  to  the  diagrams  full  black  lines  indicating  the 
average  load  imposed  on  each  tie  in  the  several  tests  and  a  dotted  black 
line   showing  the  average  load  on   all  the  ties. 

As  all  the  tests  were  made  with  the  same  locomotive  and  the  speeds 
were  very  uniform,  it  would  seem  entirely  proper  to  average  the  runs. 

This  test  shows  very  much  better  results  than  the  previous  one,  the 
loads  on  the  several  ties  being  within  a  much  narrower  range  except  at 
two  points  in  the  high  speed  test,  viz.,  ties  Nos.  4  and  16.  As  these  ties 
are  about  20  ft.  apart  the  excess  load  is  doubtless  due  to  lack  of  balance 
in  the  reciprocating  parts  of  the  locomotive. 

As  none  of  the  tie-plates  (except  at  the  points  mentioned)  carried 
more  than  26,000  lbs.  (averaging  the  six  runs),  the  locomotive  having  the 
heaviest  wheel  load  in  present  use  and  running  at  the  highest  permissible 
speed,  it  would  seem  extravagant  to  use  a  higher  factor  than  this  in 
designing  a  tie-plate  for  use  in  tangent  track. 

It  will  be  necessary  for  us  to  have  the  results  of  the  tests  on 
curved  track  (which  you  will  note  Mr.  Wallis  states  will  be  made  as 
soon  as  track  is  in  proper  shape)  before  we  can  proceed  to  the  determi- 
nation of  the  proper  area  for  our  proposed  tie-plates. 

Referring  to  the  tests  of  crushing  strength  of  new  and  old  cross- 
ties  decided  upon  at  our  last  meeting,  would  advise  that  we  have  arranged 
for  such  tests  so  far  as  the  old  ties  are  concerned,  but  in  the  case  of  the 
new  ties  we  have  concluded  that  the  results  of  the  United  States  Govern- 
ment tests  of  a  very  large  number  of  samples  would  be  more  reliable 
than  any  we  could  get  from  the  comparatively  small  number  of  tests  we 
would  be  able  to  make.  We  enclose  for  your  information  statement  of 
Government  tests  referred  to. 

Yours  truly, 

(Signed)     W.  G.  Couchltn. 
Chairman,   Committee   on    Screw-Spike   Test. 

Altoona,  Pa.,  May  6,  1915. 
Mr.  W.  G.  Coughlin, 

Engineer  Maintenance  of  Way, 
Dear  Sir: 

Referring  to  your  letters  of  March  10th  and  18th,  in  reference  t" 
Mr.  C.  D.  Young's  report  No.  15-12,  dated  February  24,  1915,  on  load 
sustained  by  tie-plates : 

In  accordance  with  your  request  \vc  have  made  the  supplementary 
tests  on  tangent  track,  the  track  having  been  inspected  by  the  Screw  - 
Spike  Committee  and  by  Mr.  J.  C.  Crawford,  Assistant  Engineer,  and 
found  to  be  in  satisfactory  condition  for  these  trials.  The  tests  on  the 
6-degree  curve  track  which  you  requested  made  in  your  letter  of  March 
18th  will  be  carried  out  as  soon  as  the  track,  which  is  being  raised  about 
18  inches,  is  in  proper  condition  for  the  trials. 

These  supplementary  tests  were  made  to  ascertain  if,  in  the  previous 
tests  made  on  consecutive  tics,  the  high  readings  shown  on  alternate  ties 
and  low  readings  on  the  intervening  ties  were  not  due  to  track  conditions 
which  indicated  that  the  tics  were  alternately  solid  and  loose,  and  if  this 
condition  existed  whether  the  average  readings  thus  obtained  would  not 
more   nearly    approximate   the    maximum    load    sustained    hv    each    tie    in 
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normal  track  than  the  maximum  readings  obtained  with  the  track  in  the 
condition  above  indicated. 

The  tests  were  made  on  the  tangent  track  with  locomotive  272,  Class 
"E6s",  which  is  the  same  locomotive  as  was  used  in  the  previous  tests. 

The  results  of  the  low  speed  tests  are  shown  on  sheet  No.  10007,  and 
for  the  high  speed  tests  on  sheet  No.  10008.  These  sheets  are  comparable 
with  the  results  shown  on  sheet  No.  9769  in  the  original  report,  and  you 
will  note  that  they  show  the  same  irregularity  in  the  load  which  is  sus- 
tained by  individual  ties  as  was  shown  in  the  previous  tests,  although 
not  to  such  a  marked  degree.  So  far  as  the  results  on  tangent  track  are 
concerned  we  feel  that  these  supplementary  tests  have  practically  dupli- 
cated the  former  tests  in  the  character  of  the  readings  observed  on  the 
consecutive  ties  and  in  the  maximum  and  average  load  figures.  The  fol- 
lowing table  shows  the  maximum,  minimum  and  average  loads  obtained 
in  the  low  and  high  speed  tests  made  in  November,  1914,  and  given  in 
report  No.  15-12  and  the  supplementary  tests  made  in  April,  1915: 

Maximum  Minimum  Average 

Load,  Lbs.  Load,  Lbs.        Load,  Lbs. 

Tests  Made  Nov.,    April,  Nov.,    April,  Nov.,    April, 

1914.      1915.  1914.      1915.     1914.     1915. 

Speed   5  to   6  M.   P.    H 32,375    25,695  8,490    10,125  18,149    18,200 

Speed  65  to  70  M.  P.  H 37,900    35,075  8,965     13,825  19,104    22,900 

From  this  table  you  will  note  that  the  low  speed  tests  made  in  April, 
1915,  give  a  higher  minimum  and  a  lower  maximum  load  than  in  the 
tests  made  in  November,  1914.  The  average  figures  are  approximately 
the  same  for  the  two  series  of  tests.  At  the  high  speeds  the  tests  made 
in  April,  1915,  show  a  higher  minimum  and  average  load  and  a  lower 
maximum  load  than  in  the  tests  previously  made. 

The  results  of  these  supplementary  tests  do  not  indicate  that  the  aver- 
age loads  found  in  the  previous  tests  (in  which  there  were  indications 
that  the  ties  were  alternately  solid  and  loose)  approximate  the  maximum 
load  sustained  by  each  tie  under  the  track  conditions  obtaining  in  these 
supplementary  tests. 

Although  the  maximum  load  obtained  at  high  speeds  was  about  8  per 
cent,  less  than  the  probable  compromised  figure  of  38.000  lbs.,  mentioned 
in  paragraph  34  of  report  No.  15-12,  for  tie-plate  loads  on  tangent  track, 
we  feel  that  in  general  these  supplementary  tests  confirm  the  conclusions 
drawn  from  the  previous  tests. 

Yours  truly, 

(Signed)     J.  T.  Wall  is, 
General  Superintendent  Motive  Power. 
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CRUSHING  STRENGTH  OF  CROSS-TIES. 

Fiber  Stress  at  Elastic  Limit. 

White  Oak 850   pounds  per  square  inch 

Walnut 500 

Black  Locust  1,400 

Cherry  450 

Chestnut  400 

Sassafrass   500        " 

Mulberry  400 

Red  Oak   775 

Honey  Locust 1,500 

Hickory  1,000 

Beech   600 

Hard  Maple   700        "  ' 

Hackberry   500 

Sycamore  425        " 

Red  Gum  450        "  

Ash  400 

Soft  Maple 500 

Black  Gum  500 

Butternut   275 

Birch   450 

Elm    450 

Longleaf  Pine 500 

Cypress  500        " 

Shortleaf  Pine  400 

Tune  2.  1915. 
Mr.  W.  G.  Coughlin, 

Engineer  Maintenance  of  Way, 

Dear  Sir: 

Eurther  in  connection  with  your  letter  of  March  18th,  and  our 
letter  of  May  6th,  relative  to  supplementary  tests  to  determine  load  im- 
posed on  each  tie  in  track : 

We  have  carried  out  the  tests  on  the  high  and  low  side  of  the  6- 
degree  curve  with  locomotive  No.  272,  class  E6s,  which  is  the  same 
locomotive  as  was  used  in  the  previous  tests  on  the  low  side  of  this 
cure. 

The  track  on  which  records  were  obtained  had  been  placed  in  con- 
dition for  installing  the  apparatus  for  a  period  of  three  weeks  previous 
to  the  tests,  and  we  were  advised  by  Mr.  J.  C.  Crawford,  Assistant  En- 
gineer, that  the  track  was  in  satisfactory  condition  before  the  tests  were 
made. 

The  results  of  the  tests  on  the  low  side  of  the  curve  arc  shown  on 
sheet  No.  10053.  The  results  on  this  sheet  are  comparable  with  the  results 
of  the  low  speed  tests  given  on  sheet  No.  9777. 

The  results  of  the  tests  made  on  the  high  rail  of  the  curve  are 
shown  on  sheet  No.  10054.  The  speed  at  which  the  tests  were  made 
varied  between  25  and  45  miles  per  hour,  but  from  the  loads  found  at 
the  various  speeds  a  curve  has  been  plotted  which  IS  shown  on  sheet  No. 
10055.  from  which  it  is  possible  to  obtain  with  reasonable  accuracy  the 
probable  average  and  maximum  load  for  a  speed  of  40  miles  per  hour, 
which  was  the  nominal  speed  of  the  tests. 

The  following  tabic  shows  the  maximum,  minimum  and  average  loads 
obtained  in  the  tests  made  on  this  curve  in  November,  1^14,  and  given 
in  report  No    15-12.  and  the  supplementary  testl  made  iu  M.iv.   1^15      F    ■ 
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comparison  we  have  shown  the  results  found  on  the  tangent  track  given 
in  report  No.  15-12,  as  well  as  the  supplementary  tests  made  in  April,  1915, 
which  were  given  in  my  letter  of  May  6,  1915. 

TESTS    MADE   ON   LOW   RAIL  OF  6-DEGREE  CURVE. 

Maximum  Minimum  Average 

Load,  Lbs.        Load,  Lbs.        Load,  Lbs. 

Tests  Made  Nov.,     May,    Nov.,     Max,    Nov.,     May, 

1914.   1915.  1914.   1915.   1914.  1915. 

Speed  4  to  5  M.  P.  H 57,520  44,875  14,225  13,060  29,861  32.050 

TESTS   MADE  ON    HIGH    RAIL  OF  6-DEGREE  CURVE. 

Speed  40  M.  P.  H 29,000     *4275     .  ...N     18,000 

♦Obtained  in  tests  made  at  34.1  M.  P.  H. 

TKSTS    MADE   ON    TANGENT   TRACK. 

Tests   Made                                  Nov.,  April,  Nov.,  April,    Nov.,  April, 

1914.  1915.  1914.  1915.      1914.  1915. 

Speed   5  to   6  M.  P.  H 32,375  25,695  8,490  10,125     18,149  18,200 

Speed  65  to  70  M.  P.  H 37,900  35,075  8,965  13,825     19,104  22,900 

From  this  table  you  will  note  that  on  the  low  side  of  the  curve  the 
supplementary  tests  made  in  May,  1915,  show  a  lower  maximum  and  a 
higher  average  load  than  was  found  in  the  previous  tests. 

Referring  to  the  results  of  the  supplementary  tests  made  in  April 
and  May,  1915,  it  will  be  observed  that  the  maximum  load  on  the  low  rail 
of  the  6-degree  curve  is  27  per  cent,  greater  than  that  shown  for  the 
high  speed  on  tangent  track. 

Based  on  the  tests  made  in  November,  1914,  the  maximum  load  for 
the  6-degree  curve  is  52  per  cent,  greater  than  was  found  for  the  tangent 
track. 

This  variation  in  maximum  load  for  the  6-degree  curve  of  from  27 
to  52  per  cent,  over  that  found  for  tangent  track  is  probably  due  to  the 
improved  track  condition  6*n  the  6-degree  curve  at  the  time  the  last  series 
of  tests  was  made.  These  percentages  applied  to  the  suggested  figure 
for  the  plate  load  on  tangent  track  of  38,000  lbs.,  given  in  the  report  of 
the  Engineer  of  Tests,  dated  February  24,  1915,  and  which  was  not  ma- 
terially changed  by  the  results  of  the  supplementary  tests  sent  you  under 
date  of  May  6,  1915,  give  a  probable  range  for  the  maximum  load  on  the 
curve  from  48,000  lbs.  to  58,000  lbs.,  depending  on  the  track  condition 
obtaining. 

Summarized,  the  first  and  second  series  of  tests  indicate  that  if  the 
tie-plates  are  to  be  designed  for  the  maximum  load  for  tangent  track, 
that  it  should  be  based  upon  a  load  between  35,000  and  38,000  lbs. ;  and 
where  the  plates  are  to  be  used  on  curves,  where  the  conditions  are  com- 
parable with  this  6-degree  curve,  that  there  should  be  an  increase  in  the 
area  over  that  for  the  tangent  track  of  from  27  to  52  per  cent.,  the  former 
figure  having  been  obtained  by  these  supplementary  tests  and  the  latter 
by  the  previous  tests.  The  52  per  cent,  increase  figure  seems  to  be  sup- 
ported by  a  comparison  between  the  average  figures  obtained  on  curve 
and  tangent  track  in  the  November  and  May  series  of  tests,  and  therefore 
it  would  seem  to  be  the  preferable  one  to  use  when  designing  tie-plates 
for  the  sharp  curve  conditions. 

Yours  trulv,  . 

(Signed)     J.  T.  Wallis, 
General   Superintendent   Motive  Power 
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DISTRIBUTION  OF  LOAD  OVER  TIES. 

TEST   DEPARTMENT. 

Altoona,  Pa.,  April  16,  1915. 
Mr.  J.  T.  Wallis, 

General  Superintendent  Motive  Power. 

As  requested  by  Mr.  W.  G.  Coughlin,  Engineer  Maintenance  of  Way, 
in  his  letters  to  you  of  October  10,  1914,  and  February  17,  1915,  tests 
have  been  made  to  determine  the  distribution  of  load  over  ties  effected  by 
100-lb.  rail. 

METHOD    OF    CONDUCTING    TESTS. 

2.  The  tests  were  made  on  stone  ballast  roadbed  about  400  feet  west 
of  Hollidaysburg  Station  on  the  Petersburg  Branch. 

3.  The  recording  apparatus  used  is  described  in  our  report  No. 
15-12.  Records  were  taken  under  both  rails  for  10  consecutive  ties  spaced 
JO  inches  from  center  to  center. 

4.  The  track  on  which  the  tests  were  made  was  prepared  two  weeks 
previous  to  the  tests  and  was  used  in  service  and  kept  in  excellent  con- 
dition during  this  time. 

5.  The  load  was  applied  to  the  rails  by  means  of  two  twenty-ton 
hydraulic  jacks  which  rested  on  a  suitable  base  rounded  to  the  same 
contour  as  an  80-inch  wheel.  The  method  of  transmitting  the  load 
on  the  jacks  to  the  rail  is  shown  on  sheet  No.  9924. 

6.  The  load  placed  on  the  rail  was  determined  by  means  of  a  steel 
plate  containing  four  1-inch  steel  balls  on  which  rested  an  impression 
plate,  these  being  placed  between  the  jacks  and  the  beam  shown  on  sheet 
No.  9924. 

7.  The  distribution  of  load  over  ties  was  determined  for  three  kinds 
of  rails,  i.  e.,  P.  R.  R.  section  100-lb.  rail  well  worn,  P.  S.  section  100-lb. 
new  rail,  and  P.  R.  R.  section  125-lb.  new  rail.  A  sectional  view  of  the 
worn  rail  is  shown  on  sheet  No.  9886. 

8.  The  loads  were  applied  at  two  points  on  each  of  the  rails  as  fol- 
lows:   Directly  over  tie  No.  5,  and  between  ties  Nos.  5  and  6. 

RESULTS. 

9.  On  sheets  Nos.  9887  to  9890,  inclusive,  is  shown  graphically  the 
load  supported  on  each  tie  when  the  load  was  applied  to  the  rail,  for 
the  worn  and  new  100-lb.  rails.  It  will  be  observed  on  these  sheets  that 
the  outline  of  curves  obtained  when  the  load  was  applied  over  a  tie, 
correspond  with  those  obtained  when  the  load  was  applied  between  two 
of  the  ties,  and  further  that  the  load  diminishes  as  the  distance  from  the 
point  where  the  load  was  applied  increases. 

10.  On  sheets  Nos.  9891  and  9892  is  shown  the  results  obtained  with 
new  125-lb.  rail.  A  comparison  of  these  two  sheets  shows  that  the  dis- 
tribution of  load  over  the  ties  remains  practically  the  same  whether  the 
load  is  placed  over  a  tie  or  between  two  ties,  and  also  that  the  loads 
recorded  on  the  recording  ties  farthest  from  the  point  at  which  the  load 
was  applied  were  greater  than  those  obtained  at  a  similar  point  with 
100-lb.  rail. 

11.  A  study  of  sheets  Nos.  9887  to  9892,  inclusive,  shows  that  the 
load  supported  on  each  tie  changed  to  some  extent  with  each  succeeding 
test.  We  believe  this  was  due  to  the  shifting  of  the  ballast  under  the 
ties  because  it  was  found  necessary  to  tamp  the  ties  most  directly  affected 
by  the  load  several  times,  and  once  it  was  necessary  to  tamp  tie  No  10 
to  bring  the  ties  to  the  proper  alinement. 
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12.  On  sheet  No.  9926,  p.  215,  is  shown  the  relation  between  the 
concentrated  load  applied  to  the  rail  and  the  sum  of  the  loads  found  on 
all  the  recording  devices  for  the  corresponding  test. 

CONCLUSIONS. 

13.  The  following  table  shows  the  loads  applied  to  the  rail,  and  the 
maximum  load  recorded  on  one  tie,  and  the  ratio  of  the  maximum  load 
to  the  load  on  the  rail : 


Load  Applied  Over  a  Tie. 

Max.  Load  on  Tie. 

Load  on  Per  cent. 

rail  of  load 

Pounds.     Pounds.      on  rail. 


Load  Applied  Between  Ties. 

Max.  Load  on  Tie. 
Load  on  Percent, 

rail  of  load 

Pounds.        Pounds.      on  rail. 


WORN   RAIL   100  LBS.  PER  YARD. 


35,345 
39,240 
56,730 


45,480 
58,395 
67,625 


28,240 
46,915 
75,575 


15,475 
16,745 
25,870 


22,400 
21,515 
28,820 


15,875 
13,995 
19,910 


44 
43 
45 


36,735 
49,920 

73,575 


NEW   RAIL    100   LBS.   PER   YARD. 


49 

37 
43 


54,465 
54,820 
55,585 


NEW    RAIL    125    LBS.     PER    YARD. 


56 

30 
26 


29,840 
45,590 
68,295 


18,745 
17,950 
30,085 


25,875 
19,400 
21,085 


16,245 
17,750 
17,325 


51 
36 
41 


48 
35 
38 


54 
39 
25 


14.  An  analysis  of  the  results  in  the  above  table  indicates  the  fol- 
lowing: 

(a) — The  results  obtained  with  the  worn  and  the  new  100-lb.  rail 
indicate  that  the  wearing  away  of  the  rail  does  not  materially 
affect  the  distribution  of  load  over  the  ties. 

(b) — The  ratio  of  maximum  load  on  a  tie  to  the  load  on  the  rail 
is  not  materially  changed  by  transferring  the  load  from  directly 
over  the  tie  to  midway  between  two  ties. 

(c) — The  maximum  load  on  a  tie  is  about  45  per  cent,  of  the  load 
on  the  rail  when  100-lb.  rail  is  used. 

(d) — With  125-lb.  rail  the  ratio  of  the  maximum  load  on  a  tie  to  the 
load  on  the  rail  decreases  as  the  load  on  the  rail  increases. 
Briefly  stated,  the  maximum  load  on  a  tie  with  125-lb.  rail 
was  found  to  be  about  35  per  cent,  of  the  load  on  the  rail  when 
this  load  is  50,000  lbs.  and  25  per  cent,  of  the  rail  load  when 
75,000  lbs.  is  applied.  The  loads  given  above  are  within  the 
axle  loads  on  the  locomotives  used  on  our  lines. 

15.  Since  observing  the  performance  of  the  ties  under  this  test,  we 
hardly  feel  that  this  is  a  proper  method  of  making  an  investigation  of 
this  kind,  as  the  question  of  the  roadbed  yielding  under  the  heavy  con- 
centrated load  was  apparent.  Such  yielding,  therefore,  would  tend  to 
cause  erratic  pressure  to  be  shown  on  the  different  ties  which,  if  the  ties 
had  been  placed  on  a  fixed  foundation,  results  might  have  been  otherwise. 
This  is  particularly  exemplified  in  the  wide  variation  between  the  total 
load  found  on  the  ties  as  compared  with  the  concentrated  load  which  was 
applied  to  them,  as  in  some  tests  the  increase  in  total  load  on  all  of 
the  tics  was  1.6  times  the  concentrated  load,  whereas  in  one  test  it 
amounted  to  as  much  as  4.1  times  the  concentrated  load,  although  in  this 
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latter  case  the  concentrated  load  is  relatively  low.  This  higher  total  and 
variation  is  probably  due  to  the  yielding  of  the  track  structure  and 
resulted  in  lever  action  which  occurred  between  the  tics. 

16.  Another  objection  to  the  test  is  that  the  load  was  applied  by 
jacks  and  not  by  a  moving  concentrated  load.  This  in  turn  might  have 
a  slight  effect  upon  the  results. 

17.  We  believe,  therefore,  that  this  test  only  expresses  indications 
and  that  no  definite  conclusions  can  be  drawn  from  the  results. 

18.  Probably  a  better  way  to  obtain  the  distribution  of  concentrated 
load  when  the  rail  is  considered  as  a  beam  would  be  to  lay  ties  of  uniform 
thickness  on  a  permanent  foundation  such  as  one  of  the  tracks  in  our 
Erecting  Shops,  and  then  lower  a  load  upon  the  rail.  This  test,  how- 
ever, has  the  objection  that  when  the  rail  is  so  placed  it  does  not  have 
the  continuous  beam  effect  which  is  found  in  the  track  and,  therefore, 
there  may  be  a  tendency  of  concentration  of  load  upon  the  ties  directly 
beneath  the  load  which  probably  does  not  occur  with  the  track  in  service. 

19.  It  would  appear,  if  the  indications  are  all  that  Mr.  Coughlin 
desires  as  to  the  question  of  load  distribution,  these  tests  give  him  suffi- 
cient data  for  this  purpose. 

(Signed)     C.  D.  Young, 

Engineer  of  Tests. 
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Test 
No. 


Concentrated  Load 
on  Rail.  Lb. 


Loud  Reoorded 
on  Ties.  Lb. 


Ratio  of 

Total  Load  o; 
Ties  to  Conoen 
tratad  Load. 


201 
202 
205 


204 
205 
206 


207 
208 
209 


210 
211 
212 


213 

214 

_2J5_ 


216 
217 
216 


a  ■    « 

O    >     "H 


4*  -8 

« 

m  in 


q    Jr 


4    <B 
O   •* 

►4  fn 


39240 
35345 
56730 


73575 
36735 

49920 


55585 
54820 
54465 


58395 
67625 
45480 


75575 
46915 
28240 


29840 
45590 
6829B 


86590 
92100 
96510 


115915 

93480 

100215 


97355 
110785 
115095 


105585 
125890 
117040 


143965 
108235 
116920 


105415 
131330 
117665 


2.2 
2.6 
1.7 


1.6 
2.5 

2.0 


1.7 
2.0 
2.1 


1.8 
1.8 
2.6 


1.9 
2.3 
_4il_ 


3.5 
2.9 


Chang*  made  in  the  above  table  on  April  29,   1915,  as  fo71owe.- 

Test9    201   to  206    inclusive  made  on  worn  rail   instead  of  on  new  rail 
as  speoified  on  the  original    issue  of   this   sheet  and  tests   207  to 
212   inclusive  made  on  new  rail    instead  of  on  worn  rail  as   specified 
on  the  original   issue  of   this  sheet. 
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DISTRIBUTION  OF  LOAD  OVER  TIES. 

TEST   DEPARTMENT. 

Altoona,  Pa.,  November  5,  1915. 
Mr.  J.  T.  Wallis, 

General  Superintendent  Motive  Power. 

As  requested  bv  Mr.  W.  G.  Coughlin,  Engineer  Maintenance  of  Way, 
in  his  letters  to  you  of  May  18,  1915,  May  28,  1915,  and  June  4,  1915, 
tests  were  made  to  determine  the  distribution  of  load  over  ties,  with 
various  spacings  and  with  60,  70,  85,  100  and  125-lb.  rails,  when  the  loads 
on  the  rail  were  equal  to  the  wheel  loads  and  were  distributed  the  same 
as  that  of  a  class  "E6s"  locomotive. 

METHOD    OF    CONDUCTING    TESTS. 

2.  The  tests  were  conducted  l/i  mile  west  of  New  Portage  Jet. 
passenger  station  on  the  Hollidaysburg  Branch,  on  the  track  used  for 
local  traffic  between  that  station  and  Duncansville. 

3.  Stretches  of  tracks  were  prepared  of  sufficient  length  so  that  the 
load  on  each  tie  and  under  each  rail  could  be  recorded  for  a  distance 
equal  to  the  length  of  the  wheel  base  of  a  class  "E6s"  locomotive  and  for 
five  ties  beyond  the  foremost  wheel  of  the  engine  truck  and  five  ties  be- 
hind the  trailer  wheels. 

4.  The  weights  of  rails  and  the  various  tie  spacings  used  in  the  tests 
are  as  follows : 


Nominal  Wt. 

of  rail 

Length  of 

Ties  per 

Lbs.  per  Yd. 

rail,  ft. 

rail  length. 

60 

30 

16 

70 

30 

14-16 

85 

33 

14-16-18 

100 

33 

12-14-16-18 

125 

33 

10-12-14-16 

5.  All  the  rails  used  in  these  tests  had  been  worn  to  some  extent  in 
service,  except  the  125-lb.  rails  which  were  new.  Worn  rails  of  this 
latter  type  were  not  available  for  these  tests.  It  is  felt  that  the  difference 
in  the  results  that  would  be  obtained  with  partially  worn  and  with  new 
rails  would  not  be  great  enough  materially  to  affect  a  comparison  of  the 
results  obtained  with  the  different  weights  of  rails.     v 

6.  The  actual  weights  of  the  rails  used  is  shown  in  the  following 
table;  these  weights  were  obtained  from  pieces  cut  from  rails,  selected  at 
random,  which  had  been  used  in  making  the  tests : 

Wt.    per   yard,     Pounds, 


Nominal. 

Actual 

60 

58.7 

70 

68.2 

85 

81.9 

100 

97.5 

125 

124.5 

7.  In  preparing  the  track,  the  ties  were  evenly  distributed  over  the 
length  of  the  rail,  except  the  joint  ties  which  were  spaced  twenty  inches 
center  to  center.  The  rails  were  laid  so  that  the  splice  on  one  side  came 
midway  between  the  splices  on  the  opposite  rail. 

8.  The  ballast  in  the  roadbed  consisted  of  six  inches  of  clean  cinder 
below  the  bottom  of  tin-  ties  and  six  inches  of  mixed  furnace  slag  and 
cinder  below  the  clean  cinder,  the  whole  resting  on  a  clay  foundation. 
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9.  The  stretches  of  track  were  prepared  two  months  previous  to  the 
start  of  the  tests  and  during  this  time  the  roadbed  received  the  attention 
that  is  usually  given  track  of  this  character.  From  the  time  the  stretches 
of  track  were  prepared  until  the  tests  were  made,  frequent  heavy  rains 
were  experienced,  and  we  believe  this  aided  in  securing  a  firm  foundation 
for  the  ties. 

10.  The  devices  used  to  record  the  load  on  the  ties  were  the  same 
as  were  used  in  previous  tests,  and  are  described  in  our  report  No.  15-12, 
dated  February  24,  1915,  except  the  devices  on  the  three  ties  at  each  end 
of  the  test  track,  which  differed  from  the  devices  placed  on  the  other 
ties  in  that  the  load  would  be  obtained  from  an  impression  made  by  one 
1-inch  ball  instead  of  three  1-inch  balls.  This  was  done  in  order  that  a 
more  accurate  record  of  the  light  loads  on  the  end  ties  would  be  obtained. 

11.  Locomotive  No.  272,  class  "E6s",  not  under  steam,  was  used  to 
obtain  the  desired  loading  on  the  track.  The  boiler  contained  two  gages 
of  water  and  a  medium  bed  of  coal  in  the  firebox,  representing  the  condi- 
tion of  the  locomotive  in  working  order. 

12.  The  locomotive  was  moved  on  to  the  track  under  test  and  placed 
so  that  the  driving  wheel  came  between  the  splices  on  adjacent  rails.  The 
locomotive  was  then  raised  by  means  of  jacks  so  as  to  remove  the  weight 
from  the  rail.  The  impression  plates  were  inserted  in  the  recording 
devices  and  the  locomotive  was  slowly  lowered  so  that  the  full  weight  on 
all  wheels  was  applied  to  the  track  simultaneously.  The  locomotive  was 
allowed  to  remain  in  this  position  for  a  period  of  about  two  minutes  and 
was  then  raised  until  the  load  was  again  removed  from  the  rail. 

13.  In  addition  to  the  tests  on  cinder  ballast  track,  a  series  of  labo- 
ratory tests  were  made  to  determine  the  elastic  limit  and  ultimate  strength 
of  the  rails  which  had  been  used  in  the  road  tests.  For  these  laboratory 
tests,  pieces  were  cut  from  one  of  the  rails  of  each  weight  and  tested 
on  supports  spaced  distances  equal  to  the  spacing  of  the  ties. 

14.  Each  piece  of  rail  tested  was  placed  transversely  on  the  bed  plate 
of  the  testing  machine  and  supported  by  two  supports  having  surfaces 
curved  to  a  radius  of  5  inches.  The  load  was  transmitted  to  the  rail 
through  a  curved  block  located  midway  between  the  two  supports.  The 
loads  were  applied  in  increments  and  readings  of  the  deflection  and  per- 
manent set  taken  for  each  load  until  the  permanent  set  was  one  inch ; 
from  this  point  the  load  was  steadily  applied  until  the  rail  was  broken. 

RESULTS   OF  ROAD  TESTS. 

15.  The  load  imposed  on  each  tie  when  the  weight  of  the  locomotive 
was  placed  upon  the  rails,  is  shown  graphically  on  the  following  sheets: 

10 


Nominal  IV t. 

of  rail, 

Tics 

per  rail. 

Lbs.  per  xard 

18 

16 

14 

12 

60 

Sheet  No. 

10434 

70 

"    " 

10435 

10436 

85 

ii    <. 

10437 

10438 

10439 

100 

"    " 

10440 

10441 

10442 

10443 

125 

n    <> 

10444 

10445 

10446 

10447 

16.  From  the  curves  drawn  for  the  67  and  70-Ib.  rails  it  will  be  ob- 
served that  generally  the  load  obtained  on  the  ties 'between  the  wheels 
was  less  than  that  obtained  directly  beneath  the  wheels.  Tin's  is  also 
true,  but  to  a  lesser  extent,  on  the  tests  with  85-11).  rail.  18  ties  per  rail; 
100-lb.  rail,  12  and  18  ties  per  rail;  atid  125-lb  rail,  12  and  16  tics  per  rail. 
On  the  other  tests  with  85,  100  and  125-11).  rails  the  load  placed  Ofl  the 
rail  by  the  engine  truck  and  the  driving  wheels  was  more  evenly  dis 
tributed    over    the    ties       The    portions    of    the    curves    representing    the 
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load  on  the  ties  back  of  the  rear  driving   wheels  show  the  same  char- 
acteristics on  all  tests. 

17.  In  some  tests  a  greater  load  is  shown  on  a  tie  located  between 
the  engine  truck  wheels  or  driving  wheels  than  on  a  tie  directly  beneath 
these  wheels,  examples  of  this  kind  being  shown  on  sheet  No.  10447, 
results  of  tests  with  125-lb.  rail,  10  ties  per  rail. 

18.  The  maximnm  load  on  a  tie  due  to  the  weight  on  the  trailer 
truck  was  usually  recorded  on  the  tie  in  front  of  the  point  at  which  the 
load  was  applied. 

19.  On  sheets  Nos.  10448  and  10449  the  rail  is  considered  as  one  con- 
tinuous beam,  and  average  curves  of  the  distribution  of  load  over  the 
ties  for  the  different  weights  of  rails  and  the  tie  spacing  are  shown.  The 
curves  on  these  sheets  have  been  obtained  from  averages  computed  from 
the  results  of  the  load  on  each  tie,  for  all  of  the  tests  made  under  the 
same  conditions.  The  load  supported  on  each  tie  under  the  rail  on  one 
side  of  the  track  is  considered  as  being  one-half  of  the  total  load  on 
the  tie. 

RESULTS  OF  LABORATORY  TESTS. 

20.  The  deflection  and  permanent  set  of  the  different  weights  of  rails 
when  placed  on  supports  with  various  spacings,  is  shown  on  sheets  Nos. 
10460  to  10465,  inclusive. 

21.  The  elastic  limits  were  determined  from  curves  of  the  deflection 
of  the  rails  at  various  loads  which  have  been  plotted  to  a  magnified  scale 
and  are  shown  on  sheets  Nos.  10466  to  10468,  inclusive.  The  elastic  limit 
for  each  weight  of  rail  and  spacing  between  supports  has  been  taken  as 
being  the  point  on  the  curve  where  marked  deflection  from  the  initial 
slope  of  the  curve  first  takes  place. 

conclusions. 

22.  The  following  table  shows  the  maximum  load  obtained  on  a  tie 
under  the  locomotive  for  each  plan  of  track  construction  used  in  making 
the  road  tests.  These  figures  are  averages  computed  from  the  sum  of  the 
loads  on  each  tied  for  all  of  the  tests  of  a  like  condition : 


Nominal  IV  t. 

of  rail 

No.  ties  per 

Max.  load, 

lbs.  per  yard. 

rail  length. 

on  ties,  lbs. 

60 

16 

28,620 

70 

14 

29,750 

" 

16 

28,990 

85 

14 

25,020 

«< 

16 

24,260 

41 

18 

26,620 

100 

12 

33,220 

" 

14 

27,060 

" 

16 

22,720 

" 

18 

23,400 

125 

10 

35,720 

'• 

12 

30,920 

u 

14 

26,700 

u 

16 

24,680 

23.  No  direct  comparison  can  be  made  of  this  table  or  of  the  average 
curves  shown  on  sheets  Nos.  10448  and  10449,  owing  to  the  change  in  the 
location  at  which  the  readings  were  taken  in  respect  to  a  given  point  of 
the  locomotive.  However,  it  can  be  seen  from  these  average  curves  and 
the  above  figures  that  when  a  decrease  is  made  in  the  number  of  ties  in 
a  given  space  the  load  supported  on  each  tie  is  increased  and,  further, 
that   the  weight   of   rail   u^ed  has  also  an  influence  on  the  distribution  of 
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the  load  over  the  ties.  This  is  also  shown  o  nsheet  No.  10451,  p.  221, 
which  gives  the  per  cent,  of  the  total  number  of  readings  which  showed 
loads  less  than  or  over  a  given  amount  for  each  condition  of  track  con- 
struction. 

24.  In  addition  to  the  increase  in  the  load  supported  on  each  tie 
due  to  a  decrease  in  the  number  of  ties  in  the  track;  the  ratio  between  the 
weight  of  the  locomotive  and  the  total  load  recorded  on  the  track  shown 
on  sheet  No.  10450,  p.  220,  indicates  that  when  this  decrease  in  the  num- 
ber of  ties  is  made,  a  further  increase  of  the  load  to  be  supported  on 
each  tie  can  be  expected  because  of  the  yielding  of  the  track  structure 
which  causes  the  rail  to  create  a  lever  action  over  the  ties. 

25.  In  those  cases  where  the  total  load  on  the  track  was  less  than 
the  weight  of  the  locomotive,  it  is  assumed  that  a  portion  of  the  loco- 
motive weight  was  supported  on  the  ties  beyond  the  points  at  which 
readings  were  taken. 

26.  The  loads  determined  as  being  the  elastic  limits  have  been  plotted 
on  sheet  No.  10469  and  curves  drawn  for  each  weight  of  rail  showing  the 
elastic  limits  when  the  rail  supports  are  at  various  distances  from  each 
other.  In  a  similar  manner  curves  have  been  obtained  for  the  ultimate 
strength  of  each  weight  of  rail  and  are  shown  on  sheet  No.  10470.  These 
curves  show  that  as  the  distances  between  the  ties  is  decreased  there 
will  be  an  increase  in  the  amount  of  load  that  the  rail  will  be  able  to 
support  before  it  is  loaded  beyond  its  strength.  This  is  not  caused  by 
any  increase  in  the  strength  of  the  rail  itself,  but  is  due  to  a  decrease 
in  the  bending  moment  which  occurs  when  the  ties  are  spaced  nearer  to 
each  other. 

27.  A  comparison  of  the  elastic  limits  and  ultimate  strengths  of 
different  weights  of  rails  with  various  spacings  between  supports  is  made 
on  sheet  No.  10471,  p.  230.  The  results  obtained  with  tests  of  100-lb.  rail 
and  supports  spaced  22.25  in.  is  based  at  100  per  cent,  and  the  results 
obtained  for  the  other  tests  are  compared  with  this  same  basis. 

28.  These  tests,  in  accordance  with  your  request,  were  made  with 
class  E6s  locomotive,  which  is  one  of  our  heavier  types  of  existing 
locomotives,  and  the  loads  on  the  ties  were  applied  very  slowly,  prac- 
tically representing  static  conditions.  We  therefore  do  not  feel  that  the 
maximum  figure  shown  represents  that  which  will  be  obtained  when  our 
modern  locomotives  are  passing  over  track  in  similar  condition  as  our 
previous  tests  reported  to  you  indicate  that  speed,  as  well  as  axle  load, 
is  a  contributory  factor  in  the  amount  of  load  which  is  sustained  by 
the  tie. 

(Signed)     C.  D.  Young. 
Engineer  of  Tests. 
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RATIO   3HWEEK  THE  WEIGHT  OF  THE  IOCO.    AKD  THE  TOTAL  LOAD  RECORDED  ON  THE  TEST  TRACK. 


Total   load 

Tit.   of 
rail 

!7o.    ties 
per  rail 

Test 
Jo. 

Load  Re 

corded.   Pounds 

recorded,^  of 

art.  of  loco. 

Right  rail 

Left  rail 

Tota1 

60 

16 

407 

140970 

119355 

260325 

107 

•i 

•• 

408 

134165 

128690 

262855 

108 

.t 

u 

409 

137720 

122360 

260080 

107 

70 

16 

410 

143310 

121915 

265225 

109 

•i 

•• 

411 

135780 

122910 

258690 

106 

■1 

« 

412 

133410 

1217  70 

255180 

105 

70 

14 

422 

147435 

140340 

287775 

118 

•t 

>• 

423 

t 39690 

141425 

287115 

115 

•• 

•• 

424 

135465 

141040 

276505 

113 

05 

18 

404 

142315 

129330 

271645 

m 

•• 

« 

405 

135545 

128510 

2C4055 

108 

•• 

n 

4% 

141975 

130640 

272615 

112 

85 

16 

419 

139110 

135645 

274755 

113 

•• 

420 

140845 

132795 

273640 

112 

" 

ri 

421 

129370 

129960 

259330 

106 

85 

14 

441 

129790 

133225 

263015 

108 

» 

» 

442 

137180 

133605 

270785 

II1 

rt 

" 

443 

131815 

136315 

268130 

110 

TOO 

18 

401 

116100 

129685 

246065 

101 

>• 

ii 

402 

132075 

116410 

248485 

102 

" 

■ 

403 

136715 

117250 

253965 

104 

TOO 

16 

4i3 

1 25540 

128535 

254075 

104 

it 

•• 

414 

115790 

121865 

237655 

98 

" 

" 

415 

114165 

115625 

229790 

94 

100 

14 

425 

130230 

135085 

273315 

112 

■ 

n 

426 

125355 

139510 

264865 

109 

» 

M 

427 

129510 

147015 

276525 

113 

100 

12 

431 

144690 

121130 

265820 

109 

•t 

" 

432 

138600 

117165 

255765 

105 

•• 

ii 

433 

126995 

134715 

261710 

107 

125 

16 

416 

113455 

101925 

a  5380 

88 

" 

- 

417 

125935 

104690 

230625 

95 

" 

n 

418 

118490 

108590 

227080 

93 

125 

14 

428 

130885 

133475 

264360 

108 

" 

i« 

429 

123775 

130910 

254685 

105 

" 

" 

430 

125095 

124985 

250080 

103 

125 

12 

434 

130965 

146720 

277685 

114 

" 

" 

435 

130285 

148525 

278810 

114 

" 

» 

436 

127435 

140475 

267910 

110 

125 

10 

437 

116515 

120035 

236550 

97 

" 

" 

440 

135850 

126110 

261960 

108 

" 

444 

136285 

131405 

267690 

110 

Weight   of  locomotiTe  =  243670  pound*. 


sheet  mo!9*5S 
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PER  CENT.   OP  READINGS  LESS  THAN  OR  OVER  GIVEN  AMOUNTS   FOR  TESTS 
MADE  WITH  EACH  KIND  OP  RAIL   AND  TIE  SPACING. 


Weight  of  rail. 

60  f 

70  # 

85  # 

No.  of  ties  per  rail , 

16 

14 

16 

14 

16 

18 

%   of  readings 

Less  than  5000  Lbs. 

60.3 

50.7 

66. Q 

53.6 

48.7 

49.4 

Over      5000  " 

39.7 

49.3 

34.0 

46.4 

51.3 

50.6 

»               10000  " 

15.4 

18.1 

16.0 

21.0 

15.3 

7.8 

15000  " 

0.6 

4.9 

3.6 

3.6 

0.7 

1.9 

20000  " 

0 

0.7 

0 

0 

0 

0 

Weight  of  rail, 

100  # 

125  # 

No.  of  ties  per  rail, 

12 

14 

16 

18 

10 

12 

14 

16 

%   of  readings 

Less  than  5000  Lbs. 

Over  5000  " 
"  10000  " 
"  15000  " 
"      20000  " 

50.0 

50.0 

23.8 

4.8 

1.6 

53.6 

46.4 

18.1 

4.3 

0 

55.3 
44.7 
14.0 

"0 
0 

64.1 

35.9 

10.9 

0.6 

0 

50.0 
50.0 
36.1 
13.0 
0.9 

46.1 

53.9 

23.8 

7.9 

0.8 

51.5 

48.5 

17.4 

Z,Z 

0 

62.7 

37/3 

10.0 

0 

0 
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Report  No.  15-102 
October  22,   191; 
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Distribution  of  Load  Over  Ties. 
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Report  No.  15-102. 
October  22,  1915. 


DlSTRinUTION    OF    LOAD    OVER    TlF.S. 
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Report  No.  15- 
October  22,  1' 


Distribution  of  Load  Over  Ties. 
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Report  No.  15-102. 
October  22,  1915. 
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.-< 'NEW-SPIKE  AND  TIE-PLATE  TEST. 


Report  No.  15-1 
October  22,  19 


DlSTRlliUTION   OF   LOAD   OvER   TlES. 
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Report  No.  15-102. 
October  22,  1915. 
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Report  No.  15-1 
October  22.   V. 
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Distribution  of  Load  Over  Ties. 
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Report  No.  15-102. 
October  22,  1915. 


iint   i  [ON   OF    I  OAD  Ovi  R   Tn  S 


230 


SCREW-SPIKE  AND  TIE-PLATE  TEST. 


TRANSVERSE  TEST  OF  RAIL. 

COMPARISON  CF  ELASTIC  LIMIT  AND   ULTIMATE  STRENGTH  OF  DIFFERENT 
WEIGHTS  OF  RAIL   WITH  VARIOUS   SPACING3   BETV/EEN  SUPPORTS. 


Distance 

wt.  of  rail , 
Lbs.  per  Yd. 

between 

supports 

inches 

El  as  t  i  c 
Limit 
pounds 

Ultimate 

Strength 

pounds 

Conrnar  J 

son  % 

Elastic 
Limit 

Ultimate 
Strength 

Nominal 

Actual 

100 

97.5 

22.25 

180000 

515860 

100 

100 

>i 

ii 

25.43 

140000 

412140 

78 

«0 

ii 

ii 

29.66 

130000 

287500 

72 

56 

" 

ii 

35.60 

120000 

248280 

67 

48 

125 

124.5 

25.43 

21 000 0 

696080 

117 

135 

it 

H 

29.66 

180000 

574860 

100 

111 

" 

■i 

35.60 

140000 

491720 

78 

95 

'• 

ii 

44.50 

120000 

375420 

67 

73 

85 

81.9 

22.25 

120000 

386140 

67 

75 

•i 

rt 

25.43 

100000 

306980 

56 

60 

" 

ft 

29.66 

60000 

241700 

33 

47 

70 

68.2 

22.86 

90000 

250080 

50 

49 

•• 

ii 

26.66 

75000 

202040 

42 

39 

60 

58.7 

22.86 

70000 

166480 

39 

32 

NOTE:     125  lb.   rail   new;   other  rail  previously  in  service. 
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DEFORMATION  OF  CROSS-TIES  UNDER  LOAD  ON  RAILS. 

March  30,  1915. 
W.  G.  C. : 

In  compliance  with  your  directions  of  last  September,  we  have  made 
a  test  to  determine  the  deformation  of  a  cross-tie  under  load.  Four  loca- 
tions were  selected,  as  follows: 

No.  1 — Inward  passenger  track  near  37th  St.,  West  Philadelphia, 
r'epresenting  first-class  track  on  stone  ballast.    White  Oak  ties. 

No.  2 — Outward  passenger  track  No.  3  at  "GC"  Block  Station 
(near  Powelton  Ave.)  ;  also  on  stone  ballast,  but  with  less  solid  road- 
bed.   White  Oak  tie. 

No.  3 — Main  freight  track  No.  17,  near  37th  Street.  Cinder  ballast, 
well-maintained  track,  under  heavy  traffic.    White  Oak  tie. 

No.  4 — -Schuylkill  River  Branch,  eastward  freight  track,  west  of 
30th  Street.  Cinder  ballast.  Track  not  so  well  maintained,  but  with 
much  lighter  traffic.     Yellow  Pine  tie. 

Thirteen  nails  were  driven  in  the  tie  whose  deformation  was  to  be 
measured;  heavy  stakes  were  driven  in  line  with  the  tie,  one  on  each  side 
of  the  track;  a  steel  straight-edge  (plan  attached)  was  secured  to  the 
tops  of  the  stakes,  and  the  distance  between  the  lower  edge  of  the 
straight-edge  and  the  tops  of  the  nails  was  measured  with  a  micrometer 
scale.  A  locomotive  was  then  placed  over  the  tie  with  the  wheels 
bearing  the  maximum  load  as  close  to  the  tie  as  practicable,  the  straight- 
edge placed  in  same  position  as  before  and  the  measurements  repeated 
under  the  locomotive. 

Three  locomotives  were  used  in  this  test  at  each  of  the  four  loca- 
tions, viz.,  E-6,  H-6  and  D-16. 

Readings  were  also  taken  from  top  of  rail,  but  as  the  results  showed 
that  these  readings  did  not  truly  indicate  the  depression  of  the  tie 
(owing  to  space  between  the  rail  and  tie-plate  or  tie-plate  and  tie,  or 
both,  when  not  loaded)  they  were  disregarded  in  plotting  the  curves. 

As  the  middle  of  the  tie  is  depressed  more  under  load  than  the 
ends  in  every  case  except  the  highest  type  of  roadbed,  it  would  seem 
that  a  length  of  8  ft.  6  in.  is  too  great  for  any  but  first-class  passenger 
track.  J.  C.  C. 
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A.  B.  <  • 

As  per  your  memorandum  of  March  31st,  we  have  repeated  the 
tests  to  determine  the  deformation  of  a  cross-tie  under  load,  reported 
March  30,  modifying  the  apparatus  as  per  attached  blueprint  and  making 
the  tests  with  moving  loads. 

We  attach  blueprints  showing  the  results  of  the  repeat  tests,  and  also 
for  convenient  comparison,  blueprint  of  original  tests. 

Test  No.  /—The  dynamic  test  shows  the  same  depression  at  the 
cast  end,  somewhat  less  at  the  center,  and  nearly  double  the  depression 
at  the  west  end  of  the  ties  as  compared  with  the  static  test. 

The   reason    for   this    rather   peculiar   result   is   not   obvious,   but   the 

.    that   seems   most   plausible   is   that   it  is   due   to   the   elasticity   of 

the   tie.     At   the   point   where  this  test  was  made,  the  track   was   shifted 

some  months  ago  so  that  about  half  of  the  tie  is  on  old  roadbed     This 

uter-bound"    track,    with    the    cast    end    of    the    tie    better 

supported  than  the  west  end. 

hi    the    static    test,    the    tendency    of    the    tie    to    resume    its    normal 
shape  while  under  load  (its  elasticity)  would  partially  offset  the  inequali- 
ties   in    support   and   in   application    of    load,    while    in   the   dynami 
this  force  would  not  have  time  to  operate. 

Test  No.   2 — The   deformation   of   the   tie   is   about  the   same   under 
the   dynamic   load  as  under  the   static,   and   the  depression  is  about  the 
at   the   east  end  of   the   tie,   but  about  40  per   cent,  greater  at   the 
west  end. 

It  will  be  noticed  that  the  depression  is  slightly  greater  at  the  west 
end  of  the  tie  under  the  static  load,  indicating  that  the  roadbed  is  more 
yielding  under  that  side  of  the  track.  Probably  this  condition  caused 
the  locomotive  to  rock,  thereby  greatly  increasing  the  dynamic  load  on 
the  west  side. 

Test  No.  3 — In  this  test  the  depression  was  considerably  increased 
under  the  east  rail  only;  possibly  for  the  reason  suggested  under  Test  2. 

Test  No.  4 — Train  movements  over  this  track  are  much  less  fre- 
quent than  at  the  locations  of  the  other  tests  and  the  cinder  ballast  is 
acted  around  the  ties  so  that  there  is  very  little  movement  of  the 
track  superstructure  under  trains.  The  depression  of  the  tie  is  about 
the  same  under  dynamic  load  as  under  static,  being  somewhat  less  at 
the  middle  of  the  tic,  which  may  perhaps  be  explained  by  the  theory 
stated  under  Test  1. 

At  37th  Street  (Test  No.  1)  readings  were  taken  after  passage  of 
Train  No.  2,  and  at  "GC"  (Test  No.  2)  after  Train  No.  1.  The  results 
are  the  same  as  with  unattached  locomotives  of  similar  weight. 

April  2K  1915.  J.  C.  C 
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September  17,  1914. 
Communication  from  Mr.  W.  W.  Atterbury  to  Mr.  S.  C.  Long. 

Dated  August  27,  1914,  and  all  papers. 

Subject:     Splices,  tie-plates,  spikes,  etc.,  for  use  in  connection  with  new 
125-lb.  rail. 

Respectfully  returned  to 

Mr.  S.  C.  Long,  General  Manager. 

Following  our  memorandum  of  August  28,  we  beg  to  advise  that 
the  Committee  on  Screw-Spike  Test  met  at  Altoona  on  September  3, 
after  inspecting  the  experimental  track  at  Birmingham,  and  very  care- 
fully and  thoroughly  considered  and  discussed  the  question  of  tie-plate 
dimensions,  having  before  it  Mr.  Rea's  memorandum  of  August  20, 
your  reply  of  August  22,  and  Mr.  Rea's  reference  to  you  of  August  26. 

The  Committee  unanimously  agreed  to  repeat  its  recommendation 
of  February  25,  1914,  as  to  further  tests  of  large  tie-plates,  as  follows : 

Type  8 — Rolled  Steel — 7  in.  by  14  in.  by  lA  in.  to  24  in. 
Type  9 — Malleable  Cast-Iron — 7  in.  by  14  in.  by  2  in. — Cambered. 
Type  10— Malleable  Cast-Iron— 7  in.  by  14  in.  by  2  in.— Flat 
Type  11 — Malleable  Cast-Iron — 7  in.  by  16  in.  by  2  in. — Cambered. 
Type  12— Malleable  Cast-Iron— 7  in.  by  16  in.  by  2  in.— Flat. 
Type  13 — Rolled  Steel — 7  in.  by  14  in.  by  J4  in- 
Type  14 — Rolled  Steel — 7  in.  by  16  in.  by  24  in.    • 

As  you  will  remember,  these  experiments  were  postponed  on  account 
of  financial  conditions,  but  during  the  summer  it  was  decided  to  pro- 
ceed with  the  test  of  Type  13,  and  we  wrote  to  the  Purchasing  Agent 
on  August  4  inquiring  as  to  the  cost  of  rolls,  etc.,  but  have  not  yet 
received  reply. 

In  addition  to  the  above  tests,  the  Committee  now  recommends: 
First,  a  test  to  determine  the  load  (including  dynamic  augment  and 
impact)  which  each  tie-plate  is  called  upon  to  support  in  our  heaviest 
service  tracks;  and,  second,  steel  tie-plates  7  in.  by  9^4  in.,  7  in.  by 
10^4  in.,  7  in.  by  16  in.,  and  7  in.  by  18  in.  (each  to  be  of  the  proper 
thickness  to  distribute  the  load  over  its  entire  area  with  approximately 
the  same  uniformity  as  the  7  in.  by  13  in.  by  it  in.  malleable  plates 
used  in  previous  tests — these  thicknesses  to  be  computed  and  then 
checked  by  tests  of  the  finished  plate),  to  be  made  and  secured  to  white 
oak  blocks  7  in.  by  7  in.  and  subjected  to  repeated  applications  of  the 
load  determined  by  the  first  test.  The  penetration  into  the  wood  of 
the  various  tic-plates  to  be  measured  and  the  blocks  cut  and  examined 
microscopically  to  detect  any  changes  in  the  structure  of  the  wood. 

This  test  is  to  determine  the  area  of  tie-plate  which  will  best  resist 
repeated  applications  of  the  maximum  load  to  which  tie-plates  are 
subjected  in  track. 

In  carrying  out  the  first  part  of  the  second  test  above  mentioned, 
Mr.  Young,  Engineer  of  Tests,  has  developed  that  a  rolled-steel  plate 
16  in.  long  should  be  2  in.  thick  to  provide  the  desired  uniformity  in 
distribution  of  load,  but,  as  plates  of  this  thickness  would  be  unrea- 
sonably expensive,  we  have  ordered  for  trial  in  track  200  tic-plates  7  in. 
by  16  in.  by  V/2  in.,  as  per  blueprints  attached  (100  of  each)  (pp. 
248-250). 

The  experiments  conducted  by  die  Screw  Spike  Committee  for  the 
past  five  years  have  not  led  to  definite  conclusions  either  as  to  screw- 
spikes    or    tic-plates,    and    it    will    likely    lie    some    time    before    positive 
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results  are  reached,  but  in  the  meanwhile  we  have  been  improving  our 
standard  tie-plate  from  time  to  time,  using  the  knowledge  gained  by 
the  Committee's  experiments. 

At  the  inception  of  the  Screw-Spike  Test  in  November,  1909,  our 
standard  tie-plate  was  7  in.  by  9  in.  by  -fa  in.  One  of  the  first  things 
learned  from  the  experimental  track  was  that  the  cutting  of  the  tie- 
plates  into  the  ties  was  all  under  the  outer  edge.  Accordingly,  in 
January,  1911,  Ya,  in.  was  added  to  the  outer  end  of  the  plate,  increasing 
the  distance  from  the  center  of  the  rail  to  the  outer  end  of  the  tic- 
plate  from  4J/2  in.  to  5J4  in-  In  January,  1913,  )£  in.  was  added  to  the 
side,  making  the  dimensions  9^4  in.  by  7y2  in.  by  i7,t  in.  After  four  years' 
c  under  our  heaviest  traffic  under  the  low  rail  of  sharp  curves,  the 
7  in.  by  9  in.  by  V,;  in.  tie-plates  in  the  experimental  track  began  to 
show  a  tendency  to  bend  under  the  outer  edge  of  the  rail,  and,  as  it 
videnl  that  this  tendency  would  prove  more  pronounced  with  the 
r  tii -plate,  the  thickness  of  our  standard  tie-plate  was  increased 
to  -ft  in.  in  July,  1913.  These  plates  have  not  shown  any  indication  of 
bending  up  to  the  present  time. 

In  view  of  the  fact  that  both  the  7  in.  by  9  in.  and  the  7l/2  in.  by 
in.  tie-plates  are  cutting  into  the  ties  "at  the  outer  end  of  the  tie- 
plate  with  increasing  rapidity  as  the  ties  grow  older,  it  was  thought 
that  a  longer  tie-plate  should  be  designed  for  use  under  heavy  traffic  on 
sharp  curves,  and  we  have  accordingly  arranged  for  the  rolling  of  tie- 
plates  7  in.  by  10^4  in-  by  §^$  in.,  the  distance  from  center  of  rail  to 
outer  end  of  plate  being  55^  in.  The  width  was  reduced  from  7l/2  in.  to 
7  in.,  for  the  reason  that  many  cases  were  found  where  the  tie-plate 
extended  over  the  edge  of  the  tie,  or  where  the  sapwood  had  split  off 
or  decayed,  leaving  the  outer  edges  of  the  tie-plate  without  support.  It 
was  not  deemed  wise  to  go  to  a  larger  area  than  7  in.  by  10^4  in.  for 
general  use  at  this  time,  as  our  experiments  have  not  yet  proven  the 
verj  large  sizes  economical.  The  average  cutting  into  the  ties  at  the 
outer  edge  of  the  tie-plates  at  Birmingham  and  Wooster,  is  as  follows : 

Rolled  plate,  7  in.  by    9    in.  by  t7c  in 0.397  in. 

Cast      plate,  7  in.  bv  13      in.  by  ii  in 0.204  in. 

Rolled  plate,  7  in.  by  1354  in.  by  ^  in 0.217  in. 

From  these  figures  it  is  probably  uneconomical  to  use  the  larger 
plates,  but  possibly  further  experimentation  with  better  designed  plates 
will  justify  the  use  of  plates  of  about  100  sq.  in.  under  heavy  traffic  on 
sharp  curves.  For  the  present  we  do  not  recommend  a  greater  increase 
than  the  1  in.  recently  added  to  the  length  of  our  standard  tic-plate, 
making  it  7  in.  by  10}4  in.,  which  we  consider  sufficient  for  the  majority 
of  our  traffic. 

As  to  the  thickness  of  the  proposed  plate,  wc  are  satisfied  that  ?*  in. 
is    sufficient    thickness    for    a    plate    10^4    in.    long,    from    the    fact    above 

d  that  ho  tendency  to  bend  has  been  found  in  the  7 r/2  in.  by  9-'i  in. 

by   A    in.   plates   rolled   last   year,   and   the   fact   stated   in   Mr.   Zollinger's 

letter  to  you  of  July  24.  1913,  that  of  3.500  tie-plates  7  in.  by  I3l<  in.  by 

only   17   were    found   bent,   and  these   all  under  low   rail   of  curve 

on  chestnut  ties,  having  carried  our  heaviest  traffic  four  years. 

We  will  advise  you  from  time  to  time  as  to  the  progress  of  these 
experiments. 

(Signed)     W.  G.  Coughi.ix. 

Engineer  M.  W. 


PENNSYLVANIA  SYSTEM. 


245 


246 


SCREW-SPIKE  AND  TIE-PLATE  TEST. 


PENNSYLVANIA  SYSTEM. 


247 


248  SCREW-SPIKE  AND  TIE-PLATE  TEST. 

May  22,  1915. 

Mr.    W.   G.   Coughlin, 

Engineer   Maintenance  of   Way. 

Sir: 

directed  by  your  letter  of  September  28,  1914,  we  have,  after 
considerable  delay,  ■  jii  May  11  installed  the  special  tie-plates  and  spikes 
for  experimental  purp  ises,  studies  4  and  5.  Plates  are  located  between 
M  P.  218  plus  4319,  and  M.  P.  21S  phi-  4505  on  No.  10  curve  in  No.  1 
track,  just  cast  of  L.  J.  Bridge  No.  10,  with  white  oak  ties  under  125-lb. 
rail,   on   a  5  deg.   and  45  min.  curve. 

We  attach  a  statement  showing  the  unit  costs  of  the  work. 
Yours  truly, 

(Signed)     G.  \Y.  Creighton, 

General  Superintendent. 

UN]  I     INSTALLATION   OF   EXPERIMENTAL  TIF-PLATLS   AND    SPIKES. 

Installed    May    11.    1915.      Study    No.    5,    Screw-Spikes. 

Total  Cost  Unit  Cost 

Tie-plates,    100   installed $362.00  $3.62 

Screw-spikes,  Special  7%  in..  200  installed 44.00  0.22 

Screw-spikes,  Exp.  Standard  6%  in.,  200  installed.     11.00  0.055 

Labor  removing  old  plates  and  plug  holes 4.14  0.083  per  tic 

Labor  boring  holes 8.80  0.176 

Labor  distributing  material,  work  train 63  

Applying   fastenings    1 1.55  0.231 

Totals  :— Rail  fastenings    417  00 

Applying   fastenings    25.12 

First  lining  and  surfacing 5.99— $448.11 

»6  per  tie.  $5.43  per  foot  of  track.  $28,670  per  mile  of  track, 
exclusive  of  rail,  ballast  and  cross-tics. 

Installed  May  11,  1915.     Study  No.  4.  Driven  Spikes. 

Total  Cost  l' nit  Cost 

Tie-plates,  P.  S.  125-lb.,  100  installed $362.00  $3.62 

Spikes,  Special  7'/.  in.,  200  used 3.80  0.019 

Spikes   Standard  6  in..  200  used 2.21  0.011 

Labor  removing  old  plates  and  plug  holes 4.12  0.082  per  tie 

Labor   applying    fastenings 8.63  0.175 

Totals.:     Rail   fastenings   368.01 

Applying    fastenings    12.75 

Labor,  first  lining  and  surfacing....     13.15 — $393.91 

17   per   tie.  $4.77  per    foot   of   track,   or  $25,186  per   mile  of  track. 
exclusive  of  rail,  ballast  and  cross-ties. 
Altoona,  Pa. 

May  20,  1915. 
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Sketch  of  Screw  5pike 

For  ube  witti 
Tie  PLME(STudyNo.5) 
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Philadelphia,  April  30,  1915. 
Mr.  W.  G.  Coughlin, 

Engineer  Maintenance  of  Way. 
Dear  Sir: 

I  have  noted  your  letter  of  the  27th  instant  to  Mr.  Creighton  with 
interest,  in  reference  to  making  repairs  to  the  screw-spike  track  at  Bir- 
mingham on  the  Middle  Division.  My  only  added  suggestion  would  be 
that  before  plugging  the  holes  they  should  be  filled  with  creosote  oil, 
so  as  to  keep  the  screws  in  good  condition. 

I  also  think  the  screw-spikes  have  not  sufficient  holding  power  on  the 
wood.  My  opinion  is  that  no  screw-spike  of  any  size,  the  under  side 
of  the  head  of  which  is  brought  closely  in  contact  with  the  base  of  rail, 
will  remain  in  good  condition  for  a  considerable  length  of  time.  The 
under  side  of  head  should  be  not  less  than  one-eighth  of  an  inch  from 
touching  the  base  of  rail,  otherwise  the  movement  of  the  rail  on  the 
ties  will  naturally  either  loosen  the  spikes  or  raise  or  lower  the  cross- 
ties  as  the  rolling  stock  passes  over  same.  In  other  words,  I  claim  that 
the  fundamental  principle  of  the  screw-spike,  as  applied  in  the  tests 
now  being  made  at  Birmingham,  is  incorrect  and  you  can  expect  unsatis- 
factory results.  Respectfully, 

(Signed)     A.    C.    Shand, 

Chief    Engineer. 

May  24,  1915. 
Mr.   A;  C.   Shand, 

Chief   Engineer. 
Dear   Sir: 

Referring  to  your  letter  of  April  30th  relative  to  Screw-Spike  track 
at  Birmingham,  particularly  the  criticism  that  "no  screw-spike  of  any 
size,  the  under  side  of  the  head  of  which  is  brought  closely  in  contact 
with  the  base  of  rail,  will  remain  in  good  condtition  for  a  considerable 
length  of  time."  *  *  *  "In  other  words  *  *  *  the  fundamental 
principle  of  the  screw-spike  as  applied  in  the  tests  now  being  made  at 
Birmingham  is  incorrect,"  we  beg  to  advise  that  this  principle  was  not 
ignored  in  arranging  the  screw-spike  tests. 

We  have  from  the  beginning  advocated  a  space  between  the  rail  and 
screw-spike,  and  as  you  will  notice  from  attached  sketches  a  space  of 
tiV  was  provided  in  the  design  of  the  New  York  Tunnel  tie-plate  (Type 
7  S.  3.  Exp.)   and  this  clearance  was  in  later  studies  increased  to  Ts". 

The  members  of  the  Screw-Spike  Committee  were  not  all  in  accord 
with  this  view,  hence  types  3,  4  and  6  were  designed  without  this   feature 

We  enclose  copy  of  letter  from  Mr.  Hatch  on  this  subject. 
Yours   truly 

W.  Ci.   Con  .in  iv. 
Chairman,    Committee    on    Sen  \v  Spike   Test. 

VANDAI.IA    BAILROAD    COMPANY 

St.   Louis,   Mo,   May  (\   1915. 
Mr.  W.  G.  Coughlin, 

Chairman,  Committee  on   Screw  Spike  Test. 
Dear  Sir : 

I  hare  your  favor  of  May  3rd,  end  of  a  letter  from  Mi 

Shand   concerning   proposed    repairs    to    Type    7,    Screw  Spike    Track,    at 
Birmingham,  Pa. 

I  finite  agree  with  Mr.  Shand  in  his  comments  on  the  screw  spike 
The   screw-spike   must    not   he    screwed    down    tight    against    the   base   of 
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the  rail  if  good  results  are  expected.  The  constant  working  of  the  spike 
in  the  wood  will  destroy  the  fibers  so  there  will  be  no  holding  power 
whatever. 

With  the  ordinary  track  spike  the  working  of  the  rail  under  the 
traffic  will  tend  to  pull  the  spike  out  of  the  wood  to  a  certain  extent, 
but  this  does  not  hurt  the  fiber  of  the  wood  and  the  spike  can  be  driven 
back  again. 

With  a  screw-spike  working  under  the  traffic  in  the  same  way  the 
fiber  of  the  wood  next  to  the  spike  would  be  destroyed  and  nothing 
would  remain  to  hold  the  spike  when  you  attempt  to  screw  it  back  again 
into  place.  For  that  reason  there  should  be  sufficient  space  between  the 
head  of  the  screw-spike  and  the  base  of  the  rail  to  allow  for  play  of 
the  rail  without  affecting  the  spike. 
Yours  truly, 

(Signed)     F.  T.  Hatch, 

Chief  Engineer. 
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TIE. 

Discussion  of  C.  D.  Young's  report  of  24tb  February.  1915   (p.  193). 

Pittsburgh,  Pa.,  April  29,  1915. 
Mr.  W.  0.  Coughlin,  Chairman, 

Committee  on   Screw-Spike  Test. 
Dear  Sir: 

At  the  meeting  of  (lie  Committee  in  Altoona,  September  3,  1914.  it 
was  arranged  to  have  the  Pennsylvania  Railroad  Test  Department 
determine  two  things  : 

(1)  The  dynamic  load  sustained  by  a  tie-plate  in  the  track  under 
traffic,  and 

(2)  The  intensity  of  pressure,  or  load  per  square  inch,  which 
can  be  sustained  by  a  white  oak  tie  under  repeated  applications  of  the 
load,  without   destruction  of  the  fibers  of  the  wood. 

Your  letter  of  March  9,  1915.  informs  us  that  the  first  portion  of 
the  plan  has  been  carried  out,  and  you  have  furnished  us  with  a  com- 
plete copy  of  the  report,  No.  15-12,  dated  February  24,  1915,  by  Mr 
Young  to  Mr.  W'allis.  and  in  it  Mr.  Young  recommends,  in  the  last 
paragraph,  that  it  be  referred  to  the  Committee  on  Screw-Spike 
to  advise  what  load  they  desire  to  have  used  Eor  the  laboratory  inves 
ligation  ol  the  tics  and  tie  plates.  On  this  question,  I  offer  the  follow- 
ing comments: 

T  find  myself  at  present  quite  in  accord  with  Mr  Young's  conclu- 
sions in  paragraph  29,  on  page  163,  as  follows: 

"(a)     The  design  of  tie-plates  to  meet  curve  conditions  should  be 

different  from  that  on  tangent  track,  due  to  the  fact  that  tin- 
variation  in  the  elevation  Of  the  curve  has  a  material  bear- 
ing upon  the  load  which  the  tie-plate  sustains,  and  as  thi^ 
elevation  ran  only  he  made  For  .i  compromise  speed,  i  xcessive 
loads  will  01  CUr  at  other  sp 
"(1))    Tie-plates   d(  ligned    For   use   on   curves   up   to  and   includ 

2  degrees   might   be  of  the   same  class  as  those  designed    for 
ent  track. 
)     The  bearing  value  of  tie  plates   for  curves*  of  6  and 

over    should    he    approximately    twice    that    used    on    tangent 
track. 
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"(d)  Tie-plates  for  curves  of  between  2  and  6  degrees  in  all  prob- 
ability do  not  need  as  great  a  bearing  value  as  tie-plates 
used  on  6-degree  curves  and  over,  but  should  have  a  bearing 
value  greater  than  tie-plates  on  tangent  track. 

"(e)  It  would  therefore  seem  that,  in  order  not  to  have  too  many 
designs  of  tie-plates,  the  dividing  line  for  change  in  design 
from  tangent  to  curved  track  would  be  between  the  2-degree 
and  6-degree  curve,  and  that  the  bearing  value  of  the  two 
designs  of  tie-plates  should  be  approximately  1.6  to  1  in." 

These  deductions  correspond  with  experience,  and  the  speed  up  to 
which  the  results  on  tangent  and  curved  track  correspond  fairly  well, 
viz.,  40  miles  per  hour,  as  mentioned  by  Mr.  Young  in  a  portion  of  the 
report,  is  also  significant.  It  is  in  the  neighborhood  of  this  speed,  viz., 
about  45  miles  per  hour,  when  8  inches  is  fixed  by  experience  as  the 
practicable  limit  of  superelevation  for  the  outer  rail  on  curves,  which  is 
the  limit  for  6-degree  curves.  Also,  on  the  3-degree-thirty-minute  curve, 
8  inches  is  the  superelevation  required  for  a  speed  of  60  miles  per  hour. 
As  a  practicable  limit,  the  Transportation  Department  has  fixed  upon  a 
limitation  of  speed  of  about  40  to  45  miles  per  hour  around  curves, 
from  4  degrees  to  6  degrees,  having  standard  superelevation,  while  there 
has  been  a  great  deal  of  discussion  about  limiting  the  speed  to  60  miles 
per  hour  on  all  curves  less  than  4  degrees,  having  standard  supereleva- 
tion, and  that  is  practically  the  rule  at  the  present  time  on  the  Lines 
West  of  Pittsburgh. 

From  these  conditions,  therefore,  I  would  place  the  figure  which 
Mr.  Young  docs  not  name,  but  which  he  considers  between  2  degrees 
and  6  degrees,  at  3-degree-30-minute  curves,  up  to  and  including 
which  the  tie-plate  designed  for  tangent  track  should  be  used,  and  a 
special  tie-plate  for  curved  track  over  3  degrees  30  minutes. 

From  these  tests  he  fixes  the  required  bearing  area  of  the  tie- 
plate  for  the  sharp  curves,  i.  e.,  for  the  curves  over  the  figure  which 
I  fixed  above  at  3  degrees  30  minutes,  at  60  per  cent,  greater  than  the 
bearing  area  of  the  tie-plate  required  for  tangent  track  and  up  to 
3-degrec-30-minute  curves.  I  have  no  criticism  of  this  to  make  at 
present. 

On  page  164  he  recommends  that  the  tie-plate  for  tangent  track 
be  designed  to  sustain  a  load  of  not  less  than  38.000  lbs.,  and  this  is 
approximately  the  figure  which  I  worked  out  from  Mr.  Young's  prelimi- 
nary tests  of  some  time  ago.  I  am  rather  inclined  to  agree  with  his 
reasoning,  and  recommend  that  that  be  the  figure  which  we  use  for 
making  the  tests  to  determine  the  intensity  of  pressure  which  can  be 
successfully  sustained  by  the  oak  ties,  supposing  them  to  be  laid  on 
tangent  track  and  curved  track  up  to  3  degrees  30  minutes. 

Accepting  also  the  reasoning  of  the  necessity  for  a  special  tic- 
plate  for  curved  track  of  over  3  degrees  30  minutes,  it  will  be  neces- 
sary to  carry  on  tests  to  determine  the  bearing  area  of  the  tie-plate 
necessary  to  keep  the  intensity  of  pressure  on  the  wood  the  same  as 
in  the  case  of  the  tie  on  tangent  track  and  curves  up  to  3  degrees  30 
minutes,  because  the  load  to  be  provided  for  in  this  case  will  be  60  per 
cent,  greater,  or  not  less  than  60,000  lbs.,  as  stated  by  Mr.  Young, 
paragraph  34. 

Inasmuch  as  the  tests  to  determine  the  intensity  of  pressure  which 
white  oak  ties  will  successfully  sustain  will  be  laboratory  tests  under 
static  conditions,  it  appears  that  it  will  be  necessary  to  use  static  loads 
greater  than  the  38,000  and  the  60,000  lbs.  of  dynamic  load  mentioned 
above,  in  order  to  produce  the  same  effect,  and  Mr.  Young  has  there- 
fore studied  the  relation  between  the  effects  of  the  static  and  dynamic 
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loads  and  determines  that  the  ratio  of  the  static  load  to  the  dynamic 
load  was  not  to  exceed  1  to  1.20  for  tangent  track,  i.  e.,  the  static  load 
to  produce  the  same  effect  as  the  dynamic  load,  should  be  about  20  per 
cent,   greater  than  38,000  lbs.,   or,   say,   approximately  45,000  lbs.,   while 

iwrSfiL  °f  Sharp  curvature  jt  should  be  about  twice  as  great,  or 

1ZU,UU0  lbs. 

•  i?  r,ecLommend,  therefore,  in  answer  to  your  letter,  that  the  loads  used 
in  the  laboratory  experiments  be  45,000  lbs.  for  tangent  and  curved  track- 
up  to  3  degrees  30  minutes,  and  120,000  lbs.  for  curved  track  over  3 
degrees  30  minutes. 

r  Ir1?0  recommend  that  we  do  not  proceed  with  the  installation 
of  additional  sizes  of  tie-plates  in  the  track  until  we  have  studied  the 
results  of  the  additional  experiments  which  are  to  be  made  by  the  Test 
Department. 

It  is  also  apparent  from  these  tests  that,  on  Divisions  where  the 
smaller  and  lighter  locomotives  are  used,  like  the  D-16  class  a  still 
smaller  tie-plate  can  be  provided.  The  requirements  seem  to  be  for  a 
load  of  about  22,000  lbs.  for  tangent  and  curved  track  up  to  3  degrees  30 
minutes,  with  a  60  per  cent,  increase  for  curvature  over  3  degrees  30  min- 
utes and  it  seems  possible  to  draw  up  a  set  of  rules  for  the  use  of 
tie-plates  in  accordance  with  the  weight  of  the  equipment  and  the 
density  of  the  traffic. 

Yours  truly, 

(Signed)     W.  C.  Cushing, 
Chief  Engineer  Maintenance  of  Way. 
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Discussion   by   W.  C.  Gushing. 

The  Pennsylvania  Railroad  System  screw  spike  and  tie  plate  tests 
have  stirred  up  considerable  interest  in  the  engineering  journals,  edi- 
torials having  been  published  in 'the  Railway  Age  and  the  Engineering 
News-Record. 

From  the  remarks  in  the  Railway  Age,  the  writer  considered  it  de- 
sirable to  make  some  additional  comments,  and  accordingly  the  follow- 
ing letter  was  written  : 

"Feb.   11,   1918. 


THE   SCREW    SPIKE   SITUATION. 

Mr.  Samuel  O.  Dunn, 

Editor,   Railway  Age, 
Woolworth   Building, 
New  York,  N.  V. 
Dear   Sir: 

The  editorial  of  your  reviewer  of  the  screw  spike  situation,  in  Rail- 
way Age  for  February  8,  1918,  page  294,  makes  it  desirable  and  even 
necessary  to  make  some  additional  statements  relative  to  this  subject. 

Your  reviewer  failed  to  catch  the  full  significance  of  Item  No.  _'. 
page  3,  of  the  report  of  screw  spike  and  tie  plate  test,  in  American  Rail- 
way Engineering  Association  Bulletin  No.  200,  for  October,  1917,  pre- 
pared for  the  Committee  by  Chairman  Coughlin,  wherein  the  very  first 
sentence  states  that  "No  satisfactory  device  is  known  for  resetting  screw 
spikes  after  the  thread  in  the  wood  has  been  destroyed."  This  vital 
defect  has  also  been  referred  to  by  the  writer  twice  previously  in  publica- 
tions of  the  .American  Railway  Engineering  Association;  the  first  time 
as  a  prediction,  by  reason  of  his  studies  of  the  European  practice,  and 
the  second  time  as  a  confirmation  of  the  prediction,  from  the  results  of 
trials  made  In  Bulletin  No.  109,  for  March,  1909,  under  the  title  of 
"The  Question  of  Screw  Fastenings  to  Secure  Rails  to  Ties,"  page  33, 
he  made  this   statement  : 

"The  proof  that  the  screw  spike  is  not  a  thoroughly  efficient  rail 
fastening  lies  in  the  devices  which  have  been  invented  to  assist  it  in  its 
work:  the  screw  plug,  the  Collet  trenail,  the  Thiollier  helical  lining,  and 
the  Lakhovsky  screw  and  cast-." 

In  Bulletin  No-  165,  for  March,  1914,  under  the  title  of  "Experiment 
with  Treated   Cross-Ties,   Wood    Screws  and   Thiollier    Helical    Linings,'' 
page  265,  the  writer  made  this  statement,  after  the  results  of  prolonged 
service   tests    in    the   tracks    of   the    Pennsylvania    Lines    West    of    Pitts 
burgh  : 

".  .  .  .  Some  of  the  same  difficulties  arc  arising  in  the  new  tests, 
which  clearly  show  that  a  screw  spike  is  not  a  successful  device  for 
securing  rails  to  wooden  ties,  unless  a  successful  method  of  repairs  from 

time  to  time  Can  be  devised  which  will  enable  one  to  'cure'  the  screw 
spike  when  it  becomes  loose,  which  it  does  inevitably  in  the  course  of 
time    in    mam    instances    under    heavy    traffic    and    severe    conditions." 

In    other    words,    it    is    impossibh     for    a    screw     spike    to    he    either    a 

-tul  method  for  fastening  the  rail  to  the  tie  or  a  successful  appli- 
ance for  prolonging  the  life  of  the  tie  bj  preserving  it  from  mechanical 
destruction  until  a  successful  method  has  been  devised   for  enabling  the 

Bpike  to  have  a    linn  hold    in   tin    lie  once   more  after   having   Income   loose 
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This  oth    of   your   points;    the   one    with    reference    to   the    spike 

fastening,  and  the  other  with  reference  to  it?  function  for  the  pro- 
lies  from  the  destructive  action  of  the  ordinary  cut  or  nail 
spikes.     This  is  your   reviewer's   statement: 

"While  their  function  as  track  fastenings  is  of  primary  importance, 
their  economy  »ut  primarily  because  of  their  protection   of  the 

ties  from  the  destructive  action  of  the  ordinary  cut  or  nail  spikes.  The 
Pennsylvania  appears  not  to  have  considered  this  advantage  of  the 
as  it  confined  its  report  almost  entirely  to  the  service  secured 
as  a  track  fastening,  in  spite  of  the  fact  that  it  is  the  other  object  which 
has   led   to  the  introduction  of  the  screw   spike  in   most   instances." 

The  reviewer  has  not  told  the  entire  story  in  this  particular,  either, 
because  if  he  will  refer  to  the  above-quoted  Bulletin  of  the  American 
Railway  Engineering  Association,  No.  165.  for  March.  1914,  he  will  find 
that  the  writer  inaugurated  an  experiment  on  the  Pennsylvania  Lines 
\\  <  st  of  Pittsburgh  in  1905,  in  order  to  decide  upon  the  value  of  that 
very  function  of  enabling  a  treated  eross-tie  to  be  used  through  its  entire 
life,  for  lie  realized  that  is  was  a  question  of  suitable  fastenings.  The 
following  is  a  quotation  from  page  265: 

"The  experiments  described  in  the  following  pages  by  those  who 
had  direct  charge  of  the  work,  Messrs.  Wiggins  and  McKeon,  were 
undertaken  by  the  writer  to  determine  if  it  would  be  possible  to  find 
suitable  rail  fastenings  which  would  enable  us  to  obtain  the  full  life  of 
a  preserved  cross-tie  until  it  should  perish  by  decay,  lie  was  fully 
impressed  with  the  short  life  of  steel  products  used  in  track  work, 
(specially  on  railroads  carrying  a  large  amount  of  refrigerator  traffic, 
and  also  with  the  idea  that  it  might  not  he  possible  to  obtain  the  full 
life  of  preserved  cross-ties,  because  it  seemed  quite  doubtful  whether 
the  fastenings  heretofore  proposed  would  last  sufficiently  long  for  the 
purpi 

Unless  a  suitable  fastening  could  be  secured,  it  would  not  be  pos- 
sible to  obtain  the  full  length  of  life  of  the  treated  cross-tie,  hecause 
in  all  probability  it  would  he  destroyed  by  the  mechanical  action  of 
replacement  of  fastenings  during  the  period  of  life  of  the  tie.  The 
test  referred  to  was  designed  specifically  for  that  purpose  and  the  screw 
fastenings  used  were  a  failure,  because  they  did  not  meet  the  condi- 
tions. A  successful  method  for  rehabilitating  the  screw  hold  in  the  wood 
after  the  screw  became  loose  had  not  been  found.  Other  experiments 
of  a  like  nature  over  other  portions  of  the  Pennsylvania  System  were 
made,  which  also  pointed  to  the  same  trouble  with  the  screw  fastening  : 
then  the  elaborate  experiments  at  Birmingham  and  Wooster,  under  the 
supervision  of  a  special  committee,  headed  by  Mr.  Jos.  T.  Richards,  and 
afterwards  by  Mr.  W.  G.  Coughlin,  his  successor  as  Engineer  Main- 
tenance of  Way  of  the  Pennsylvania  Railroad,  were  undertaken,  not 
only  for  the  purpose  of  determining  the  economy  of  the  screw  spike  as  an 
economical  and  efficient  rail  fastening,  but  also  to  discover  by  trial  a 
plan  for  the  continuity  of  the  screw  spike  as  a  fastening  through- 
out the  life  of  the  tie.  No  benefit  to  the  tie  itself  can  be 
given  by  the  fastening,  unless  its  defects  in  service  can  be  repaired  as 
they  arise;  otherwise,  the  tie  is  destroyed  by  the  imperfection  of  the 
fastening  devised  for  the  protection  and  prolongation  of  its  life'.  It 
was  the  judgment  of  the  joint  committee  that,  up  to  the  present  time, 
this  difficulty  with  the  screw  spike  has  not  been  met.  Your  reviewer 
will    readily    see,    therefore,    that    the    following    statement    is    incorrect: 

"By  ignoring  this  condition,  which  led  to  the  original  introduction 
of  the  screw  spike,  it  is  not  surprising  that  the  Pennsylvania  arrived 
at   the  conclusion   presented   in   the   recent   report." 
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The  writer  takes  exception  to  another  statement  of  your  reviewer,  as 
follows  : 

"The  screw  spike  requires  a  more  expensive  form  of  track  construc- 
tion than  the  cut  spike.  For  this  reason,  its  use  is  probably  limited  at 
present  to  those  lines  of  heavy  traffic  where  the  destruction  of  the 
track  is  the  greatest  and  the  cost  of  maintenance  correspondingly  heavy."' 

This  is  -precisely  the  conditions  under  which  the  screw  spike  is  not 
suitable  for  use,  and  the  reasons  have  really  been  stated  in  the  previous 
part  of  this  communication.  It  is  the  reason  for  the  screw  spike  being 
successful  on  the  Delaware,  Lackawanna  &  Western,  the  Atchison, 
Topeka  &  Santa  Fe,  and  the  New  York,  New  Haven  &  Hartford.  Just 
as  soon  as  the  traffic  over  the  track  where  the  screw  spike  is  used  on 
those  railroads  is  sufficiently  heavy,  the  screw  will  become  loose  and  the 
necessity  for  repairs  arise.  The  track  where  the  tests  at  Birmingham 
were  made  probably  carries  the  heaviest  traffic  in  the  country,  as  the 
report  in  Bulletin  No.  200  shows  in  detail,  and  it  is  because  the  traffic  is 
so  heavy  that  the  screw  fastenings  became  loose.  Mr.  Coughlin  calls 
attention  to  this  in  the  report,  on  page  5.  The  traffic  at  Woostcr,  not 
being  nearly  so  heavy  as  at  Birmingham,  docs  not  affect  the  screw 
fastenings  nearly  to  the  same  extent  in  the  same  time.  As  long,  there- 
fore, as  the  fastenings  are  used  where  the  traffic  is  not  of  the  severest 
kind,  a  certain  amount  of  success  can  be  obtained  with  this  type  of  fasten- 
ing, but  for  the  purposes  of  the  Pennsylvania  System  on  those  portions 
of  its  lines  where  it  is  very  important  to  prevent  the  mechanical  destruc- 
tion of  ties,  on  account  of  the  heavy  service  conditions,  the  screw  spike 
will  not  be  successful  until  the  cure  for  its  shortcomings  has  been  dis- 
covered. 

Yours  truly, 

(Signed)     W.  C  Cushing, 
Chief  Engineer  Maintenance  of  Way." 

Since  then,  an  editorial  has  been  published  in  tin-  Engineering  News- 
Record,  Feb.  28,  1918,  page  390,  calling  attention  to  two  points  espe- 
cially : 

(1)  The  condition  of   the   wood  at  the  holes  of   screw   spikes  and   drive 

spikes,  and 

(2)  The   shape   and   size   of   the   screw   thread. 

The  Engineers  of  the  Pennsylvania  System  have  been  endeavoring 
for  a  great  many  years  to  find  the  screw  spike  to  be  a  successful  track 
fastening,  and  other  experiments  than  the  elaborate  one  described  in 
Bulletin    No.  200   have   been    carried    on    and   the    results    of    some   of    them 

already  published   in   tin-   Proceedings  of  our  Association. 

A  report  on  another  one  of  these  service  tests  has  been  scut  in.  and 
the  writer  is  offering  it  as  additional  evidence  in  discussion  of  the  work 
of  the  Pennsylvania  Engineers  to  obtain  as  thorough  a  knowledge  as 
possible  of  the  qualities  of  the  screw  spike  as  a  track  fastening  and  de- 
termine whether  it  should  he  adopted  for  use  oil  their  lines.  They  were 
unwilling  to  make  the  radical  change  unless  the)  found  the  results  of 
their  trials  would  warrant  it.  Something  relative  to  the  condition  of 
iln  "Tew  spike  boles  and  the  effort  to  restore  them  to  good  condition, 
by  the  use  of  the  Collet  trenail,  is  given  in  the  report  ,,\  these  tests 
east   of   I'rbana,  Ohio,   and    between    I'lluna   and    St     Paris,   Ofl    the    Indian 

apolis  Division  of  the   Pennsylvania   Lines. 
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When  making  preparations  for  the  screw  spike  and  tie  plate  t< 
Pennsylvania  Railroad  at  Birmingham  and  Wooster,  described  in 
Bulletin  No.  3X*.  it  was  first  considered  necessary  to  decide  upon  the 
correct  design  for  the  screw  spike  which  was  to  be  used,  as  the  French 
spikes  used  in  the  Scio  test  and  the  spikes  used  in  the  tests  east  and 
i  hana  were  found  to  be  rather  too  small  for  our  service,  al- 
though as  large  as  the  cut   spikes   in  common  use.     The   study  of   design 

carried  on  by  obtaining  information  in  Europe,  where  the  screw 
spike  was  u^ed  more  than  elsewhere,  and  special  attention  was  given  to 
the  form  and  size  of  the  thread  and  size  of  the  hole  to  be  bored  with 
reference  to  the  size  of  the  spike,  and  other  details  in  connection  with 
it.  The  Editor  of  Engineering  News-Record  will  therefore  find  the 
answer  to  his  question  about  the  thread  in  Proceedings.  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association,  1909.  Volume 
10,    I 'art   2.     The   final   conclusion   as  a  result  of  the   study   is   given   on 

1465,  and  a  drawing  of  the  design  to  be  used  in  the  Pennsylvania 
experiments  accompanies  it.     This  was  the  best  information   which  could 

tained  at  that  time,  but  of  course  it  does  not  follow  that  the  design 
of  spike  is  the  one  which  would  be  found  to  be  the  most  successful  under 
American  railroad  conditions,  and  therefore  it  is  quite  pertinent  to  have 
the  question  raised. 

All  of  these  tests  and  experiments  of  the  Pennsylvania  Railroad 
System  are  full  proof  that  the  Pennsylvania  engineers  have  not  drawn 
their  conclusions  hastily,  but  have  made  many  trials  to  bring  out  the 
relative  qualities  of  the  screw  and  cut  spike.  Their  trials  indicate  that 
they  have  not  yet  found  the  screw  spike  which  can  be  considered  as 
sufficiently  successful  for  use  on  their  system,  where  the  traffic  is  heavy, 
and  it  will  be  noticed  that  the  traffic  is  of  widely  different  density  on 
the  different  portions  of  the  lines  where  these  tests  have  been  conducted, 
the  density  at  Birmingham  being  greater  than  on  any  other  railroad  track 
in  existence.  The  density  east  and  west  of  Urbana  is  much  smaller,  be- 
ing 1,030,000  tons  per  month,  or  about  one-quarter  of 'that  at  Birming- 
ham. 

Trials    East  and  Wesi   ok   Urbana,  Ohio. 

These  icst.  were  undertaken   for  the   following  purposes: 
I  1  I   To  ascertain  the  value  of  the  catalpa  wood  as  a  cross--tie,  in  dura- 
bility  and   all   other   respects. 
(2)    To    test    the    value    of    the    screw    spike    ;is    a    track    fastening,    which 
would  enable  us   t"  obtain   the   full   life  of  a  catalpa   wood  cross- 
tie,    under    the    supposition    that    catalpa    would    last     very    much 
longer   than    the   oak    ties,    if    fully    protected    against    mechanical 
itruction. 
'3)     ["o  test    the   adjustable   clip,    used    with    screw    spikes    in    Germany,    in 
order   to   correct   defects   in   gage    from   time   to  time. 
1      i  atalpa  Ties     Mr.  John  F.  Miller,  for  mam  years  General  Super- 
intendent  of   the    Southwest    System,    Pennsylvania    Lines,   and   afterwards 
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Vice-President  of  the  Cleveland,  Akron  &  Columbus  Railway,  a  sub- 
sidiary of  the  Pennsylvania  Lines,  planted  125,000  catalpa  trees  on  the 
Indiapapolis  and  Richmond  Divisions,  along  the  right-of-way  on  both 
sides  of  the  track,  one-quarter  of  them  being  placed  between  Logansport 
and  Richmond,  Indiana,  and  the  remaining  three-quarters  between  Colum- 
bus, Ohio,  and  Indianapolis,  Indiana.  The  trees  were  planted  more  as 
an  expression  of  Mr.  Miller's  love  of  nature  and  the  adornment  of  the 
right-of-way  by  beautiful  trees  of  limited  growth  than  from  the  intention 
of  raising  wood  for  cross-ties.  These  seedlings  were  set  out  in  1887  and 
1888,  and  it  was  many  years  before  the  enlargement  of  the  railroad 
facilities  began  to  encroach  upon  them.  They  were  gradually  found, 
however,  to  stand  in  the  way  of  progress  in  this  enlargement,  and  it 
was  necessary  to  begin  cutting  them  down.  Those  which  were  found 
to  be  of  sufficient  size  were  cut  up  into  cross-ties,  while  the  remainder 
were  used  for  fence  posts.  Mr.  J.  P.  Brown,  in  his  book  called  "Prac- 
tical Arboriculture,"  paid  his  respects  to  these  trees  in  the  following 
words : 

"The  unfortunate  mistake  of  the  Pennsylvania  Railway  Company  in 
planting  200,000  bignonioides  and  hybrid  catalpa  trees  in  Indiana,  twenty 
years  ago,  in  a  dense  sod  along  the  track,  in  totally  neglecting  these 
trees  for  twenty  years,  and  permitting  them  to  be  mutilated  by  telegraph 
linemen,  any  one  of  which  causes  would  prove  fatal  to  the  success  of 
the  experiment,  is  made  the  basis  of  a  covert  attack  upon  the  catalpa 
speciosa,  and  from  the  prominence  of  the  paper,  is  calculated  to  do  great 
harm  by  discouraging  the  planting  of  these  trees   by  others." 

It  is  now  well,  therefore,  to  correct  this  erroneous  statement  of  Mr. 
Brown's,  by  giving  the  true  reason  for  planting  the  trees.  Of  course, 
it  would  have  been  much  more  satisfactory,  considering  the  ultimate 
fate  of  the  trees,  to  have  had  them-  of  the  speciosa  variety  instead  of 
the  bignonioides.  They  have  not  come  up  to  expectations  in  durability 
in  these  tests,  but  nevertheless  they  have  given  fairly  reasonable  serv- 
ice, numbers  of  them  being  still  in  the  track.  It  will  be  noticed  that 
both  in  this  test  and  in  the  test  at  Birmingham  it  is  difficult  to  make 
the  very  soft  ties  last  a  sufficient  length  of  time  under  very  severe  punish- 
ment. We  have  not  then  succeeded  in  introducing  a  sufficiently  large  tie 
plate  for  satisfactory  protection.  It  has  always  been  the  tendency  to 
make  very  small  increases  in  the  size  of  tie  plates,  but  in  the  Birming 
ham  and  Wooster  tests  the  attempt  has  been  made  to  make  a  large 
stride  ahead  and  find  out  how  really  large  a  tie  plate  must  he  to  proteel 
the  tie  thoroughly  and  avoid  cutting  into  it. 

2.  Screw  Spike.  The  screw  Spike  in  these  trials  was  a  failure,  as 
is  evident  from  reading  the  report  of  the  engineer  in  charge,  and  two 
■  if    the   causes   may    he   collsidci  ed    ^ 

(a  I       I  'ndeisi/e,    ami 

i  li )     ( Corrosion 
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The  photographs  show  the  effect  of  corrosion  very  clearly,  and  that 
■  ten  a  very  troublesome  problem  on  the  Pennsylvania  Lines  for  a 
long  time.  It  has  been  proved  by  long  experience  that  it  can  be  taken 
care  of  better,  up  to  the  present  time,  with  the  cut  spike  than  with  the 
screw  spike.  Tliat  is  one  of  the  additional  problems  in  connection  with 
it:  how  to  replace  a  corroded  screw  spike  with  a  new  one  in  a  sound  hole. 
It  emphasizes  the  statement  already   made  by  the   writer  to  the  Railway 

3.  Adjustable  Clip.  It  was  the  intention  in  this  trial  to  find  out  if 
the  adjustable  clip  in  use  in  Germany  would  be  suitable  for  use  in  this 
country,  in  order  to  keep  the  track  in  proper  gage,  which  is  an  essen- 
tial attribute  of  any  track  fastening.  This  lack  of  adjustability  with  the 
screw  spike  lias  been  a  serious  defect  in  its  success,  and  was  pointed  out 
in  the  Birmingham  tests.  The-  failure  of  the  screw  itself,  however,  in 
these  tests  cast  and  west  of  Urbana,  prevented  us  from  determining  with 
finality  the  value  of  the  adjustable  feature  of  the  clip.  It  was  not  satis- 
factory in  these  tests,  but  other  trials  might  correct  some  of  the  troubles 
experienced  with  it,  provided  the  difficulty  with  corrosion  can  be  over- 
come.    The  photographs  show  how  badly  corroded  they  were. 

The  results  of  the  trials  and  studies  of  the  Pennsylvania  Lines 
engineers  have  now  been  placed  before  the  railway  engineering  public, 
and  it  has  been  clearly  shown  that  there  are  serious  defects  with  screw 
fastenings  under  specific  conditions,  and  the  problem  remains  to  correct 
those  defects  and  make  the  screw  spike  a  satisfactory  track  fastening, 
if  it  can  be  done.  No  emphasis  has  been  laid  upon  the  additional  cost 
which  was  found  in  the  Birmingham  and  Wooster  tests,  as  the  main 
object  of  the  investigation  was  to  determine  the  real  value  of  the  screw 
spike  as  a  rail  fastening,  but  nevertheless,  in  the  final  roundup,  the  ques- 
tion of  cost  must  also  be  considered. 

Pennsylvania  Links  West  of  Pittsburgh. 

sol    rHWEST   SYSTEM — INDIANAPOLIS   DIVISION. 

DESCRIPTION  <>!•  EXPERIMENT  WITH  CATALPA  CROSS-TIES 

AND  SCREW  SPIKES,  EAST  OF  URBANA,  OHIO,  AND 

EAST  OE  ST.  PARIS,  OHIO, 

DECEMBER  31,  1917. 

By  P.  S.  Bazler,  Assistant  ox  Engineer  Corps. 

East  of  Urbana,  Ohio. 

During  the  month  of  July,  1907,  122  untreated  catalpa  ties,  cut  from 
planted  along  the  right-of-way  near  Unionville  and  Mil  ford  Cen- 
►hio,  in  1887,  were  placed  in  the  Eastward  Main  Track  about  one 
nub  easl  of  Urbana;  Ohio.  There  were  17  ties  laid  to  a  33-foot  rail 
length,  making  in  all  237  feet  of  track.  Six-inch  screw  spikes  without 
clips  were  used  with  Goldie  Tie  Plates,  four  screw  spikes  being  placed 
in  each  tic. 

The  track  at  this  point  is  on  tangent,  with  gravel  ballast  and  a 
grade  of  0.7  per  cent   ascending  eastwardly  and  laid  with  85-lb.  A.  S.  C.  E. 
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section  rail.    (See  location  plan  No.  4653  attached,  marked  "Exhibit  A.") 

In  1906,  120  white  oak  ties  with  6-inch  standard  cut  spikes  were 
placed  in  the  Eastward  Main  Track  just  east  of  the  catalpa  ties  and 
were,  therefore,  subject  to  the  same  conditions.  It  was  decided,  there- 
fore, when  the  catalpa  ties  were  placed  in  the  track,  to  compare  the 
life  of  catalpa  ties  and  oak  ties  as  well  as  to  experiment  with  screw 
spikes.  In  1915  after  the  screw  spikes  had  been  removed,  the  85-lb.  rail 
was  renewed  with  100-lb.  P.  S.  type  rail  over  both  the  catalpa  and  the 
white  oak  ties. 

After  an  inspection  by  the  Division  Engineer  in  November,  1913, 
it  was  decided  that  the  track  would  have  to  be  gaged  at  once  in  order 
to  maintain  it  in  a  safe  condition.  The  condition  of  the  ties  was  such 
that  the  plugging  of  the  holes,  so  as  to  replace  the  screw  spikes,  wa< 
not  warranted  since  previous  experience  with  catalpa  ties  in  other  loca- 
tion s  indicated  that  the  ordinary  spike  would  hold  the  rail  better  dur- 
ing the  remaining  life  of  the  ties.  The  experiment  on  the  screw  spikes 
was,  therefore,  discontinued  and  the  tie  plates  and  screw  spikes  were 
removed  and  renewed  with  standard  tie  plates  and  6-inch  standard  cut 
spikes.  The  comparison  between  the  catalpa  and  white  oak  ties  was. 
however,  continued  and  is  still  in  progress  with  results  to  date  as 
follows : 

Catalpa  ties  removed  to  date — 57  or  47  per  cent,  of  total — average  life 
9.33  years. 

White  Oak  ties  removed  to  date— 71  or  59  per  cent,  of  total— average 
life  9.34  years. 

The  experiment  on  screw  spikes  was  discontinued  for  the  following 
reasons : 

1.  Tt  was  found  that  the  lateral  resistance  was  not  great  enough 
to  maintain  proper  gage  due  to  the  loosening  of  the  screw  in  the 
tie.     No   device   for   adjusting  gage   was   used   on   this   piece  of   track. 

2.  Both  rails  were  found  to  be  canted  to  some  extent. 

3.  The  tie  plates  and  screw  spikes  were  corroded  very  badly,  espe- 
cially under  the  south  rail.  (See  photograph.)  This  was  probably 
aggravated  to  some  extent  by  the  action  of  salt  water  from  refrigerator 
cars. 

No  record  of  the  cost  of  installation  and  maintenance  was  kept  for 
this  piece  of  track  and,  therefore,  no  comparison  can  be  made  with  other 
track  on  this  point. 

East  of  St.  Paris,  Ohio. 

During  the  month  of  September,  1909,  495  untreated  catalpa  ties,  cut 
from  trees  planted  along  the  right-of-way  in  1887  and  1888,  were  placed 
in  the  Eastward  main  track  near  Milt-  Post  54  as  shown  on  the  attached 
plan  4652-A  marked  "Exhibit   I'." 

These-  tics  wire  wider  than  the  standard,  so  weir  placed  16  to  the 
33-foot  rail  length,  making  in  all  1018  feet  of  track.  Screw  spikes  1  in.  \ 
o'^in,    speeial    rolled    steel    tie'    plates    and    malleable    iron    adjustable    clips 

were  used  in  connection  with  these  ties  as  shown  on  Chief  Engineer's 
plan  Xo.  7XX4  attached,  and  marked  "Exhibit  C."  Tin-  method  of  spiking 
is  shown  on  tin-  plan  first  above  mentioned.  Two  hundred  and  fifty  ties 
wrie  placed  on  tangent  and  245  on  a  2-degree  -01-minute  curve  and 
spiral  thereto,  all  in  gravel  ballast  under  85-lb.  P.  S.  rail  and  on  a  grade 
of  1.1  per  cent,  descending  eastwardly.  This  track  with  minor  repairs 
gave  good  service  until  April,  1913,  when  inspection  showed  that  loosened 
spikes  had   allowed   the   rail  to  push   under   the   shoulder  of  the  clip,    widen 

ing  the  gage  and  creating  a  dangerous  condition,  \l><>ut  s  per  cenl  of 
the  spikes  were  loose,  being  aboul  equally  divided  between  the  curve  and 
tangent,  and   in   order  to   maintain   safe   gage   it    was   though!   necessarj 


Lm;(  51  REW  SPIKE  AND  TIE  PLATE  TEST. 

,,,  drive  an  ordinary  (>'  .--in.  cut  spike  in  each  tie  on  the  outside  of  the 
low  rail  on  the  curve.  Holes  which  were  so  worn  that  the  screw  spikes 
would  not  hold  were  plugged  with  ordinary  tie  plugs  and  the  screw 
•.pikes   were  then   replaced. 

This  would  not  hold  the  spikes  and  in  August.  1913,  572  loosened 
screw  spikes  were  removed,  the  holes  plugged  with  special  white  oak 
plugs  previously  dipped  in  tar  and  the  spikes  replaced  in  these  plugs. 
After  the  plug  was  driven,  a  11/16-inch  hole  was  bored  with  a  ship 
auger  and  the  spike  screwed  home  with  a  special  hand  wrench.  Some 
difficulty  was  experienced  in  drilling  the  hole  in  the  center  of  the  plug. 
This  plug  and  special  hand  tools  used  for  replacing  spikes  are  shown 
on  attached  plan  marked  "Exhibit  D." 

This  method  was  found  to  work  fairly  well  when  the  ties  were  good 
and  additional  plugs  were  installed  from  time  to  time  as  the  spikes 
became  loose,  but  as  the  ties  became  had  the  plugs  would  loosenup, 
and  in  Ma\,  1914,  it  was  found  necessary  to  install  a  number  of  85-lb. 
P.  S.  tie  plates  with  ordinary  6'/>-in.  cut  spikes,  replacing  the  cupped 
plates  and  screw  spikes  on  the  low  side  of  the  curve  in  order  to  main- 
tain -ate  track.  This  practice  was  continued  as  found  necessary  until 
April,  1915,  when  upon  inspecting  this  track  about  half  of  the  screw 
spike  were  found  to  he  loose  and  not  properly  holding  the  rail  due  to 
a  rusted  condition  of  the  spikes  and  wear  and  decay  in  the  hole 
number  of  the  spikes  could  he  lifted  out  with  the  fingers.  On  account 
of  the  high  speed  at  this  point  and. the  partly  decayed  condition  of  the 
il  was  considered  unsafe  to  attempt  to  hold  the  track  longer  with 
screw  spikes,  and  this  experiment  was  therefore  closed,  the  tie  plates 
removed  and  ordinary  cut  spikes  with  ('.oldie  tic  plates  substituted 
in  their  places.  The  total  length  of  the  experiment  was  five  years  and 
eighl  months.  A  record  of  the  life  of  the  catalpa  ties  is  still  being  kept, 
however,  with   results  to  date  as   follows: 

TIES   RF.MdV!  1 1 

Date  removed  No.  removed 

1013  45 

1914  0 

1915  19 

1916  140 

1917  145 

Total  349  -'434 

Average  life  of  ties  to  date  =  6.97  years. 
Per  cent,   ties   removed  =  70.5  per  cent. 

G0S1    ok    INSTALLATION    OK   TIES    AND    SCRFW    SpjkK-. 

As   the  timber    from    which   the   ties    were   cut  was   grown  along   the 

right-of-way    there    was    no    original    cost    of    ties  other    than  the    labor 
cutting  and  hewing. 

Item                                                          Number    Total  cost  Unitcotf 

Cutting,  hewing  and  handlii                    495  137.2(1  0.2772 

Placing  in   track,  exclusive  of  lining   and   Mir- 

facing    495  155.10  0.3133 

Total  com     Ties  in  place 495  292.30  0.5905 


of  ties 

No.  lie — years 

4 

180 

5 

0 

6 

114 

7 

980 

8 

1160 
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Item  Number     Total  cost  Unit  cost 

Special  rolled  85-lb.  P.  S.  steel  tie  plates 990  179.46  0.1813 

Malleable    Iron    adjustable    clips 3276  124.82  0.0381 

1-in.  x6>4-iri.  screw  spikes   3276  175.27  0.0535 


Total  cost  rail  fastenings 479.5; 


Total  cost  rail  fastenings  and  installation.  771.85 

Cost  per  foot  of  track 0.758 

Cost  per  mile  of  track 4002.00 

COST   OF    MAINTAINING    TRACK    WITH    SCREW    SPIKES. 

(Sept.,  1909,  to  April,  1913.) 

Cost  per  mo. 

Cost  for              Cost  Per  mile 

Items  of  maintenance                        68  months       Per  month  of  track 

Surfacing  89.26                1.31  6.80 

Lining 1.65                  .03  .16 

Gaging 31.82                  .47  2.44 

Tightening  rail   fastenings 30.68                   .45  2.34 

Renewing  rail  fastenings 86.70                 1.28  6.65 

Tightening  joint  bolts 23.40                   .34  1.75 

Renewing  joint  holts 10.43                   .15  .78 

Total  labor   273.94  4.03  20.92 

Total  Material  used   126.95  1.87  9.70 

Grand  total   400.89  5.90  30.62 

This  cost  does  not  include  the  cost  of  renewing  45  decayed  catalpa 
ties  with  oak  ties  in  1913,  at  a  cost  of  $76.89,  distributed,  $19.65  to  Labor 
and  $57.24  to  Material. 

COST   OF    SPECIAL    OAK    PLUGS. 

The  special  white  oak  plugs  mentioned  above  were  made  at  Columbus 
Shop  at  a  cost  of  Y>  cent  each,  and  the  average  cost  of  plugging  the  holes 
and  replacing  the  spikes  was  6  cents  each,  or  a  total  of  6j^  cents  per 
spike  tightened  in  this  manner.  This  cost  is  very  high,  hut  if  a  large 
number  of  ties  were  to  he  plugged  before  being  placed  in  the  track  at 
central  point  when  power  drills  could  In-  used  this  cosl  would  probably 
be  reduced  a  considerable  amount. 

The  total  tonnage  over  this  track  for  the  68  months  wa-  70,000,000, 
or  an  average  of   1,030,000  tons   per   month 

The  following  conclusions  were  derived  from  the  experiment  on  this 
piece   of   track  : 

1.— Proper  gage  could  not  be  maintained  with  sen  u  spikes  in 
catalpa  ties,  due  to  the  Loosening  of  the  spike.  Although  tin- 
could  be  corrected  with  the  adjustable  clips,  the  effeel  was  only  tem- 
porary, as  the  screws  would  again  loosen  and  allow  the  rail  to  push  in 
under  the  shoulder  of  the  clip.  This  allowed  the  rail  to  spread,  creating 
a  dangerous  condition. 

2. — The    tie    plates    used    in    this    experiment     were    too    lighl     for    the 

heavy  traffic,  causing  the  ties  to  he  cut  badly. 

3. — The   initial   cost   as    well   as   the  cosl    of   maintenance    is   higher 

with    screw    spikes    than    with    cut    spiki 

4.— Screw  spikes  cannol  he  tightened  sufficients  after  the  head  has 
corroded,  as  the  wrench  will  not  hold.  This  same  objection  would  apply 
to  removing  rusted  spikes  in  order  ti>  install  new  ones. 
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i    average  life  of  ties  to  date  for  this  piece  of  track  is  about 
than  thai  of  the  same  class  of  ties  in  the  piece  of  track 
if   Urbana.     This  is  attributed   to   poorer  drainage  conditions   and 
higher  speed. 

These  experiments  would  seem  to  indicate,  everything  considered, 
thai  screw  spikes  a-  a  rail  fastening  arc  inferior  to  the  ordinary  cut 
spik<  s,  and  that  this  is  especially  so  in  catalpa  or  other  so*ft  wood  tie-. 
although  many  of  the  objections  would  apply  regardless  of  the  kind  of 
tie  used. 

While  it  appears  that  the  catalpa  ties  resist  decay  about  as  well  a- 
the  white  oak  ties,  the  wood  is  softer  and  cuts  under  heavy  traffic, 
unless  tie  plates  of  sufficient  size  are  used,  and  is  probably  damaged 
more  in  spiking  than  oak  ties. 
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Catalpa   Trees  on    Right-of-way,   West  of   Hilliards,   Ohio. 
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Typical  Screw-Spikes   and  Tie   Plates   Used  with   Catalpa  Ties. 
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Screw  Track  Fastenings  for  Soft  Wood  Ties 
With  Tie  Plates. 
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Condition  of  Ties  on  Under  Side, 
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Condition  of  Ties  Undef  Plates. 
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DESIGN  OF  DOCKS  AND  WHARVES. 

By  W.  H.  Hoyt, 
Assistant  Chief  Engineer,  Duluth,  Missabe  &  Northern  Railway  Company. 

PREPARED    FOR    THE    COMMITTEE    ON    WOODEN    BRIDGES 
AND   TRESTLES. 

To  clear  the  misunderstanding  from  our  subject,  "Docks  and 
Wharves,"  the  word  "dock"  being  used  frequently  to  mean  a  wharf  or 
pier,  various  authorities  are  here  quoted  to  show  the  distinction. 

"Haswell :  'Dock,'  in  Marine  Architecture;  an  enclosure  in  a  har- 
bor or  shore  of  a  river,  for  the  reception,  repair  or  security  of  vessels 
or  timber.  It  may  be  wholly  or  only  partially  enclosed.  When  applied 
to  a  single  pier  or  jetty,  it  is  misapplication." 

"'Pier,'  in  Marine  Architecture;  a  mole  or  jetty,  projecting  into  a 
river  or  sea,  to  protect  vessels  from  the  sea,  or  for  convenience  of  their 
lading.  Erroneously  termed  a  Dock."  Thus  Haswell  early  noted  the 
confusion  of  ideas  and  attempted  to  correct  them. 

"Trautwine :  'Dock,'  an  artificial  enclosure  either  partial  or  total, 
in  which  ships  and  other  vessels  are  placed  for  being  loaded  or  unloaded 
or  repaired.     The  first  is  a  wet  dock,  the  last  a  dry  one." 

"  'Wharf,'  a  level  space  upon  which  vessels  lying  along  its  side  can 
discharge  their  cargoes,  or   from  which  they  can  receive  them." 

"Albert  I.  Frye :  A  Dock  is  an  artificial  receiving  basin  for  water 
craft — for  loading,  unloading,  repairing,  etc.  It  need  not  necessarily  be 
'closed'."  A  common  form  of  dock  is  the  "open"  basin  between  adjacent 
wharves  or  piers  ;  thus,  we  speak  of  "docking"  a  vessel,  or  bringing  her 
up  alongside  one  of  the  wharves  or  piers. 

Where  the  rise  and  fall  of  the  tide  is  excessive  and  would  interfere 
with  loading  and  unloading,  these  are  provided  with  gates  which  are 
opened  only  at  full  tide.  It  is  but  a  step  from  the  common  "closed"  dock 
to  the  "Graving  Dock." 

"A  Wharf  is  essentially  a  platform  structure  projecting  outward 
from  the  shore,  and  alongside  of  which  watercraft  may  be  moored  foi 
the  exchange  of   freight  or  passengers." 

"The  term  'Quay'  is  applied  distinctly  to  a  wharf  which  skirts  the 
shore,  and  runs  about  parallel  with,  and  extends  to  no  great  distance 
beyond  the  shore  line." 

"A  Pier,  on  the  other  hand,  is  a  wharf  which  projects  outward  from 
the  shore  a  considerable  distance;  is  supported  usually  on  piles  and 
(foundation)  piers;  and  hence  lias  'open  waterways'  beneath  t lie  plat- 
forms." 

"A    Ferry    Slip    is   a    dock    for    B    ferry    boat." 
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"A  Graving  Dock  (commonly  called  a  Dry-Dock)  is  an  excavated 
basin  into  which  a  vessel  can  be  floated,  the  gates  closed,  the  water 
forced  out  and  the  hull  exposed  for  inspection,  repairs,  cleaning,  paint- 
ing, etc." 

"A   Floating  Dock   (commonly  called  a  Floating  Dry-Dock)   is  what 
its  name  implies  and  need  not  be  denned." 
Conception. 

By  conception  of  a  dock  and  wharf  we  mean  the  act  of  the  primary 
creator  of  the  general  idea  who,  as  a  railroad  president,  corporation 
director  or  property  owner,  conceives  or  puts  together  the  plan  of  con- 
structing and  operating  a  dock  and  wharf,  building  his  thought  from  a 
mass  of  separate  ideas,  business  conditions,  laws  and  physical  conditions. 
He  starts  from  a  nebulous  mass  of  information  with  or  without  few 
factors  of  evaluation  of  the  numerous  parts  and  directs  the  project  into 
engineering  channels,  from  which  comes  the  final  development  and 
structure.  The  Engineer,  because  of  the  knowledge  he  possesses  of  the 
properties  and  use  of  materials,  their  costs  and  relative  economies,  may 
even  be  called  into  or  delegated  to  solve  the  problem  in  its  conception 
as  well  as  develop  the  plan. 

Therefore  the  problem  of  the  conception  of  the  plan  is  outlined  here 
before  taking  up  the   factors  of  design. 

If  it  were  possible  to  give  each  factor  of  design  a  value  the  problem 
might  be  reduced  to  a  mathematical  basis,  but  the  factors  are  variable 
and  can  only  be  expressed  in  general  terms  until  a  definite  problem  is 
studied. 

In  conceiving  the  general  plan  or  scheme  of  a  dock,  wharf  or  water- 
front improvement,  the  character  of  the  service  to  be  rendered  or  the 
mission  of  the  completed  property  is  of  first  importance.  A  dock  and 
wharf  is  a  means  to  an  end.  Except  as  the  means  determines  the  oper- 
ating cost,  the  choice  of  the  means  is  of  less  importance  than  the  ac- 
complishment of  the  ends.  That  plan  which  accomplishes  the  end  with  the 
lowest  cost  per  year  is  the  most  economical.  We  must  include  in  the 
cost  per  year  charges  which  will  secure  all  original  invested  capital.  Each 
kind  of  business  or  service  has  its  own  peculiar  requirements  which  call 
for  appropriate  qualities  in  the  character  of  the  dock  and  wharf. 
Dock. 

By  the  definition  given  above,  the  dock  being  the  water  basin 
adjacent  to  the  wharf  and  serving  the  purpose  of  giving  approach  to 
the  wharf  for  appropriate  vessels,  is  of  fewer  and  simpler  details.  It 
partakes  of  the  qualities  of  any  sea  road,  that  is,  sufficient  room  to 
maneuver  the  boats  with  ease  and  dispatch,  including  boats  of  the  present 
size  and  future  increased  size,  sufficient  frontage  on  wharf  to  accom- 
modate the  required  number  of  vessels  with  depth  to  float  loaded  ves 
sels  of  the  present  draft  and  future  design. 

Consideration  must  be  given  to  allowing  space  enough  for  mainte 
nance  and  dredging  operations  if  the  conditions  are  liable  to  cause 
changes   in   the   depth   of   water. 
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The  vessels  inside  the  dock  should  not  be  unnecessarily  exposed  to 
rough  water,  and  if  possible  the  plan  should  be  such  as  to  secure  favor- 
able conditions  at  the  entrance  for  boats  during  rough  weather  and 
various  phases  of  the  tide. 

In  some  cases  the  dock  may  be  constructed  on  line  of  two  adjacent 
properties  of  different  ownership,  the  dock  area  being  chosen  sufficient 
to  serve  both  properties.  The  total  area  thus  devoted  to  water  surface 
may  be  less  than  the  area  required  if  both  parties  were  to  build  separate 
docks.  Dock  property,  which  includes  the  land  under  the  water,  avail- 
able for  construction  of  both  dock  and  wharf,  has  risen  in  value  in 
recent  years  and  economy  in  the  plan  which  will  minimize  the  area  wasted 
in  waterway  is  greatly  to  he  desired.  Community  developments  of  dock 
property  are  very  important.  The  United  States  Government  has  spent 
large  sums  of  money  in  developing  harbors  and  approaches  thereto  and 
will  continue  to  do  so.  This  cost  is  borne  indirectly  by  all  and  economy 
in  use  of  the  frontages  on  these  harbors  will  lessen  the  total  amount 
required  to  he  spent  on  harbor  development,  besides  producing  the 
greatest  returns  to  each  individual  property. 

Sometimes  the  dock  work  is  reduced  to  a  minimum  because  the  neces- 
sary service  is   secured  by  a  pier  run  out  into  deep   water. 

Wharf. 

The  general  scheme  will  often  he  started  with  limitations  of  property 
available  either  hecause  of  prohibitive  cost  or  the  finished  development 
of  adjoining  property  by  other  owners.  The  shape  of  parcels  of  water- 
front property  is  more  liable  to  be  irregular  than  regular,  sometimes 
approaching  the  square,  at  other  times  a  long  strip  between  other  strips. 
Sometimes  when  the  shape  is  suitable,  the  approaches  unsatisfactory 
because  of  developments  of  industries  and  surrounding  communities. 
The  facility  of  approach  with  the  railroad  tracks,  complications  of  manu- 
facturing and  improved  properties,  general  natural  layout  of  the  ground 

over  which  the  approaching  railroads  are  to  operate,  may  materially  alter 
the  general  conception.  These  predetermined  conditions  may  force  un- 
satisfactory arrangements,  but  care  must  he  given  to  eliminate  constric- 
tions at  any  point  on  the  approach  which  will  develop  neck-of-the-hottle 
effects   and   limit   the    full    use  of   the   property. 

Change  in  value  of  real  estate  and  dock  property  should  he  con- 
sidered. Property  may  become  too  valuable  for  use  as  originally  in- 
tended and  require  a  change  to  justify  the  interest  charge  which  is 
always  to   he   governed   by   present  values. 

Having  in  mind  the  property  to  he  used,  the  possible  approaches  t" 
it  and  the  nature  of  service  to  he  rendered  hy  the  developed  work,  a 
further  discussion  of  the  determining   Factors  is  given  to  show  how    >\  d 

the  divergence  h iception  may  go.     With  many  factors,  some  natural 

.mil  unchangeable,  some  man  made  and  changeable,  some  hnsiness  and 
economic  which  are  man-  or  community-made,  hm  of  such  nature  .1- 
nol  t"  he  altered  to  any  large  degree,  each  person  who  has  the  d 
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judging  will  put  a  different  valuation  and  develop  a  different  conception. 
Each  factor  has  a  different  valuation  for  a  short  life  structure  than  for 
a  long  time  development. 

The  character  of  the  service  to  be  rendered  is  of  prime  importance. 
The  effort  should  be  to  get  the  best  degree  of  service  because  the  welfare 
of  the  business  depends  upon  the  quality.  Success  in  service  promotes 
success  in  business. 

Failure  to  select  a  layout  which  gives  the  best  service  will  surely 
lead  to  a  revampng,  a  process  which  nearly  always  entails  loss  of  capita!. 

Passenger   Service. 

If  the  plant  is  to  accommodate  passenger  service,  its  arrangement 
as  to  safety  and  convenience  should  be  given  careful  attention.  Ease  of 
transferring  passengers  from  trains  or  from  land  approaches  to  floating 
equipment,  ample  room  for  allowing  rapid  and  safe  movements,  are 
factors  which  will  largely  control  the  general  conception,  as  will  also 
the  passenger  service  whether  ocean-going,  long  voyages  or  short-voyage 
ferry  service.  The  character  and  number  of  passengers  handled  in- 
fluence the  valuation  to  lie  given  to  convenience  and  comfort.  Passenger 
service  coming  in  contact  with  human  and  psychological  factors  requires 
.1  higher  state  of  perfection,  dependability  and  safety,  especially  so  if  in 
competition. 

Freight  Service. 

If  th  service  is  that  of  handling  freight  there  are  even  more  factors 
arising  which  will  influence  the  arrangement.  To  handle  miscellaneous 
package  freight,  its  adaptability  to  the  use  of  loading  and  unloading 
machinery,  to  the  movements  of  freight  from  floating  to  rolling  equip- 
ment, or  vice  versa,  must  be  considered. 

To  handle  bulk  freight  such  as  coal  and  iron  ore  either  from  boats 
tn  dock-  or  from  stock  piles,  docks  or  cars  to  floating  equipment  requires 
an  entirely  different  class  of  structure  from  that  designed  to  handle 
package  Freight  exclusively.  The  former  may  be  exposed  to  the  weather, 
the  latter  may  require  protection  of  warehouses.  The  character  and 
weight  of   freight  affect  the  storage  and  working  areas  required. 

The  character  of  the  boats,  whether  ocean,  lake,  canal  or  river-going, 
whether  they  are  standardized  and  whether  they  are  equipped  with 
freight-handling  machinery,  has  a  very  important  bearng  on  the  wharf 
requirements. 

Great    Lake    boats    for    ore,    grain    and   coal    carrying    are    fairly    well 
standardized.     Canal    service   tends   to   standardization.      Ocean-going 
sels  are  more  varied  in  character. 

Labor  conditions  and  character,  transient  or  stable,  influence  the 
amount   of  machinery   required    for  handling    freight. 

Ownership. 

If  the  dock  and  wharf  property  is  owned  and  to  be  developed  by  an 
owner    having    diversified    freight    and    passenger    business    to    transact,    a 
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careful  composition  of  all  the  factors  of  possible  business  development 
will  be  necessary. 

The  relation  between  the  ownership  of  the  docks  and  transporta- 
tion equipment  calls  for  attention.  If  the  ownership  of  both  is  in  the 
same  interests  greater  permanence  to  the  business  justifies  broader  de- 
velopment of  the  property. 

At  the  present  time  the  tendency  toward  government  ownership  and 
control  may  influence  the  amount  of  the  expenditure  to  be  made.  In 
case  of  a  transfer  of  ownership  a  permanent  structure  would  bring  a 
larger  proportion  of   returns  than  one  of  temporary  character. 

Taxation. 

On  the  other  hand,  other  conditions  of  public  sentiment  may  tend  to 
heavy  taxation  of  the  corporation  and  its  property,  thus  the  advantages 
to  be  gained  by  expending  money  in  permanent  construction  would  be 
offset  by  the  additional  taxes  on   such  property. 

lusurance. 

The  fire  hazard  and  insurance  rate  on  property  of  this  kind  is  very 
important.  If  located  in  the  immediate  vicinity  of  structures  whose 
materials  increase  the  fire  hazard,  fire  resistant  construction  would  be 
advisable.  Kates  of  insurance  in  different  localities  should  be  carefulh 
considered. 

Natural   Conditions. 

The  height  of  the  structure  is  often  determined  by  it--  location  or 
a  shore  line  subject  to  rise  and  fall  of  the  water  due  to  tides,  wind 
action  or  flood  conditions  of  a  river. 

The  action  of  salt  water  upon  different  structural  materials,  the 
climatic  and  atmospheric  conditions,  deca\  and  deterioration  due  to 
marine  growths,  violence  of  wave  action,  general  prevalence  of  storm 
conditions,  and  ice  accumulation  will  all  have  their  influence  on  the 
choice  of  materials.  The  life  of  wood  commonly  used  in  each  locality  is 
a   factor  in  choice  of  timber  or  some  more  permanent   form  of  structure. 

The  foundation  details  are  variously  affected  by  the  character  of 
tin  soil  upon  which  the  structure  is  to  rest.  Soft  alluvial  deposit  or  sand 
will  often  require  very  long  piles,  while  if  rock  bottom  ma}  be  reached 
withoul   great   expense,  cribs  or  pier-*  may  be  economically  constructed, 

River    or    stream     How     may    wash     out     foundation-    or    till     up    adjacent 

docks.  Tbe  season-  of  the  year  when  wharf  may  b<  started  mighl 
determine  tbe  character  of  construction  chosen 

Artificial   Conditions. 

In  most  of  our  harbors  conditions  imposed  by  tbe  general  layout  of 
iIk  government  harbor  lines  affed  tbe  general  shape  of  the  work.  Where 
tin    governmenl    harboi    lines  arc   laid   out    far   from   the   natural    shore 

line,  construction  will  develop  into  lony  and  slender  wharves,  while  it 
the    harbor    lines    are    close    in    shore.    Structures    will    develop    into    broad 
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and  probably  filled  ducks.  If  the  adjacent  channels  have  not  been  de- 
veloped to  their  final  form  by  government  decision,  it  might  be  unwise 
to  adopt  permanent  construction.  Sometimes  riparian  rights  have  not 
settled  by  court  decisions  and  permanence  of  legal  rights  should 
precede  permanence  of  construction. 

Business  and   Economic  Conditions. 

The  business  and  economic  conditions  have  a  most  important  part. 
For  instance,  a  lumber  wharf  built  in  a  country  where  the  timber  business 
will  last  only  ten  or  fifteen  years  will  suggest  a  cheap  first  cost,  while  a 
structure  to  handle  package  or  bulk  freight  serving  ocean  liners  would 
naturally    suggest   structures  of   permanent   design. 

The  volume  of  business  to  be  handled  at  the  dock,  its  rush  times  at 
certain  seasons  of  the  year,  its  possibility  of  increased  growth  or  change 
of  character  of  shipments  may  develop  a  special  design. 

The  availability  of  previous  experience  in  building  wharves  in  the 
chosen  locality  may  direct  the  thought  toward  the  final  choice.  The  first 
project  in  a  new  field  often  partakes  of  the  nature  of  an  experiment,  and 
to  build  a  permanent  structure  means  waste  of  capital  unless  the  ex- 
periment proves  successful. 

The  volume  and  gross  receipts  of  the  business  which  may  be  de- 
s  eloped  during  the  early  years  '  of  operation  may  determine  that  the 
interest  and  cost  of  a  permanent  structure  would  not  be  justified. 

Sometimes  the  factor  of  early  completion  may,  by  the  increased  earn- 
ings, justify  the  more  temporary  material  or  may  even  justify  the  more 
expensive  material  if  immediately  available. 

It    may    be    that    materials    are    abnormally    high    and    based    on    life 
!,   timber   or   temporary'   construction   for  a   short   life   period   to   be 
followed    by    permanent    construction    would    show    greater    returns    than 
permanent  construction  at  the  start. 

The  principle  of  obsolescence  places  limits  on  the  investment  even  if 
m '  other  limit  comes  in. 

Permanent  and  ornamental  structures  have  a  reflex  value  in  advertis- 
ing and  promotion  of  the  business. 

Many  times  judgment  on  general  layouts  will  be  made  on  the  visible 
and  self-evident  factors,  but  the  indirect  and  intangible  things  may  be  of 
r  value.  The  principle  that  the  breakdown  or  loss  of  service  of  a 
part  of  the  whole  train  or  sequence  of  operation  may  entail  loss  of  many 
times  the  cost  of  permanent  construction  in  the  loss  of  time  of  the  rest 
of  the  machine,  which  maj   mean  delay  of  all  correlated  transportation. 

The  item  of  maintenance  cost  is  vers  important.  Even  at  the  present 
prices  it  may  be  the  deciding  factor,  but  with  the  upward  tendency  in 
the  price  of  materials,  repairs  may  run  into  larger  sums  than  first  con- 
templated and  so  balance  the  increased  cost  and  interest  on  better  struc- 
tures.     Maintenance    costs    vary    through    different  -    in    the    thoroughness 

of  the  system  of  maintenance,  prompt   repair  oftentimes  saving  greater 
losses. 
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The  above  discussion  or  rather  suggestion  of  the  many  factors  of 
the  conception  of  a  wharf  and  dock  layout  indicates  the  broadness  of  the 
problem.  If  it  were  possible  to  give  each  function  a  factor  of  evaluation, 
this  article  would  be  of  great  value,  but  in  the  nature  of  the  problem 
and  combination  of  conditions  the  factor  varies  for  each  project.  The 
real  object  in  displaying  the  difficulty  of  the  problem  is  to  place  before 
the  engineer  an  outline  of  complexity  of  conditions  and  enable  him  to 
understand  the  structure,  the  details  of  which  he  is  to  develop. 

The  foregoing  discussion  deals  with  the  problem  of  conception,  fol- 
lowing with  the  design  and  development.  No  hard  and  fast  lines  can 
be  recommended  as  standard  wharf  and  dock  construction. 

Design. 

The  design  of  wharf  structures  fundamentally  should  start  from  the 
top  and  progressively  work  to  the  foundation  on  solid  earth  at  the  bot- 
tom, but  because  the  elements  of  the  foundation  are  simpler  than  the 
superstructure  and  the  same  foundation  may  serve  many  kinds  of  super- 
structures, it  is  thought  best  to  give  attention  here  to  details  of  the 
substructure. 

Any  substructure  may  be  divided  into  elements  as  indicated  by  the 
diagram  (Plate  B),  and  the-  notations  thereon.  The  critical  region 
where  the  greatest  variation  in  design  and  construction  occurs  is  that 
next  to  the  dock  basin  or  the  part  of  the  wharf  which  comes  closest 
to  the  boats,  for  here  we  find  a  variety  of  forces  and  requirements. 

The  vertical  loads  are  to  be  carried  by  piling,  sheet  piling,  crib  walls 
and  fills.  The  horizontal  pressures  where  they  exist,  are  to  be  carried 
by  sheet  piling  or  crib  walls.  Boat  impact  and  mooring  stresses  are 
usually  carried  by  the  structure  as  a  whole. 

The  quality  of  first  importance  in  a  foundation  is  permanence  of  form 
and  position  during  the  chosen  life  period  of  the  wharf.  The  action  of 
natural  forces  are  destructive  rather  than  helpful  in  maintaining  a 
structure  in  place.  Of  the  faults  in  the  foundation  uneven  settlement  is 
worse  than  uniform  settlement  because  it  sets  up  destructive  stresses  in 
the  superstructure.  Therefore  if  settlement  seems  unavoidable,  attention 
should  be  given  to  keeping  it  as  near  uniform  as  possible.  This  can  be 
attained  by  using   a   uniform   system  of  support. 

One  of  the  most  common  causes  of  failure,  and  perhaps,  the  most 
common  defect  in  dock  foundation  construction,  is  the  improper  spacing 
of  the  supporting  piling.  The  tendency  is  to  space  piling  more  or  less 
uniformly  throughout  the  structure  with  utter  disregard  of  the  unequal 
distribution  of  load.  Often  the  parts  of  the  dock  Carrying  no  load  at  all 
are  supported  by  the  same  distribution  of  piling  as  the  part  of  the 
structure  carrying  the  maximum  loads  Piles  should  be  so  placed  as 
to  receive  uniform  loading  foi   each  pile. 

By  far  the  greater  number  of  all  docks  \>t  built  <>r  being  built  in 
this  countn    arc  d<   igned   with   wooden   piling   to  carrj    theii    loads.     In 
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many  cases  they  are  being  surmounted  above  water  line  by  concrete  piers 
either  with  or  without  timber  grillage. 

It  is  becoming  more  and  more  the  practice  at  the  present  time  to  use 
treated  timber  and  treated  piling  in  all  work  subject  to  destruction  by 
the  teredo  or  other  form  of  marine  borers.  In  the  replies  to  inquiries 
of  the  Committee  on  Docks  and  Wharves,  this  recommendation  has  often 
been  made. 

Where  piling  is  driven  in  very  deep  water  and  future  plans  contem- 
plate permanent  filling  of  the  dock,  it  is  often  good  practice  to  fill  in 
around  the  piling  to  a  certain  depth  with  rubble  stone,  thus  stiffening  the 
foundation  and  causing  less  damage  to  buildings  and  structures  due  to 
the  shock  of  berthing  boats. 

Some  structures  are  surrounded  by  timber  sheet  piling  well  anchored 
back  with  steel  rods  and  the  wharf  then  filled  to  the  required  height.  A 
few  have  already  used  steel  sheet  piling  for  this  purpose,  thereby  obtain- 
ing a  very  permanent  foundation. 

During  the  past  a  great  many  docks  have  been  constructed  of  timber 
cribs  sunk  along  the  dock  line  without  placing  under  them  piling  or  other 
permanent  form  of  support.  These  structures  have  been  very  unsatis- 
factory. They  have  caused  trouble  by  settling  under  load,  and  by  being 
easily  overturned  toward  deep  water  whenever  it  became  necessary  to 
deepen  channels.  This  practice  has  been  almost  entirely  abandoned,  and  it 
is  now  recognized  that  filled  cribs  should  never  be  placed,  except  upon 
solid  unyielding  foundations.  Where  the  improvement  will  warrant  the 
expenditure,  the  use  of  some  form  of  steel  sheet  piling  is  very  satis- 
factory, and  its  use  will,  doubtless,  be  increased  very  greatly  in  the 
future. 

The  present  depth  of  channel  as  well  as  depth  that  may  be  required 

in   the   future  should  be  given  careful  consideration.     If  the   structure  is 

one  to  be   used   a  long  time  its   future   improvement  by  changing  timber 

foundation  to  one  of  more  permanent  design  of  concrete  and  steel  must 

nsidered. 

Filling  behind  sheet  piling  or  in  cribs  should  be  distributed  uni- 
formly and  in  horizontal  layers.  Sheet  piling  walls  and  cribs  should  be 
tight  so  as  to  retain  all  fill  permanently.  Cribs  should  rest  fairly  on 
suitably   prepared   bottom. 

Ample  allowance  for  strength  in  the  foundation  for  all  loads  and 
which  may  come  on  the  wharf  and  prevention  of  overloading  later 
is  the  best  way  to  minimize  settlements. 

The  following  is  a  list  of  the  more  important  items  to  be  given 
consideration  in  designing  wharf  foundations: 

Timber  Piling ; 
Concrete  Piling  ; 
Wood  Sheet  Piling; 
Steel   Sheet   Piling; 
Concrete   Sheet   Piling: 
Rock    for   Masonry   and   Fill: 
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WHARF 


SUPERSTRUCTURE 
CONCENTRATED   LOADS  ON  PILES 


GENERAL    DIAGRAM 


GOOD    ARTIFICIAL   LIGHTING  FOR    NIGHT  OPERATION 


DOCK 


DISTRIBUTED 


TOP   OF  DECK  OF   WHARF 


OR  FILL  OR  BOTH 


MOORING  POST 


SAFETY    CURB 


FLOOR   SUITABLE  FOR  NATURE  OF 
TRAFflC  OR  FREIGHT  HANDLEO 


ZONE   OF   FIRE   HAZARD  AND  DECAY 


DETERMINED  BY  REQUIREMENTS 
FOR  BOAT  PROTECTION  ANO  OPER- 
ATION. TYPE  OF  SUPPORTS  FOR 

)DECK.  VARIATIONS  OF  TIDE,  WIND. 

I  STORM  AND   SEASONAL  CHANGES 


ELEV   Of  HIGH  WATER 


WOOD  OECAYS  ABOVE  THIS  LINE 
UNLESS  CREOSOTEO  OR  OTHERWISE 
PROTECTED;  IN  SALT  WATER, WOOD 
BELOW  THIS  LINE  REOUIRES  PROTEC- 
TION AGAINST  MARINE  GROWTHS 

ANCHORAGE  REACTION    SECURED  FROM 
INSIDE    PILES  AND  DEAD  MEN   OR  FROM  WEIGHT 
OF    SUPERIMPOSED   LOADS  OR   FROM  WALL  ON 
OPPOSITE   SIOE  OP  PIER. 


Fill  and  riprap 

-  5heet  piling  or  crib  wall 

-  supporting  piles 
combinations  of  above. 

sheet  pile  wall  may  be  placed  further 
back  trom  front  ano  front  oeck  supported 

ON    PILES. 


ELEV.    OF  ORIGINAL    GROUND  

, 7~ —, , _, _ ;__ _ „ __ 

HIGH  ORIGINAL   GROUND    GIVES  LESS   PRESSURE  ON    SHEET  PILING    , 
AND    LOW    BENDING  MOMENT. 

LOW    GROUND  AND   FILL    GIVES    HIGH  PRESSURE  AND  BENDING 
MOMENTS   TOR  SHEET  PILING. 

IF    SAND.  GRAVEL    CLAY,     PILES    WILL  BE   REOUIREO 

WOOD   PILES,  FOR    SHORT  LIFE  STRUCTURES 
TREATED    •    .  STEEL  OR  CONCRETE  FOR  LONG  LIFE 
IF    ROCK.  CRIBS  WILL    BE  REOUIREO  WITH  SURFACE  OF  ROCK 
PREPARED   BY    LEVELING 


DEPTH  OF  DOCK  DEPENDS  ON 
,BOATS   AND  APPROACH 
CHANNELS 


"May  require  dreocJng  or1  submarine" 
blasting  if  rock 


SHEET    PILING  TO  HAVE   SUFFICIENT  IMBEOMENT 
TO   PREVENT  SLIPPING  AT  BOTTOM. 
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Wood  Cribs; 

Crib  Filling; 

Sand  Filling; 

Retaining  Walls ; 

Depth  of  Channel  or  Dock  adjacent; 

Future   Depth   of   Channel  or  Dock  adjacent. 

From  the  above  list  it  will  be  seen  that  wharf  design  of  details  is 
an  application  of  specifications  and  principles  which  have  already  been 
published  in  previous  Proceedings  and  the  Manual  of  this  Association 
and  reference  to  the  indexes  thereof  will  furnish  a  satisfactory  fund  of 
information  on  nearly  all   the  topics  above. 

Following  is  a  partial  bibliography  of  references  which  can  be  used  to 
add  examples  and  discussions  of  special  details : 

"American  Civil  Engineers'  Pocket  Book."     By  Merriman. 

"Civil  Engineers'  Pocket  Book."  By  Frye.  Gives  also  list  of  ref- 
erences. 

"Foundations  of  Bridges  and  Buildings."  Jacoby  and  Davis.  Gives 
long  bibliography. 

Reinforced  Concrete  Docks :  Foreign  and  American  Structures, 
Failures,  Costs  and  General  Consideration.  By  Harrison  S.  Taft  in  Pro- 
ceedings of  American  Society  of  Civil  Engineers,  April,  August,  Sep- 
tember, December,  1914. 

"Modern  Pier  Construction  in  New  York  Harbor."  By  Charles  W. 
Standiford,  Proc.  Am.  Soc.  C.  E.  May,  September,  October,  1913. 

"Coal  Piers  on  the  Atlantic  Seaboard."  By  J.  E.  Greiner,  Proc.  Am. 
Soc.  C.  E,  October,  1913. 

"The  Reinforced  Concrete  Wharf  of  the  United  Fruit  Co.  at  Bocas 
del  Toro,  Panama."  By  J.  Howard  Barnes.  Proc.  Am.  Soc.  C.  E.  Sep- 
tember, 1909. 

"Types  of  Am.  Public  Wharf  Construction."  By  W.  J.  Barney.  Proc. 
Am.  Association  of  Port  Authorities. 

Pennsylvania  Coal  Dock  at  Sandusky.  Railway  Age  Gazette,  De- 
cember 25,  1914. 

"Concrete  Docks  versus  Wooden  Docks."  By  Harrison  S.  Taft. 
Int.   Marine  Engineering,   March,  1914. 

"N.  P.  Ore  Dock  at  Allourz."     Iron  Trade  Review,  October  23,  1913. 

Reinforced  Concrete  Ore   Docks.      Rug.    News,   January  2,   1913. 

Commonwealth  Pier  No.  5,  Boston.     Eng.  Rec,  September  6,  1913. 

Calculations  of  Docks  and  Bulkhead  Walls.  Eng.  Rec,  September 
20,  1913. 

Comparative  Costs  of  Different  Designs  for  Piers  Eng.  Rec,  June 
6,  1914. 

Wharves,  American  Wharf  Design,  abst.  from  Barney's  paper  above. 
Eng.  Rec,  October  3,  1914. 

New  South  Brooklyn  Pier  at  35th  St.,  New  York.  Eng  Rec,  De- 
cember 18,  1915. 
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Boat  Impact  and   Effect  on  Wharves. 

When  a  boat  strikes  a  wharf  or  pier  the  damage  done  will  depend 
on  the  size  of  the  boat,  its  speed,  its  material,  the  mass  of  the  pier,  its 
fender  system  and  matt-rial.  The  designer  must  consider  where  he  wishes 
to  direct  the  damage  or  cosl  of  maintenance.  There  are  two  systems 
directly  opposed  in  principle.  The  first  is  to  build  of  materials  of  such 
elasticity  and  make  up  as  will  absorb  the  average  service  blows  with 
very  small  damage.  Usually  this  takes  the  form  of  elaborate  timber 
framing  with  fender  piles,  sometimes  backed  with  coil  springs.  The 
sed  points  are  usually  protected  with  large  groups  of  closely  driven 
piles.  However,  this  protection  fails  with  square  blow  of  a  vessel  under 
headway  and  usually  results  in  expensive  damage  to  the  pier.  This 
has  a  revi  rse  i  fleet  in  lessening  the  skill  of  the  boat  captains  who 
do  not  fear  the  contact  of  the  wharf  with  their  vessels. 

The  other  system  is  to  build  of  simple  concrete  masses  or  rein- 
of  such  amount  and  rigidity  that  boats  .strike  the  pier 
at  their  own  peril.  Here  a  premium  is  to  be  put  on  solidity  and  mass. 
1-  can  and  do  much  damage  even  to  these  structures,  but 
greater  damage  is  usually  sustained  by  the  boat.  This  tends  to  increase 
the  skill  and  diligence  of  the  captains,  lessening  the  frequency  of  such 
accidents  and  usually  leaving  the  structure  in  a  shape  to  be  easily  re- 
paired after  a-  destructive  blow.  Such  structures  usually  only  have  a 
rubbing  waling  strip  of  oak  timber  or  fender  pads  ol  12  inch  by  12  inch 
timber  hung  over  the  side. 

Timber  piers  usually  are  not  adapted  to  the  second  system  because 
lacking  in  mass  and  rigidity,  hence  some  form  of  the  first  system  is 
used. 

Where  passenger  service  is  rendered  by  the  pier,  the  second  system 
is  not  advisable  because  of  the  effect  on  a  large  crowd  of  people  on  the 
boat  of  a  smashing  blow  of  impact  with  the  pier.  Rightly  here  the 
practice  has  developed  elaborate  systems  of  cushioning  the  blow  and 
letting  the  damage  be  done  to  the  dock. 
Pressures  on   Sheet  Piling. 

The  general  problem  of  the  design  of  sheet  piling  has  been  discussed 
in  the  Proceedings  of  the  American  Railway  Engineering  Association 
before  and  will  be  found  by  reference  to  the  indexes. 

The  case  of  submerged  wall,  with  water  on  both  sides,  and  where 
filling  is  put  in  back  may  had  to  a  little  confusion.  If  the  water  stands 
at  the  same  level  on  both  sides  of  the  wall  the  hydrostatic  pressures  are 
balanced.  The  material  filled  in  back  of  the  wall  usually  weighs  more 
than  water  even  after  allowing  for  the  buoyant  effect  of  the  water 
This  gives  an  added  pressure  on  the  side  of  the  wall  equal  to  the  hori- 
zontal pressure  of  that  material  with  its  slope  angle  of  repose  under 
water  and  its  reduced  weight.  The  effect  of  the  water  is  to  decrease  the 
angle  of  n  the  material  and  the  effective  weight.    Decrease  of  the 
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angle  of  repose  increases  the  horizontal  pressure  and  the  decrease  of 
effective  weight  lessens  the  horizontal  pressure. 

If  the  material  lies  fair  against  the  wall  so  that  the  hydrostatic 
pressure  has  no  area  to  press  against,  the  effective  hydrostatic  pressure 
on  the  inside  of  the  wall  will  be  zero,  but  in  practice  a  film  of  water  will 
lie  next  to  the  wall  except  at  a  few  points  which  transmit  the  pressure 
of  the  filling  itself. 

Piling,  piers  and  original  ground  which  stands  at  greater  heights 
than  the  bottom  of  the  adjacent  channel  tend  to  reduce  the  pressure 
exerted  against  the  inside  of  the  wall.  The  amount  of  reduction  is  sub- 
ject for  careful  judgment  in  each  case.  Because  of  this  reduction,  it  is 
sometimes  possible  to  leave  out  intermediate  supports  on  sheet  piling, 
using  only  secure  anchorages  at  the  top  and  a  sufficient  length  of  im- 
bedment  at  the  bottom. 

Mooring    Posts.  • 

In  the  early  days  of  wharf  building  the  driving  of  a  strong  pile 
and  it  left  sticking  up  through  the  deck  three  or  four  feet  formed  a 
satisfactory  mooring  post  when  the  boats  were  smaller  and  the  attaching 
lines  had  a  horizontal  pull.  But  with  the  increase  of  size  and  height  of 
vessels  which  meant  high  inclination  of  the  rope  with  a  tendency  to  slip 
off  the  old  straight  side  posts,  has  come  cast-iron  posts  with  various 
shapes  to  overcome  the  slipping.  All  these  posts  require  suitable  founda- 
tions with  hold-down  bolts  to  take  care  of  the  lift.  With  the  addition 
of  steam  winches  on  the  boats  to  warp  the  boats  along  the  piers  in 
loading,  it  has  been  found  advantageous  to  have  mooring  posts  at 
frequent  intervals  along  the  front  of  the  pier.  It  is  well  also  to  have 
a  few  posts  further  back  from  the  front  to  fasten  mooring  lines  at  less 
inclination  for  such  work  as  pulling  the  boat  closer  to  the  piers. 

As  a  matter  of  safety,  it  is  necessary  that  some  form  of  curbing  or 
foothold  should  be  provided  along  the  front  of  the  pier  for  the  men 
receiving  the  mooring  ropes  to  prevent  their  slipping  and  being  pulled 
into  the  water. 

SUPERSTRUCTURE. 

The  superstructures  of  many  wharves  constructed  during  the  past 
few  years  are  of  a  composite  character.  Timber,  concrete  and  steel  are 
used  in  various  combinations,  and  there  seems  to  be  great  diversity  of 
opinion  as  to  the  best  practice.  Of  course  there  arc  many  conditions 
to  be  considered  in  planning  a  wharf  for  a  particular  locality  to  handle 
certain  classes  of  traffic,  and   each   is   a   problem   by   itself. 

Designs  submitted  to  the  Sub-Committee  on  Docks  and  Wharves  show 
considerable  variation  in  the  construction  of  <1< >ck  floors.  Timber  struc- 
tures arc  generally  decked  by  cutting  off  the  piling  to  proper  level,  capping 
same  with  standard  sized  timbers  and  placing  a  plank  floor  securely 
spiked  to  the  caps.  This  form  of  deck  is  very  satisfactory  for  wooden 
structures  and,  Dp  to  the  present,  on  account  of  the  low  price  >>\  timber, 


290  DESIGN  OF  DOCKS  AND  WHARVES. 

has   probably    returned   more   on   the   investment   than    would    have    beer 
produced  by  any  permanent  form  of  construction. 

In  the  past  few  years  some  designers  have  placed  concrete  decks  or. 
timber  structures,  others  have  used  concrete  with  asphalt  wearing  sur 
face.  It  would  seem  that  either  of  these  methods  of  construction  were 
hardly  satisfactory.  Concrete  or  asphalt  decks  should  be  placed  or. 
filled  or  permanent  structures  so  they  would  not  deteriorate  rapidly  from 
the  action  of  an  unstable  foundation. 

The  superstructure  of  many  wharves  is  of  very  simple  construction 
being  principally  a  more  or  less  extensive  roof  supported  upon  posts  from 
the  foundation.  Of  late  years  many  very  fine  examples  of  steel  and 
concrete  buildings  have  been  erected  and  the  tendency  in  all  our  large 
shipping  centers,  at  the  present  time,  is  to  erect  structures  of  this  char- 
acter. 

The  danger  of  fires  and  the  tremendous  loss  incident  to  the  de 
struction  of  wharves  and  their  contents,  as  well  as  the  loss  that  may 
entail  on  shipping  in  the  immediate  vicinity,  has  been  a  very  decided 
factor  in  producing  a  permanent  form  of  construction.  The  constant 
rise  in  prices  of  timber  in  all  forms  and  the  lower  prices  of  steel  and 
concrete  is  making  it  more  feasible  to  put  up  fireproof  structures  of 
permanent  design. 

Plans  for  proper  distribution  of  electric  current  for  light  and  power 
water  pipes  for  drinking  purposes  and  sanitary  uses  and  fire  mains 
together  with  fire-alarm  and  hose-storage  points,  are  all  questions  to  be 
carefully  considered  in  designing  superstructures. 

Economy  Curves  (Plate  "A"). 

The  formula  for  these  curves  is  given  with  the  curves.  By  assum 
ing  that  n  and  m  have  a  fixed  ratio  and  using  various  life  periods,  it  is 
possible  to  calculate  values  of  f  for  each  ratio  of  life  periods  and 
different  lengths  of  life.  By  plotting  these  values  of  /  and  joining  points- 
calculated  for  the  same  ratio  of  life  period,  we  get  curves  showing 
values  of  /  for  any  life  period  within  the  limits  of  the  curves.  For 
convenience  those  of  even  life  ratio  were  plotted.  For  any  fractional 
ratio  of  life  period  values  of  /  can  be  found  approximately  close  by 
interpellation  between  the  appropriate  curves.  The  curves  start  at  zerc 
life  and  ratios  of  cost  equal  to  the  ratio  of  life  period  and  approach 
the  ratio  one  as  the  life  periods  lengthen  until  at  infinity  /=one 
irrespective  of  the  ratio  of  cost  at  the  start.  The  curves  are  calculated 
with  interest  rate  at  6  per  cent.,  but  the  principle  would  be  the  same 
whether  we  used  3  per  cent.,  4  per  cent.,  5  per  cent,  or  6  per  cent,  except 
that  the  higher  the  rate  the  more  rapidly  do  the  curves  fall  to  the 
ratio  one. 

Example:  A  tie  lasts  ten  years,  how  much  are  we  justified  in 
spending  for  treated  tie  if  it  will  last  twenty  years  because  of  treat- 
ment? Entering  the  diagram  at  10  at  the  bottom,  carrying  our  eye  up 
to  curve  of  ratio  2  and  reading  from  the  scale  of  ordinates  at  the  left 
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we  find  ratio  of  cost  equals  1.55,  or  if  our  untreated  tie  costs  60  cents 
a  treated  tie  should  not  cost  over  1.55  times  60,  or  93  cents.  If  we  spend 
more  than  93  cents  we  must  obtain  longer  life  than  double  or  some 
other  advantage  must  accrue  to  the  roadbed. 

iFrom  these  curves  we  can  read  off  by  interpellation  what  life  we 
must  get  from  the  more  expensive  material  with  a  given  ratio  of  first 
cost. 

Example :  Wood  lasts  10  years  and  steel  may  cost  twice  as  much 
to  accomplish  the  same  ends.  Entering  the  diagram  at  the  ratio  2  at  the 
left  and  noting  the  intersection  with  the  10-year  life  line  it  is  seen  that 
the  intersection  lies  about  three-quarters  of  the  distance  between  the 
three  and  four  curves  or  the  steel  must  last  3.75  times  as  long  as  the 
wood  or  37.5  years. 

By  a  study  of  the  curves  it  will  be  seen  that  a  larger  ratio  of  first 
cost  is  justified  for  short  life  structures  than  for  long  life  structures 
even  if  the  ratios  of  life  periods  are  the  same. 

Example :  A  softwood  floor  with  a  life  of  five  years  and  a  hard- 
wood floor  of  10-year  life  we  find  on  the  curve  2  that  we  are  justified 
in  spending  up  to  1.75  times  the  .cost  of  the  softwood  floor  for  the 
hardwood.  With  a  hardwood  floor  of  10-year  life  and  a  concrete  floor 
of  20-year  life  we  can  spend  up  to  only  1.55  times  the  cost  of  the  hard- 
wood. 

From  this  principle  it  will  be  seen  that  every  additional  year  which 
we  can  add  to  the  life  of  the  lesser  cost  structure  lowers  the  ratio  of 
justified  cost  of  a  longer  life  structure,  even  though  the  longer  life 
structure  does  last  the  same  ratio  of  life.  For  example :  Treated 
timber  with  a  life  of  25  years  and  steel  of  50  years  have  a  justified  cost 
ratio  of  only  1.23  and  even  if  we  were  to  get  infinite  life  from  the  steel 
only  a  cost  ratio  of  1.30  is  allowable.  This  does  not  prove  that  steel 
should  not  be  used,  but  indicates  that  where  steel  is  used  some  other 
important  factor  such  as  maintenance  or  fire  hazard  must  be  the  basis 
for  spending  a  greater  amount. 

CONDENSED   DATA   IN   REGARD   TO   DOCKS   AND   WHARVES 
FURNISHED  BY  MEMBERS  OF  THE  ASSOCIATION. 

In  July,   1914,  a  circular  letter  was   sent  to  certain  members  of  the 
•  Association  who  were  in  a  position  to   furnish  data  and  plans  concern- 
ing the  latest   and  best   practice  in   the   construction    of    freight-handling 
wharves.    Four  questions  were  asked,  as  follows : 

(a)  What  were  determining  factors  in  the  design  of  this  particular 
dock? 

(b)  How  successful  has  this  design  proved? 

(c)  What  improvements  would  you  suggest? 

(d)  Please  give  as  fully  as  possible  detail  unit  costs. 

Much  information  and  many  plans  were  received  showing  a  great 
diversity  of  design  adapted  to  many  varying  conditions,  and  the  follow- 
ing abstracts  and  comments  are  made. 
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G.  W.  Harris,  Chief  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway, 
Coast  Lines,  reports  as  follows : 

We  have  approximately  4,000  feet  frontage  of  wharf  at  San  Fran- 
cisco, practically  all  of  which  is  over  a  rock  sea  wall  and  is  driven  with 
creosoted  piles,  spaced  10  feet  each  way.  The  intermediates  are  4  inch 
by  12  inch,  and  whatever  tracks  there  are,  are  carried  with  two  pieces  of 
12  inch  by  12  inch  under  each  rail  over  the  10-foot  spans. 

At  Ferry  Point  we  have  a  wharf  70  feet  wide  by  700  feet  long 
extending  out  into  the  Bay  of  San  Francisco.  In  1913  we  extended  this 
wharf  and  built  a  new  freight  apron  on  the  end. 

In  all  of  our  wharf  work  we  use  creosoted  piles,  treated  with  six- 
teen pounds,  where  same  are  driven  in  salt  water,  as  the  teredo  around 
San  Francisco  Bay  are  very  active. 

Answering  the  questions  contained  in  your  circular  letter,  beg  to 
advise  as  follows : 

(a)  The  Ferry  Point  extension  was  designed  primarily  for  the 
accommodation  of  our  barges  handling  cars.  The  wharf  on  either  side 
of  this  dock  was  constructed  as  a  support  for  the  spring  line  of  the 
slip.  The  same  is  true  of  the  wharf  around  the  new  slip  at  Oakland. 
wharf  at  Oakland  was  driven  with  this  10-foot  spacing  of  piles, 
rather  than  14  foot,  because  the  original  wharf  was  driven  with  that 
spacing  with  untreated  piles  and  this  construction  was  spaced  inter- 
mediately with  the  original  with  less  expense.  In  new  wharf  work  where 
tracks  are  placed  on  the  wharf,  the  conditions  determine  whether  it  is 
cheaper  to  use  10-foot  spacing  or  14-foot. 

(b) ,  These  designs  have  proven  successful  under  careful  operation 
of  the  boats.  No  timber  dock  will  stand  against  rough  landing  of  boats, 
and  there  is  a  heavy  maintenance  cost  involved  in  keeping  up  these 
facilities. 

(c)  The  only  improvement  which  I  have  been  looking  for  is  in  the 
method  of  tieing  the  brace  piles.  When  a  boat  lands  sufficiently  hard 
against  the  wharf  the  first  weakness  naturally  shows  in  the  brace  pile, 
which  pulls  out  of  the  bolt  and  sticks  up  through  the  wharf.  I  have 
thought  it  would  be  possible  to  wedge  in  these  brace  piles  underneath 
the  cap,  but  have  not  used  any  construction  of  that  kind. 

(d)  All  of  these  jobs  were  constructed  by  contract  covering  the 
labor  only,  the  Railway  Company  furnishing  all  of  the  material.  Each 
contract  was  made  up  on  the  basis  of  unit  prices  covering  each  kind  of 
lumber  and  the  different  kinds  of  piles. 

At  Ferry  Point  the  unit  prices  were  as   follows : 

Pulling    piles     $15.00  each 

Taking  out  old  lumber 6.00  per  M 

Cutting  piles  off  on  present  wharf  to  new  grade....  1.25  each 

Drive  and  fasten  standard  piles    9.35  each 

Drive  and  fasten  brace   piles    15.50  each 

Drive  and  fasten  Fender  and  Mooring  piles 7.15  each 

I  )rive  and  fasten  Spring  piles    11.00  each 

I  'rive  and  fasten  Cluster   piles    16.00  each 

Drive  and  fasten  Dolphin    piles    18.50  each 

Placing  caps    21.00  per  M 

Stringers  and  Compounds 16.00  per  M 

Planking     11.35  per  M 

Guard   Rail    9.60  per  M 

cks    32.00  per  M 

Ribbing     31.70  per  M 

Spring    Lino    Chocks 45.00  per  M 
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Sheathing     18.50  per  M 

Intermediate   Stringers    12.75  per  M 

Total    labor    (approximately) $15,000.00 

At  Oakland  the  unit  prices  were  as  follows : 

Drive  and  fasten  Standard  piles    $  9.00  each 

Drive  and  fasten  Brace    piles    15.00  each 

Drive  and  fasten  Dolphin   piles    18.00  each 

Drive  and  fasten  Cluster   piles    12.00  each 

Drive  and  fasten  Spring  piles    12.00  each 

Placing  Caps  and  sub-caps 21.00  per  M 

Placing  Stringers  and  Compounds 16.00  per  M 

Placing  Intermediate   Stringers    12.75  per  M 

Placing  Planking    1 1 .00  per  M 

Placing  Guard   Rail    9.00  per  M 

Placing  Ribbing     34.00  per  M 

Placing  Chocks    40.00  per  M 

Placing  Sheathing     18.00  per  M 

Taking  up  old  timber 6.00  per  M 

Total    labor    (approximately) $19,000.00 

At  San  Francisco  the  unit  prices  were  as  follows : 

Drive  and  fasten  Fender   piles    $  8.00  each 

Drive  and  fasten  Standard    piles    8.00  each 

Drive  and  fasten  Mooring  piles   8.00  each 

Placing   Caps 20.00  per  M 

Compound    Stringers     16.00  per  M 

Track    Stringers    16.00  per  M 

Intermediate   Stringers    15.00  per  M 

Fillers    10.00  per  M 

Guard   Rail    10.00  per  M 

Planking 10.00  per  M 

Removing  old  lumber .*    6.00  per  M 

Placing  Chocks   32.00  per  M 

Breaking  off  old  piles 3.00  each 

Pulling    piles    12.00  each 

placing  sub-caps    25.00  per  M 

Total    labor     (approximately) $17,500.00 

Comment. 

The  plans  of  these  improvements  submitted  by  Mr.  Harris  show  a 
dock  well  designed  and  carefully  laid  out  to  serve  the  purpose  intended. 
His  comments  on  trouble  with  brace  piles  show  that  this  question  is 
one  very  often  causing  trouble.  Many  engineers,  at  the  present  time,  are 
not  using  a  brace  pile  in  this  position,  but  are  using  them  as  ties  securely 
bolted  to  other  piles  and  operating  as  sway  braces  upon  a  bridge.  It 
is  practically  impossible  to  hold  a  brace  pile  when  constructed  as  shown 
in  this  dock,  and  keep  it  from  deforming  the  front  and  upper  deck  oi 
the  dock.  It  would  seem  that  planks  bolted  to  the  supporting  piles  and 
to  the  caps,  acting  as  sway  braces,  would  be  more  effective,  cause  less 
damage  and  reduce  the  cost  of   maintenance  on  the   dock   structure. 

As  these  docks  are  not  designed  for  carrying  heavy  concentrated 
loads  covering  large  areas,  the  distribution  of  piling  Is  very  satisfactory. 
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The  spacing  of  piling  has  been  governed  by  the  loads  to  be  taken  care  of 
and  railroad  tracks  are  properly  supported. 

George  W.  Kittredge,  Chief  Engineer  of  the  New  York  Central  and 
Hudson  River  Railroad  Company,  in  answer  to  our  circular  letter,  re- 
ports as  follows: 

"Answering  your  questions  in  their  order: 

(a)  What  were  determining  factors  in  the  design  of  this  par- 
ticular pier?  Designed  for  handling  outbound  business  (boats  to  cars) 
only.  Adequate  floor  space  and  numerous  gangways  in  order  to  make 
short  trucking  possible. 

(b)  How  successful  has  this  design  proved?  The  design  has  proven 
very  successful  and  entirely  satisfactory. 

(c)  What  improvements  would  you  suggest?  No  suggestions  at 
this  time.  Since  the  pier  was  built  we  have  installed  on  four  of  the  gang- 
ways Otis  Elevator  Company  inclined  elevators  to  assist  in  handling 
heavily  loaded  trucks  from  barges  to  floor  of  pier.  This  apparatus  has 
been  in  service  only  a  few  months  and  has  been  very  favorably  com- 
mented upon  by  the  Operating  Department. 

(d)  Kindly  give  as  fully  as  possible  details  of  unit  cost.  The  pier 
was  built  under  a  lump  sum  contract  covering  the  piers  and  sheds.  The 
total  contract  cost  of  the  substructure  and  superstructure,  including  heat- 
ing, dry  fire  protection  line,  electric  wiring  and  fire  alarm  system,  was  in 
the  neighborhood  of  $3.00  per  square  foot." 

Comment. 

The  plans  for  Pier  No.  5  at  Weehawken,  N.  J.,  New  York  Central 
Kailmad,  shows  a  dock  built  on  pile  foundations  securely  sway-braced 
with  4  inch  by  8  inch  plank  bolted  to  each  pile,  also  girt  timbers  running 
across  the  piling  underneath  the  wharf.  While  some  batter  piles  have 
been  driven  in  this  foundation  for  stiffening,  more  dependence  is  placed 
on  sway  bracing,  both  cross  and  longitudinal,  than  upon  these  batter 
piles.  The  wharf  has  a  double  layer  deck,  consisting  of  a  lower  4-inch 
plank  deck  covered  with  2  inch  by  4  inch  beech  flooring.  This  gives  a 
smooth,  long-wearing  surface  and  should  prove  very  satisfactory.  The 
structure  is  well  designed  for  the  purposes  for  which  it  is  intended  and 
construction  details  are  good.  Its  services  thus  far  have  been  very  satis- 
factory. 

J.  R.  Savage,  Chief  Engineer  of  the  Long  Island  Railroad  Com- 
pany, submits  plans  of  the  City  of  New  York  Department  of  Docks  and 
Ferries  for  the  Pier  and  Bulkhead  Platforms  between  James  Slip  and 
Oliver  Street,  Burrough  Manhattan.  Mr.  Savage  writes  in  regard  to  this 
dock  as   follows  : 

"We  happen  to  be  interested  in  this  particular  structure  as  we  rent 
it  from  the  City  of  New  York  and  so  far  as  I  am  aware  this  represents 
about  the  latest  practice  of  the  New  York  Dock  Department. 

I  will  reply  to  your  several  questions  as  follows : 

(a)  This  dock  was  one  constantly  in  use,  so  that  a  permanent  deck 
was  required. 

(b)  The  design  has  proven  entirely   satisfactory. 

(c)  The  only  improvement  I  would  suggest  would  be  the  use  of 
creosoted  timber  where  exposed  to  the  elements. 
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(d)  I  understand  the  unit  cost  of  timber  decks,  including  rangers, 
runs  about  52  cents  per  square  foot;  the  reinforced  concrete  deck  costs 
about  46  cents  per  square  foot  and  with  application  of  2^  f°°t  asphalt 
wearing  surface  about  55  cents  per  square  foot.  The  figures  for  concrete 
above  do  not  include  the  cost  of  timber  construction  at  deck  level  on 
the  sides  of  the  dock." 

Comment. 

The  plan  for  the  James  Slip  Dock  shows  a  9-inch  reinforced  concrete 
deck  on  timber  stringers  and  pile  foundation.  On  top  of  the  9-inch 
concrete  there  is  a  2^2-inch  wearing  surface  of  asphalt.  The  reinforcing 
is  made  up  of  different  sized  square  bars  running  from  ^  inch  by  Y$  inch 
to  V&  inch  by  $i  inch. 

The  front  of  the  wharf  is  fendered  with  oak  piling  and  timber 
securely  bolted  to  the  main  frame  work.  This  design  undoubtedly  gives 
a  very  satisfactory,  permanent  and  fireproof  deck.  The  plan  does  not 
show  the  depth  of  water  and  this  would  have  very  important  bearing  on 
the  permanency  of  the  structure. 

R.  Trimble,  Chief  Engineer  of  Maintenance  of  Way,  Pennsylvania 
Lines  West  of  Pittsburgh,  reports  on  two  docks  at  Sandusky,  O.,  and 
Cleveland,  O.,  as  follows : 

"Sandusky,  Ohio,  new  dock  for  Coal  Machine,  timber  crib  construc- 
tion with  concrete  top,  as  shown  on  plan  15739,  attached : 

(a)  Determining  factors  in  design:  Rock  foundation.  The  concrete 
superstructure  was  provided  in  order  to  make  a  permanent  construction 
above  the  water  line. 

(b)  Success  of  design:  It  has  not  been  in  service  long  enough  to 
determine  the  success  of  the  design,  but  as  the  same  type  of  dock  has 
been  used  previously  under  the  same  conditions,  we  do  not  anticipate 
any  difficulty  due  to  the  design. 

(c)  Suggested  improvements:     No  suggestions. 

(d)  Detail  unit  cost  per  linear  foot  of  dock: 

(Average  height  of  crib   18  feet.) 

Hemlock   lumber    $  35.00 

Framing,  placing  and  sinking  25.00 

Iron    (tie  bolts  drift  bolts,  etc.) 14.00 

Stone    (  for  sinking  cribs) 12. 00 

Leveling    foundations    2.00 

Concrete  top   19.50 

Cast-iron   Mooring  posts 1.50 

Total  cost  per  linear  foot  of  dock $109.00 

Cleveland,  Ohio,  pile  dock  in  connection  with  new  Coal  Machine, 
details  as  shown  on  plan  No.  15850: 

(a)  The  foundation  is  sand  and  clay  and  timber  pile  dock  was 
adopted,  this  type  being  economical.  The  two  rows  of  piles  with  sheeting 
held  by  hack  row  is  used  largely  for  the  reason  that  where  there  is  .in\ 
movement  of  the  dock  face  due  to  pressure  from  till  hack  of  same,  the 
front  row  of  piles  can  be  brought  to  a  line  without  disturbing  the  anchor- 
age or  the  rear  line  of  dork  piles.  In  the  event  of  any  movement,  there- 
fore, the  front  line  of  dock  can  he  adjusted  if  necessary. 

0>)  While  tilt"  dock  mentioned  is  nOV  under  const  ruction,  the  same 
type  has  heen  used  in  this  locality  for  mam  jrears  and  design  has  heen 
satisfactory. 

(c)      No  siiKKCStions   for  improvements. 

fd)     Detail  unit  costs:     Cannot  give  them" 
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Comment. 

The  Sandusky  Dock  is  a  good  example  of  filled  crib  on  rock  founda 
tion   with   a  monolithic  concrete   superstructure.     The   plan   is   very   weli 
worked    out,    details   are    good    and    structure    should    be    satisfactory    ir 
every  way. 

The  Cleveland  Dock  is  a  good  example  of  a  sheet  pile  front  securelj 
anchored  back  with  l)4-inch  diameter  rods.  It  has  an  unusual  feature 
in  that  the  front  fender  of  the  dock  is  separated  from  the  piling  holding 
the  fill.  As  Mr.  Trimble  notes,  this  is  for  the  purpose  of  lining  up  the 
front  of  dock  whenever  displaced  by  uneven  settlement  of  the  fill.  This 
front  fender  portion  of  the  dock  is  well  sway-braced  and  bolted.  Details 
are  good  and  dock  should  give  entire  satisfaction. 

F.  Merritt,  Chief  Engineer  of  the  Gulf,  Colorado  &  Santa  Fe  Rail- 
way Company,  reports  on  their  dock  at  Port  Bolivar,  near  Galveston,  as 
follows : 

(a)  The  first  factor  in  determining  the  design  for  this  dock  was 
first  cost,  which  was  controlled  principally  by  the  available  supply  of 
timber  necessary  for  this  construction  and  foundation  cost  of  other 
classes  of  construction.  The  geological  formation  consists  of  alternate 
layers  of  water-sand  and  sea-wilt  to  an  indefinite  depth  and  the  cost  of 
a  pile  foundation  for  concrete  walls  with  the  cost  of  necessary  caisson 
work  would  more  than  equal  the  entire  cost  of  the  present  bulkheads 
and  aprons. 

(b)  Design  has  proved  entirely  successful,  as  evidenced  by  its 
continued  use  at  Galveston. 

(c)  Would  suggest  that  sufficient  pile  cluster  fenders  be  placed 
under  the  outer  edge  of  apron  to  land  boats  against  instead  of  landing 
directly  against  the  apron.  This  will  reduce  cost  of  repairs  to  apron 
one-half. 

(fit     Total  cost  of  bulkhead  per  linear  foot $33.27 

Total  cost  of  apron  30  ft.  wide  per  sq.  ft 0.7343 

Cost  per  linear  foot  marine  treated  piles 0.385 

Cost  per  linear  foot  untreated  piles 0.085 

Cost  per  M.  feet  B.  M.  marine  treated  timbers. .  47.80 
Cost  per  M.  feet  B.  M.   full-cell  treated  timbers  31.00 

Cost  per  M.  feet  B.  M.  untreated  timbers 21.80 

Cost  per  linear  foot  driving  marine  treated  piles    0.17 

Cost  per  linear  foot  driving  untreated  piles 0.15 

Cost  per  M.  feet  B.  M.  placing  marine  treated 

timbers     16.00 

Cost  per  M.  feet  B.  M.  placing  other  timbers. .  .   15.00 

Average  cost  of  freight  on  piles  about  $0.05  per  linear  foot,  and  on  tim 

bers  about  $5.00  per  M.  B.  M. 

Comment. 

The  dock  reported  upon  by  Mr.  Merritt  is  a  timber  platform  sup- 
ported on  pile  foundations.  Back  of  dock  proper  sheet  piling  has  been 
driven  and  tied  back  by  ^-inch  iron  rods  to  anchor  piles  and  the  dock 
filled.     This  dock  should  be  very  satisfactory  for  the  purpose  designed 

G.  C.  Cleveland,  Chief  Engineer,  New  York  Central  Railroad,  West  of 
Buffalo,  submits  plan  of  rock-filled  crib  dock  at  Ashtabula,  O.  The 
timber  cribs  are  21   feet  wide,  19  feet  high  and  filled  with  one-man  rubble 


DESIGN  OP  DOCKS  AND  WHARVES. 


297 


limestone.  Cribs  are  of  the  usual  form  of  construction,  solid  face  wall 
with  open  bulkheads  spaced  8  feet  apart.  Vertical  posts  at  each  corner 
of  bulkheads  are  securely  bolted  to  face  and  cross  timbers.  He  gives  no 
information  in  regard  to  costs. 

F.  B.  Freeman,  Chief  Engineer  of  the  Boston  &  Albany  Railroad, 
reports  as  follows  in  regard  to  their  docks  at  Boston: 

"The  Docks  and  Wharves  of  the  Boston  &  Albany  Railroad  are  not 
very  extensive.  They  were  rebuilt  after  the  big  fire  ot  1908  with  con- 
siderable speed,  so  that  there  was  not  time  available  to  give  the  designing 
of  them,  particularly  the  dock  work,  as  much  consideration  as  probably 
they  deserved. 

In  answer  to  your  questions,  however: 

(a)  As  to  the  determining  factors  in  the  designing  of  our  docks. 
They  are  as  follows: 

To  be  available  for  the  largest  class  of  trans-Atlantic  steamers,  of 
the  type  known  as  Combination,  that  is— handling  a  full  list  of  passengers 
and  a  heavy  tonnage  of  freight.  It  was  necessary  to  take  care  ot  the 
trans-shipment  of  miscellaneous  freight,  at  the  same  time  handle  gram 
It  was  also  desirable  that  the  arrangement  should  be  such  that  export 
freight  could  be  handled  into  the  ship  at  the  same  time  that  import 
freight  was  being  handled  out  of  the  ship,  as  the  period  of  stay  in  the 
dock  was  to  be  defined  and  limited,  due  to  regular  dates  being  arranged 
for  the  sailings.  „i„^„„ 

The  feature  of  the  grain  trade  was  taken  care  of  by  the  placma 
of  the  Grain  Elevator  inshore,  back  from  the  docks,  and  conveying  the 
grain  through  grain  galleries  to  spouting  towers  into  the  ship    the    owers 


grain  tnrougn  giaui  gaudies  w  o^^... &  w..  — - -  .. 

being  arranged  considerably  higher  than  the  pier  sheds,  so  that  they 
do  not  in  any  way  interfere  with  the  handling  of  miscellaneous  freight 
from  the  sheds.  .  , 

The  passenger  business  is  taken  care  of  by  the  construction  of  a 
second  story  on  the  shed,  where  all  passengers,  immigrants  and  baggage 
can  be  handled.  .  t 

The  feature  of  handling  export  and  import  freight  at  the  same 
time  was  taken  care  of  by  making  the  piers  considerably  wider  than  is 
the  practice,  for  instance,  in  the  Port  of  New  York 

(b)  How  successful  has  this  design  proved?  I  should  say  that  the 
arrangement  of  the  East  Boston  piers  has  been  very  successful. 

(c)  What  improvements  would  you  suggest?  The  improvements 
that  we  could  suggest  are  so  many  that  it  would  take  considerable  time 
to  mention  them  all,  but  I  should  say  that  the  first  suggestion  we  would 
make  in  the  construction  of  piers  is  the  elimination  of  timber  as  far  as 
possible,  both  in  sub-structure  and  super-structure.  In  the  sub-structure. 
in  many  locations,  it  might  not  be  possible  to  accomplish  this,  but  we  are 
of  the  opinion  that  for  the  super-structure,  the  use  of  timber  should  be 
barred  altogether.  ,, 

Another  suggestion  would  be,  that  where  possible  the  outer  walls, 
instead  of  being  constructed  as  they  are  in  almost  all  docks,  at  the  pres- 
ent time,  of  some  light  galvanized  iron  or  other  form  of  sheathing, 
should  be  constructed  of  some  sol.d  material  possibly,  tor  the  sake  01 
lightness,  a  tounh  vitrified  hollow  tile  material. 

Wlure  possible,  I  would  suggest  also,  that  the  floor  of  the  pier  be 
of  some  hard  material,  to  reduce  the  very  heavy  cost  of  maintenance  of 
wooden  floors  and  also  for  the  reduction  of  fire  risk 

Where  fire  protection  is  installed,  instead  of  distributing  the  moni- 
tors and  hose  nozzles  at  different  points  on  tin-  floor  ol  the  pier,  J 
believe  that  the  cos!  of  a  narrow  gallery  around  the  outside  of  the  build- 
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ing,  the  bottom  of  the  gallery  to  be  practically  on  a  level  with  the  top 
of  the  doors,  from  which  all  of  the  fire  protection  apparatus  could  be 
operated,  would  be  a  very  big  improvement,  both  in  the  cost  of  mainte- 
nance and  in  its  availability,  as  under  the  present  general  arrangements 
in  freight  piers  the  positions  of  the  fire  fighting  appliances  are  generally 
such  that  they  are  subject  to  constant  breakage  or  damage  during  the 
handling  of  freight  and  there  is  the  probability  of  their  being  blocked 
up  from  access  by  the  piling  of  freight  around  them. 

We  would  suggest  that  in  all  cases  provision  be  made  for  electric 
winches  to  take  care  of  the  handling  of  miscellaneous  freight  from  the 
docks  to  the  ships  and  vice  versa. 

We  would  suggest  that  the  matter  of  the  arrangement  of  water 
pipes  calls  for  the  most  careful  consideration,  so  as  to  get  it  economically 
located  and  in  such  a  way  that  it  can  be  fully  protected  by  some  heating 
arrangement.  This  undoubtedly  could  best  be  accomplished  by  carrying 
the  main  supply  down  through  the  center  of  the  shed  on  a  gallery 
arrangement. 

(d)     In  regard  to  detail  unit  costs. 

I  regret  to  say  that  up  to  date  we  have  never  had  an  opportunity 
to  work  out  the  unit  costs  on  this  work,  but  I  would  say  that  the  total 
cost  of  each  pier  was  approximately  $750,000.00.  This  includes  sub- 
structure, pier  and  pier  shed  on  it,  and  fire  protection  system,  which  is 
exceedingly  elaborate  on  these  piers,  but  exclusive  of  the  grain  galleries. 

G.  J.  Ray,  Chief  Engineer  of  the  Delaware,  Lackawanna  &  Western 
Railroad  Company,  reports  as  follows : 

"Under  separate  cover  I  am  sending  you  one  complete  set  of  blue- 
prints and  specifications  of  our  pier  No.  8,  Hoboken  Terminal,  also  a 
cross-section  of  our  pier  No.  9,  showing  how  this  construction  is  adapted 
to  the  use  of  two-story  pier  shed  building. 

(a)  We  endeavored  to  design  a  structure  which  would  be  fireproof 
with  a  minimum  of  maintenance. 

(b)  Piers  have  been  in  use  about  eight  years,  with  practically  no 
maintenance  expenses ;  in  case  of  fire  it  would  be  out  of  the  question  to 
have  any  serious  damage. 

(c)  We  have  designed  four  other  piers  of  this  type  with  practically 
no  changes  in  design. 

(d)  Cost  of  open  pier  $2.25  per  square  foot;  two-story  pier  $4.25 
per  square  foot." 

Comment. 

The  Hoboken  Terminal  Pier  No.  9  is  a  two-story  steel  and  re- 
inforced concrete  structure  supported  on  pile  foundations  stiffened  with 
rip-rap  and  rubble  filling.  It  is  a  good  example  of  a  structure  designed 
for  economical  operation,  two  stories  in  height.  The  structure  is  simple, 
details  good  and  should  be  a  very  satisfactory  plan  for  this  method  of 
operation. 

J.  L.  Pickles,  Chief  Engineer,  Duluth,  Winnipeg  &  Pacific  Railway, 
submits  plan  of  dock  designed  exclusively  for  handling  lumber  from  rail- 
road cars  to  boats.  This  is  a  structure  quite  common  at  Lake  Superior 
ports.  The  design  submitted  by  Mr.  Pickles  is  one  of  the  latest  and 
best,  the  details  arc  good  and  costs  are  low.  Mr.  Pickles  gives  the  fol- 
lowing report: 
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(a)  What  were  determining  factors  in  the  design  of  this  particular 
dock?  Position  and  shape  of  real  estate,  likelihood  of  future  exten- 
sions and  the  construction  of  other  docks  and  buildings. 

(b)  How  successful  has  this  design  proved?  So  far  the  dock  has 
proved  wholly  successful. 

(c)  What  improvements  would  you  suggest?  I  would  suggest  that 
all  bolts  exposed  on  the  outside  of  the  dock  be  countersunk  so  as  to 
prevent  scarring  boats  moored  alongside.  I  would  also  suggest  toilet 
facilities  be  provided  and  an  adequate  office  building  for  employes. 

(d)  Kindly  give,  as  fully  as  possible,  detail  unit  prices : 

Engineering  charges   $  1,409.34 

Freight  charges  on  piling,  ties  and  planking. .  .     5,089.26 

Piling— lin.    ft.— 103,185 ....". 17,539.45 

Timber— F.  B.  M.— 818,230 22,702.29 

Machine  bolts,  drift  bolts,  etc 1,479.96 

Iron  cleats— 25  at  $8.75 218.75 

Contract  price  driving  piles  92,791  lin.  ft.  left 

in  work  at  5^4  cents  5,335.48 

Contract  price  framing  deck  and  bracing  781,- 

699  ft.  B.  M.  left  in  work  at  $6.90  per  M. .  5,393.72 

Excavating  for  mud  sills  on  bank 119.41 

Crib  at  end  of  Dock : 

Iron  rods  for  tieing  crib 19.10 

Labor  applying  rods 44.10 

Stone  for  filling  crib— 64  cords  at  $7.00. .  448.00 

Dredging:     177,427.4  cubic  yards  at  11  cents..  19,517.01 

Track:     60-lb.  rails  and  fastenings,  2nd  hand.  1,688.90 

Labor    320.43 

Saunders  Car  Stoppers,  2  at  $45.00  each 90.00 

Freight  on   Car   Stoppers 7.28 

$81,422.48 

W.  L.  Rohbock,  Chief  Engineer  of  the  Wheeling  &  Lake  Erie  Rail- 
road Company,  submits  plans  of  an  extension  to  one  of  their  ore  and 
coal  handling  docks.  It  is  an  excellent  example  of  a  structure  designed 
to  carry  heavy  loads  piled  over  the  surface  of  the  dock.  The  front  is 
timber  construction,  sheet  piling  in  the  rear  of  the  dock  proper  and  the 
main  body  of  the  dock  filled.  The  timber  front  of  the  dock  is  very 
efficiently  anchored  back  with  steel  rods,  which  was  made  necessary 
on  account  of  the  heavy  loads  to  be  handled. 

William  Michel,  Chief  Engineer  of  the  Hocking  Valley  Railway, 
submits  plans  of  a  dock  at  Toledo,  O.  This  structure  is  another  good 
one  typical  of  the  ore  and  coal-handling  docks  on  the  Great  Lakes.  It 
is  an  excellent  example  of  crib-filled  structures  and  of  concrete  pier 
supported  directly  on  piling.  On  account  of  the  heavy  distributed  loads 
to  be  carried  and  the  heavy  machinery  foundations  it  requires  a  very 
solid  substructure.     It  is  also  thoroughly  tied  back  with  anchor  rods. 

Mr.   Michel   submitted  the   following  report   as  to  questions: 

"(a)  Limited  dock  frontage  was  responsible  for  the  adoption  of 
the  special  slip  dock  arrangement.  The  pile  and  concrete  dock  con- 
struction was  adopted  for  the  pier  because  the  two  walls  could  be 
securely  tied  together  and  prevent  spreading  of  the  main  walls  and  keep 
them  in  line.    Where  this  could  nol  be  done  the  crib  and  concrete  dock 
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construction  was  used  and  the  walls   securely  anchored  to  piling  driven 
into  the  fill  behind  the  dock  wall. 

(b)  We  had  some  difficulty  in  landing  the  cribs  and  keeping  them 
in  line  while  they  were  being  pumped  full  of  sand.  The  design  thus  far 
has  proven  successful. 

(c)  Have  none  to  suggest,  as  we  are  just  putting  the  dock  into 
operation,  and  so  far  nothing  of  a  serious  nature  has  developed. 

(d)  12"xl2"   timber  grillage  placed.  .$43.00     per  M.  B.  M. 

2"  plank,  hardwood 38.00       "       ■   " 

2"  plank,  hemlock  35.00       " 

Timber   piling   driven    28      per  lin.  ft. 

Steel  piling  driven 02     per  lb. 

Concrete  placed   6.80      per  cu.  yd. 

Steel  "I"  beams  placed 02      per  lb. 

Steel  reinforced  rods  placed 02 J^  "     " 

Wrought  iron   rods  placed 05 

Dredging  and  waste 23      per  cu.  yd. 

Dredging  and  backfill 27 

The  above  prices  do  not  include  Company  freight  or  supervision." 

W.  H.  Courtenay,  Chief  Engineer  of  the  Louisville  &  Nashville  Rail- 
road Company,  submits  plan  of  their  Warehouse  and  Wharf  at  Pensa- 
cola, Fla.  This  is  a  two-story  structure,  entirely  of  wood,  and  is  de- 
signed for  handling  freight  unloading  on  both  floors  at  the  same  time. 

Mr.  Courtenay  reports  as  follows : 

"In  response  to  your  letter  of  July  20th,  subject  'Inquiry  as  to  Docks 
and  Wharves,'  I  am  sending  to  you,  under  separate  cover,  blueprint 
G-510  showing  a  cross-section  and  part  longitudinal  section  of  our  Com- 
mendencia  Street  Wharf  at  Pensacola,  Pla.,  which  is  the  latest  dock  of 
importance  built  by  this  Company. 

This  dock  is  1200  feet  in  length,  and  has  slips  on  each  side  of  it, 
with  28  ft.  depth  of  water.  The  central  portion,  or  the  portion  between 
the  tracks  is  enclosed.  The  sides  of  the  outer  portion,  or  between  the 
walls  of  the  warehouse  proper  and  water  on  each  side,  are  not  enclosed. 

You  will  observe,  that  tracks  reach  each  floor. 

Freight  is  discharged  from  vessels  to  both  floors  of  this  structure 
concurrently.  Likewise  freight  is  unloaded  from  the  warehouse  to  vessels 
from  both  floors  concurrently. 

It  was  considered  that  this  type  of  dock  would  suit  the  necessities 
of  the  Railroad  Company  at  Pensacola  better  than  any  other. 

The  design  has,  I  think,  proven  to  be  eminently  successful. 

I  have  no  improvements  to  suggest  at  this  time. 

The  piles  supporting  this  structure  are  longleaf  yellow  pine,  creo- 
soted,  the  remainder  of  the  structure  is  built  of  green  timber. 

The  floors  have  carried  loads  weighing  as  much  as  1200  lbs.  per 
square  foot,  although  this  structure  was  not  designed  for  such  excessive 
loads." 

C.  F.  Loweth,  Chief  Engineer  of  the  Chicago,  Milwaukee  &  St.  Paul 
Railway,  submits  plan  of  their  dock  in  Chicago  River.  This  is  a  very 
simple  structure  composed  of  a  front  row  of  piling  with  sheet  piling 
anchored  back  to  anchor  timbers  and  piles  with  1  J4_incrl  rods,  the  dock 
is  then  filled. 

Mr.   Loweth   reports   as   follows: 

"Answering  your  inquiries,  would  say  that  one  of  the  factors  aimed 
at  in  the  design  of  this  and  other  docks  is  to  get  the  anchor  rods  low 
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enough  so  they  will  be  efficient  after  the  piles  have  begun  decaying 
above  the  water  level,  and  an  endeavor  has  been  made  to  make  the 
anchorage  sufficient  to  withstand  heavy  loading  on  the  docks,  such  as 
large  bodies  of  coal,  etc. 

The  plan  shown  on  the  attached  print,  which  in  a  general  way  repre- 
sents our  standard  practice,  has  quite  successfully  met  our  requirements, 
but  for  exceptional  locations  we  might  make  material  changes  of  design. 

These  docks  in  Chicago  and  Milwaukee  cost  from  $18.00  to  $25.00 
per  linear  foot,  depending  upon  local  conditions." 

W.  L.  Darling,  former  Chief  Engineer  of  the  Northern  Pacific  Rail- 
way, submits  plan  of  their  Yesler  Wharf  in  the  City  of  Seattle.  This 
structure  is  entirely  of  timber  supported  on  pile  foundations.  It  is  a 
good  example  of  the  Pacific  Coast  Harbor  construction. 

Mr.  Darling  reports"  as  follows : 

"The  1909  extensions  cover  an  area  of  80,500  square  feet  of  dock  and 
62,000  square  feet  of  warehouse. 

The  remodeling  of  pier  one  in  1912  covered  the  raising  of  the  roof 
for  a  second  story  on  the  old  warehouse,  providing  balconies  and  offices 
on  each  side  of  the  house  with  waiting  rooms,  ticket  office,  room  for 
custom  inspectors,  detention  room,  etc.,  and  for  additional  piling  and  the 
necessary  strengthening  of  the  dock  otherwise,  to  take  care  of  the 
increased  load. 

The  construction  is  based  upon  a  loading  of  420  lbs.  per  square  foot, 
including  weight  of  floor,  for  the  first  floor,  and  150  lbs.,  including 
weight  of  floor  for  the  waiting  room. 

The  number  of  piles  were  determined  by  the  load,  and  the  lengths, 
which  vary  from  50  to  90  feet. 

The  plans  you  will  find  illustrate  the  situation  quite  fully. 

The  design  has  proved  very  satisfactory   for  the   purposes   intended. 

The  cost  of  the  extension  and  remodeling  aggregates  about  $300,- 
000.00." 

The  plans  and  data  quoted  above  are  only  a  part  of  the  many  fur- 
nished the  Committee  from  all  parts  of  the  United  States,  and  show  a 
great  variety  of  docks  and  wharves  suited  to  handling  nearly  all  classes 
of  freight  and  passenger  traffic.  The  materials  of  construction  range 
from  all  timber  to  all  concrete. and  steel  with  many  combinations  of  both. 

It  is  impossible  to  discuss  in  detail  the  many  different  types  of 
structures  used  in  this  country  for  docks  and  wharves,  and  this  report 
is  submitted  for  the  information  of  the  members  of  the  American  Rail- 
way Engineering  Association. 
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PUNCHINC  FOR  ANTICREEPINC  JOINT  PLATE  FOR  P.S.  100  LBS.  RAILS 
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PUNCHINC  FOR  HEAVY  TIE  PLATE 
This  Tie  Plate  tor  use  on  curves  where 
there  Is  eicessive  cutting  of   the  ties. 


SECTION  AA 


Requisitions  must  state  when  Tie  Plates  are  for  use 
on  open  floor  Bridges  and  Trestles  and  when  so  specified 
the  Tie  Plate  shall  be  IOVi  In.  wide  Instead  of  7  In. 
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HEAVY  TIE  PLATE  AND  ANTICREEPING  JOINT  PLATE 
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-Area-llgsqm     Weight  54.67  lbs 
September  1914- 
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Study   No. 5, 
Are^  =  liesq.in.   Weight  =39.16  lbs. 

September,  I9I4-. 
"TSsued  September  25,  |9i4 
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